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DATA HANDBOOK SYSTEM 

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

ELECTRON TUBES BLUE 

SEMICONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE. 

COMPONENTS AND MATERIALS GREEN 

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

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

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

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

----
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ELECTRON TUBES (BLUE SERIES) 

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

T1 Tubes for r.f. heating 

T2 Transmitting tubes for communications 

T3 Klystrons, travelling-wave tubes, microwave diodes 

ET3 Special Quality tubes, miscellaneous devices (will not be reprinted) 

T4 Magnetrons 

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

TS Geiger-Muller tubes 

T7 Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories 

TB Picture tubes and components 
Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 

T9 Photo and electron multipliers 
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates 

T10 Camera tubes and accessories, image intensifiers 

T11 * Microwave components and assemblies 

*Will become available in the course of 1982. 
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SEMICONDUCTORS (RED SERIES) 

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

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

S2 Power diodes, thyristors, triacs 
Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyristors, triacs 

S3 Small-signal transistors 

S4 Low-frequency power transistors and hybrid IC modules 

S5 Field-effect transistors 

S6 R. F. power transistors and modules 

S7 Microminiature semiconductors for hybrid circuits 

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

S9 Taken into handbook T11 of the blue series 

S10 Wideband transistors and wideband hybrid IC modules 

I 

January 1982 
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INTEGRATED CIRCUITS '(PURPLE SERIES) 

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

IC1 Bipolar ICs for radio and audio equipment 

IC2 Bipolar I Cs for video equipment 

IC3 ICs fc:ir digital systems in radio, audio and video equipment 

IC4 Digital integrated circuits 
LOCMOS HE4000B family 

IC5 Digital integrated circuits - ECL 
~CL 10 000 (GX family), ECL 100 000 (HX family), dedicated designs 

IC6* Professional analogue integrated circuits 

IC7 Signetics bipolar memories 

ICB Signetics analogue circuits 

IC9 Signetics TTL logic 

* This handbook will be available by the end of 1982. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 

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

C1 Assemblies for industrial use 
PLC modules, PC20 modules, HNI L FZ/30 series, NORbits 60-, 61-, 90-series, input devices, 
hybrid ICs, peripheral devices 

C2 FM tuners, television tuners, video modulators, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Electric motors and accessories 
Permanent magnet synchronous motors, stepping motors, direct current motors 

C7 Variable capacitors* 

C8 Variable mains transformers 

C9 Piezoelectric quartz devices 
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 

C10 Connectors 

C11 Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LOR). negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 

C12 Variable resistors and test switches 

C13 Fixed resistors 

C 14 Electrolytic and solid capacitors 

C15 Film capacitors, ceramic capacitors* 

C16 Piezoelectric ceramics, permanent magnet materials 

* Cl is in preparation. Retain C15 05-80 for information on variable capacitors until C7 becomes available. 

January 1982 
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l INDEX 

INDEX OF TYPE NUMBERS 
Data Handbooks S1 to 810 

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

type no. b_ook section 

AA119 Sl GD 
AAZlS Sl GD 
AAZ17 Sl GD 
AAZ18 Sl GD 
BA220 Sl SD 

BA22l Sl SD 
BA223 Sl T 
BA243 Sl T 

BA244 Sl T 
BA280 Sl T 

BA314 Sl Vrg 
BA3lS Sl Vrg 
BA316 Sl SD 
BA317 Sl SD 
BA318 Sl SD 

BA379 Sl T 
BA423 Sl T 
BA481 Sl T 
BA482 Sl T 
BA483 Sl T 

BA484 Sl T 
BASU Sl SD 
BAS16 S7/Sl Mm/SD 
BAS17 S7/Sl Mm/Vrg 
BAS18 Sl SD 

FET =Field-effect transistors 
GD =Germanium diodes 
Mm = Microminiature semiconductors 

for hybrid circuits 
SD =Small-signal diodes 

type no. 

BAS19 
BAS20 
BAS21 
BAT17 
BAT18 

BAT81 
BAT82 
BAT83 
BAT8S 
BAVlO 

BAV18 
BAV19 
BAV20 
BAV21 
BAV4S 

BAV70 
BAV99 
BAW56 
BAW62 
BAX12 

BAX12A 
BAX14 
BAX18 
BBlOSB 
BBlOSG 

book 

S7/Sl 
S7 /Sl 
S7/Sl 
S7/Sl 
S7 /Sl 

Sl 
Sl 
Sl 
Sl 
Sl 

Sl 
Sl 
Sl 
Sl 
Sl 

S7 /Sl 
S7/Sl 
S7 /Sl 
Sl 
Sl 

Sl 
Sl 
Sl 
Sl 
Sl 

section type no. book 

Mm/SD BB109G Sl 
Mm/SD BB112 Sl 
Mm/SD BB119 Sl 
Mm/T BB130 Sl 
Mm/T BB204B Sl 

T BB204G Sl 
T BB212 Sl 
T BB40SB Sl 
T BB40SG Sl 
SD BB417 Sl 

SD BB809. Sl 
SD BB909A Sl 
SD BB909B Sl 
SD BBY31 S7 /Sl 
Sp BBY40 S7/Sl 

Mm/SD BC107 S3 
Mm/SD BC108 S3 
Mm/SD BC109 S3 
SD BC146 S3 
SD BC177 S3 

SD BC178 S3 
SD BC179 S3 
SD BC200 S3 
T BC264A SS 
T BC264B SS 

Sm =Small-signal transistors 
Sp =Special diodes 
T = Tuner diodes 
Vrg =Voltage regulator diodes 

section 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

T 
T 
T 
Mm/T 
Mm/T 

Sm 
Sm 
Sm 
Sm 
Sm 

Sm 
Sm 
Sm 
FET 
FET 
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type no. book section 

BC264C SS FET 
BC264D SS FET 
BC327;A S3 Sm 
BC328 S3 Sm 
BC337;A S3 Sm 

BC338 S3 Sm 
BC368 S3 Sm 
BC369 S3 Sm 
BC37S S3 Sm 
BC376 S3 Sm 

BCS46 S3 Sm 
BCS47 S3 Sm 
BCS48 S3 Sm 
BCS49 S3 Sm 
BCSSO S3 Sm 

BCSS6 S3 Sm 
BCSS7 S3 Sm 
BCSS8 S3 Sm 
BCSS9 S3 Sm 
BCS60 S3 Sm 

BC63S S3 Sm 
BC636 S3 Sm 
BC637 S3 Sm 
BC638 S3 Sm 
BC639 S3 Sm 

BC640 S3 Sm 
BCF29;R S7 Mm 
BCF30;R S7 Mm 
BCF32;R S7 Mm 
BCF33;R S7 Mm 

BCF70;R S7 Mm 
BCF8l;R S7 Mm 
BCV7l;R S7 Mm 
BCV72;R S7 Mm 
BCW29;R S7 Mm 

BCW30;R S7 Mm 
BCW3l;R S7 Mm 
BCW32;R S7 Mm 
BCW33;R S7 Mm 
BCW60* S7 Mm 

* =series 
FET = Field-effect transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 

2 October 1982 

type no. 

BCW61* 
BCW69;R 
BCW70;R 
BCW71;R 
BCW72;R 

BCW8l;R 
BCW89;R 
BCX17;R 
BCX18;R 
BCX19;R 

BCX20;R 
BCXSl 
BCXS2 
BCXS3 
BCXS4 

BCXSS 
BCXS6 
BCX70* 
BCX71* 
BCYS6 

BCYS7 
BCYS8 
BCYS9 
BCY70 
BCY71 

BCY72 
BCY78 
BCY79 
BCY87 
BCY88 

BCY89 
BD131 
BD132 
BD13S 
BD136 

BD137 
BD138 
BD139 
BD140 
BD201 

book section type' no. hook , "'section 

S7 Mm BD202 S4 P .. 
S7 Mm BDi03 s4 p 

S7 Mm BDZ04 s:4 ( 
S7 Mm BD226 ·~! ' ~· •' S7 Mm BD227 

S7 Mm BD228 'g4 :',"'~·':: S7 Mm BD229 's4 
S7 Mm BD230 S4 p 

S7 Mm BD231 S4 p 

S7 Mm BD233 S4 p 

S7 Mm BD234 S4 p 

S7 Mm BD23S S4 p 

S7 Mm BD236 S4 p 

S7 Mm BD237 S4 p 

S7 Mm BD238 S4 p 

S7 Mm BD291 S4 p 

S7 Mm BD292 ·s4 p 

S7 Mm BD293 S4 p 

S7 Mm BD294 S4 p 

S3 Sm BD29S S4 p 

S3 Sm BD296 S4 p 

S3 Sm BD329 S4 p 

S3 Sm BD330 S4 p 

S3 Sm BD331 S4 p 

S3 Sm BD332 S4 p 

S3 Sm BD333 S4 p 

S3 Sm BD334 S4 p 

S3 Sm BD33S S4 p 

S3 Sm BD336 S4 p 

S3 Sm BD337 S4 p 

S3 Sm BD338 S4 p 

S4 p BD433 S4 p 

S4 p BD434 S4 p 

S4 p BD43S S4 p 

S4 p BD436 S4 p 

S4 p BD437 S4 p 

S4 p BD438 S4 p 

S4 p BD64S S4 p 

S4 p BD646 S4 p 

S4 p BD647 S4 p 

P = Low-frequency power transistors 
Sm =Small-signal transistors 



INDEX, 

type no. book section type no. book section type no. book section 

BD648 S4 p BD940 S4 p BDT42C S4 p 

BD649 S4 p BD941 S4 p BDT60 S4 p 

BD650 S4 p BD942 S4 p BDT60A S4 p 

BD651 S4 p BD943 S4 p BDT60B S4 p 

BD652 S4 p BD944 S4 p BDT60C S4 p 

BD675 S4 p BD945 S4 p BDT61 S4 p 
BD676 S4 p BD946 S4 p BDT61A S4 p 

BD677 S4 p BD947 S4 p BDT61B S4 p 

BD678 S4 p BD948 S4 p BDT61C S4 p 

BD679 S4 p BD949 S4 p BDT62 S4 p 

BD680 S4 p BD950 S4 p BDT62A S4 p 
BD681 S4 p BD951 54 p BDT62B 54 p 
BD682 54 p BD952 54 p BDT62C 54 p 

BD683 S4 p BD953 S4 p BDT63 S4 p 

BD684 S4 p BD954 S4 p BDT63A S4 p 

BD813 54 p BD955 S4 p BDT63B 54 p 
BD814 S4 p BD956 $4 p BDT63C 54 p 

BD815 S4 p BDT29 S4 p BDT64 S4 p 

BD816 S4 p BDT29A 54 p BDT64A 54 p 

BD817 S4 p BDT29B S4 p BDT64B S4 p 

BD818 S4 p BDT29C S4 p BDT64C 54 p 

BD825 S4 p BDT30 S4 p BDT65 S4 p 

BD826 S4 p BDT30A S4 p BDT65A S4 p 

BD827 S4 p BDT30B S4 p BDT65B S4 p 

BD828 S4 p BDT30C S4 p BDT65C S4 p 

BD829 S4 p BDT31 S4 p BDT91 S4 p 
BD830 S4 p BDT31A S4 p BDT92 S4 p 
BD839 S4 p BDT31B S4 p BDT93 S4 p 
BD840 S4 p BDT31C S4 p BDT94 S4 p 
BD841 S4 p BDT32 S4 p BDT95 S4 p 

BD842 S4 p BDT32A S4 p BDT96 S4 p 
BD843 S4 p BDT32B S4 p BDV64 S4 p 
BD844 S4 p BDT32C S4 p BDV64A S4 p 

BD933 S4 p BDT41 S4 p BDV64B S4 p 
BD934 S4 p BDT41A S4 p BDV64C S4 p 

BD935 S4 p BDT41B S4 p BDV65 S4 p 
BD936 S4 p BDT41C S4 p BDV65A S4 p 
BD937 S4 p BDT42 S4 p BDV65B S4 p 

BD938 S4 p BDT42A S4 p BDV65C S4 p 

BD939 S4 p BDT42B S4 p BDV91 S4 p 

P = Low-frequency power transistors 
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type no. book section 

BDV92 S4 p 
BDV93 S4 p 

BDV94 S4 p 

BDV95 S4 p 
BDV96 S4 p 

BDW55 S4 p 
BDWS6 S4 p 

BDW57 S4 p 

BDWS8 S4 p 

BDW59 S4 p 

BDW60 S4 p 

BDX35 S4 p 
BDX36 S4 p 
BDX37 S4 p 

BDX42 S4 p 

BDX43 S4 p 
BDX44 S4 p 
BDX45 S4 p 
BDX46 S4 p 
BDX47 S4 p 

BDX62 S4 p 
BDX62A S4 p 

BDX62B S4 p 

BDX62C S4 p 
BDX63 S4 p 

BDX63A S4 p 

:6DX63B S4 p 
BDX63C S4 p 

BDX64 S4 p 
BDX64A S4 p 

BDX64B S4 p 
BDX64C S4 p 
BDX65 S4 p 
BDX65A S4 p 

BDX65B S4 p 

BDX65C S4 p 
BDX66 S4 p 
BDX66A S4 p 
BDX66B S4 p 

BDX66C S4 p 

FET = Field-effect transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 

4 October 1982 

type no. 

BDX67 
BDX67A 
BDX67B 
BDX67C 
BDX77 

BDX78 
BDX91 
BDX92 
BDX93 
BDX94 

BDX9S 
BDX96 
BDY90 
BDY90A 
BDY91 

BDY92 
BF180 
BF181 
BF182 
BF183 

BF198 
BF199 
BF200 
BF240 
BF241 

BF24SA 
BF24SB 
BF24SC 
BF246A 
BF246B 

BF246C 
BF2S6A 
BF2S6B 
BF2S6C 
BF324 

BF370 
BF410A 
BF410B 
BF410C 
BF410D 

book section type no. book 

S4 p BF419 S4 
S4 p BF422 S3 
S4 p BF423 S3 
S4 p BF450 S3 
S4 p BF451 S3 

S4 p BF4S7 S4 
S4 p BF4S8 S4 
S4 p BF4S9 S4 
S4 p BF469 S4 
S4 p BF470 S4 

S4 p BF471 S4 
S4 p BF472 S4 
S4 p BF480 S3 
S4 p BF494 S3 
S4 p BF49S S3 

S4 p BF496 S3 
S3 Sm BFSlO S7 
S3 Sm BFSll S7 
S3 Sm BFS12 S7 
S3 Sm BFS13 S7 

S3 Sm BFS36 S7 
S3 Sm BFSSO;R S7 
S3 Sm BFS69 S7 
S3 Sm BFS79 S7 
S3 Sm BF622 S7 

SS FET BF623 S7 
SS FET BF660;R S7 
SS FET BF767 S7 
SS FET BF819 S4 
SS FET BF8S7 S4 

SS FET BF8S8 S4 
SS FET BF8S9 S4 
SS FET BF869 S4 
SS FET BF870 S4 
S3 Sm BF871 S4 

S3 Sm BF872 S4 
SS FET BF926 S3 
SS FET BF936 S3 
SS FET BF939 S3 
SS FET BF960 SS 

P = Low-frequency power transistors 
Sm = Small-signal transistors 

section 

p 

Sm 
Sm 
Sm 
Sm 

p 
p 
p 
p 
p 

p 
p 

Sm 
Sm 
Sm 

Sm 
Mm 
Mm 
Mm 
Mm 

Mm 
Mm 
Mm 
Mm 
Mm 

Mm 
Mm 
Mm 
p 
p 

p 
p 
p 
p 
p 

p 
Sm 
Sm 
Sm 
FET 



type no. book section 

BF967 S3 Sm 
BF970 S3 Sm 
BF979 S3 Sm 
BF981 SS FET 
BFQlO SS FET 

BFQll SS FET 
BFQ12 SS FET 
BFQ13 SS FET 
BFQ14 .SS FET 
BFQlS SS FET 

BFQ16 SS FET 
BFQ17 S7 Mm 
BFQ18A S7 Mm 
BFQ19 S7 Mm 
BFQ22 SlO WBT 

BFQ22S SlO WBT 
BFQ23 SlO WBT 
BFQ24 SlO WBT 
BFQ32 SlO WBT 
BFQ33 SlO WBT 

BFQ34 SlO WBT 
'BFQ42 S6 RFP 

BFQ43 S6 RFP 
BFQSl SlO WBT 
BFQS2 SlO WBT 

BFQ53 SlO WBT 
BFQ63 SlO WBT 
BFQ68 SlO WBT 
BFR29 SS FET 
BFR30 S7 Mm 

BFR31 S7 Mm 
BFR49 SlO WBT 
BFRS3;R S7 Mm 
BFR54 S3 Sm 
BFR64 SlO WBT 

BFR65 SlO WBT 
BFR84 SS FET 
BFR90 SlO WBT 
BFR90A SlO WBT 
BFR91 SlO WBT 

FET = Field-effect transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 

type no. 

BFR91A 
BFR92;R 
BFR93;R 
BFR94 
BFR9S 

BFR96 
BFR96S 
BFS17;R 
BFS18;R 
BFS19;R 

, BFS20;R 
BFS21 
BFS21A 
BFS22A 
BFS23A 

BFS28 
BFT24 
BFT2S;R 
BFT44 
BFT4S 

BFT46 
BFT92;R 
BFT93;R 
BFWlO 
BFWll 

BFW12 
BFW13 
BFW16A 
BFW17A 
BFW30 

BFW61 
BFW92 
BFW93 
BFX29 
BFX30 

BFX34 
BFX84 
BFX85 
BFX86 
BFX87 

RF P = R. F. power transistors and modules 
RT = Tripler 

book 

SlO 
S7 
S7 
SlO 
SlO 

SlO 
SlO 
S7 
S7 
S7 

S7 
SS 
SS 
S6 
S6 

SS 
SlO 
S7 
S3 
S3 

S7 
S7 
S7 
SS 
SS 

SS 
SS 
SlO 
SlO 
SlO 

SS 
SlO 
SlO 
S3 
S3 

S3 
S3 
S3 
S3 
S3 

INDEX 

·section tYpe no. bdok' · section 

WBT BFX88 S3 sm> 
Mm BFX89 SlO WBT 
Mm BFYSO S3 sn1:: 
WBT BFYSl S3 Sm·· 
WBT BFY.52 S3 sm: 

WBT BFYSS S3 Sm·" 
WBT BFY90 SlO · WB?ri 

'Mm BG2000 Sl ·RT'·· 
Mm BG2097 Sl RT 
Mm BGXll* S2 ThM 

Mm BGX12* S2 ThM 
FET BGX13* S2 ThM 
FET BGX14* S2 ThM 
RFP BGX15* S2 ThM 
RFP BGX17* S2 ThM 

FET BGY22 S6 RFP 
WBT BGY22A S6 RFP· 
Mm BGY23 S6 RFP 
Sm BGY23A S6 RFP 
Sm BGY32 S6 RFP 

Mm BGY33 S6 RFP 
Mm BGY3S S6 RFP 
Mm BGY36 S6 .RFP 
FET BGY40A S6 RFP 
FET BGY40B S6 RFP 

FET BGY41A S6 RFP 
FET BGY41B S6 RFP 
WBT BGY43 S6 RFP 
WBT BGYSO SlO WBM 
WBT BGYSl SlO WBM 

FET BGY52 SlO WBM 
WBT BGY53 SlO WBM 
WBT BGYS4 SlO WBM 
Sm BGYSS SlO WBM 
Sm BGY56 SlO WBM 

Sm BGY57 SlO WBM 
Sm BGY58 SlO WBM 
Sm BGY59 SlO WBM 
Sm BGY60 SlO WBM 
Sm BGY74 SlO WBM 

Sm = Small-signal transistors 
ThM =Thyristor Modules 
WBM =Wideband hybrid IC modules 
WBT =Wideband hybrid IC modules 

! 
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type no. book section 

BGY75 SlO WBM 
BLVlO S6 RFP 
BLVll S6 RFP 
BLV20 S6 RFP 
BLV21 S6 RFP 

BLV25 S6 RFP 
BLV30 S6 RFP 
BLV31 S6 RFP 
BLV32F S6 RFP 
BLV33 S6 RFP 

BLV33F S6 RFP 
BLV36 S6 RFP 
BLV57 S6 RFP 
BLW29 S6 RFP 
BLW31 S6 RFP 

BLW32 S6 RFP 
BLW33 S6 RFP 
BLW34 S6 RFP 
BLWSOF S6 RFP 
BLW60 S6 RFP 

BLW60C S6 RFP 
BLW64 S6 RFP 
BLW75 S6 RFP 
BLW76 S6 RFP 
BLW77 S6 RFP 

BLW7B S6 RFP 
BLW79 S6 RFP 
BLWBO S6 RFP 
BLWBl S6 RFP 
BLWS2 S6 RFP 

BLWS3 S6 RFP 
BLWS4 S6 RFP 
BLWSS S6 RFP 
BLWS6 S6 RFP 
BLWS7 S6 RFP 

BLWS9 S6 RFP 
BLW90 S6 RFP 
BLW91 S6 RFP 
BLW95 S6 RFP 
BLW96 S6 RFP 

Mm = Microminiature semiconductors 
for hybrid circuits 

PDT = Photodiodes or transistors 

type no. 

BLW9S 
BLX13 
BLX13C 
BLX14 
BLXlS 

BLX39 
BLX65 
BLX66 
BLX67 
BLX6S 

BLX69A 
BLX91A 
BLX92A 
BLX93A 
BLX94A 

8LX94C 
BLX95 
BLX96 
BLX97 
BLX9S 

BLY33 
BLY34 
BLY35 
BLY36 
BLYS3 

BLYB4 
BLY SS 
BLYS7A 
BLYB7C 
BLYSBA 

BLYSBC 
BLYS9A 
BLYS9C 
BLY90 
BLY91A 

BLY91C 
BLY92A 
BLY92C 
BLY93A 
BLY93C 

RFP = R.F. power transistors and modules 

October 1982 

book section type no. book 

S6 RFP BLY94 S6 
S6 RFP BLY97 S6 
S6 RFP BPW22A SS 
S6 RFP BPW44 SB 
S6 RFP BPW45 SS 

I 

S6 RFP BPWSO SB 
S6 RFP BPX25 SS 
S6 RFP BPX29 SS 
S6 RFP BPX40 SS 
S6 RFP BPX41 SS 

/ 

S6 RFP BPX42 SS 
S6 RFP BPX47B/1BSB 
S6 RFP BPX47B/20SB 
S6 RFP BPX47C/36SB 
S6 RFP BPX70 SB 

S6 RFP BPX71 SS 
S6 RFP BPX72 SS 
S6 RFP BPX:9SC SB 
S6 RFP BRl00/03 S2 
S6 RFP BRlOl S3 

S6 RFP BRY39 S3 
S6 RFP BRY56 S3 
S6 RFP BRY61 S7 
S6 RFP BSR12;R S7 
S6 RFP BSR13;R S7 

S6 RFP BSR14;R S7 
S6 RFP BSRlS;R S7 
S6 RFP BSR16;R S7 

, S6 RFP BSR17;R S7 
S6 RFP BSR30 S7 

S6 RFP BSR31 S7 
S6 RFP BSR32 S7 
S6 RFP BSR33 S7 
S6 RFP BSR40 S7 
S6 RFP BSR41 S7 

S6 RFP BSR42 S7 
S6 RFP BSR43 S7 
S6 RFP BSRSO S3 
S6 RFP BSRSl S3 
S6 RFP BSR52 S3 

Sm =Small-signal transistors 
Th = Thyristors 
WBM =Wideband hybrid IC modules 

section 
l 

RFP 

I RFP 
PDT 
PDT 
PDT 

PDT 
PDT 
PDT 
PDT 
PDT 

PDT 
PDT 
PDT 
PDT 
PDT 

PDT 
PDT 
PDT 
Th 
Sm : 

Sm 
Sm 
Mm 
Mm 
Mm 

Mm 
Mm 
Mm 
Mm 
Mm 

Mm 
Mm 
Mm 

•Mm 
Mm 

Mm 
Mm 
Sm 
Sm 
Sm 
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I 
I 
I 
I 

: 

type no. book section 

! BSRS6 S7 Mm 
BSRS7 S7 Mm 
B.~R58 S7 Mm 
BSR60 S3 Sm 
BSR61 S3 Sm 

BSR62 .S3 Sm 
BSS38 S3 Sm 
BSSSO S3 Sm 
BSSSl S3 Sm 
BSSS2 S3 Sm 

BSS60 S3 Sm 
BSS61 S3 Sm 
BSS62 S3 Sm 
BSS63;R S7 Mm 
BSS64;R S7 Mm 

BSS68 S3 Sm 
BSVlS S3 Sm 
BSV16 S3 Sm 
BSV17 S3 Sm 
BSV52;R S7 Mm 

BSV64 S3 Sm 
BSV78 SS FET 
BSV79 SS FET 
BSVSO SS FET 
BSVBl SS FET 

BSW66A S3 Sm 
BSW67A S3 Sm 
BSW68A S3 Sm 
BSX19 S3 Sm 
BSX20 S3 Sm 

'llSX4S S3 Sm. 
BSX46 S3 Sm 
BSX47 S3 Sm 
BSXS9 S3 Sm 
BSX60 S3 Sm 

BSX61 S3 Sm 
BSY95A S3 Sm 
BT136* S2 Tri 
BT137* S2 Tri 
BT138* S2 Tri 

=series 
F ET = Field-effect transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 
P = Low-frequency power transistors 

type no. 

BT139* 
BT149* 
BTlSl* 
BT1S2* 
BT1S3 

BT1S4 
BTlSS* 
BTV24* 
BTV34* 
BTVSS* 

BTW23* 
BTW30S* 
BTW31W* 
BTW38* 
BTW40* 

BTW42* 
BTW43* 
BTW4S* 
BTW47* 
BTWSS* 

BTW63* 
BTW92* 
BTX18* 
BTX94* 
BTY79* 

BTYB7* 
BTY91* 
BU208A 
BU326 
BU326A 

BU426 
BU426A 
BU433 
BUSll;A 
BUS12;A 

BUS13;A 
BUS14;A 
BUV82 
BUV83 
BUW84 

book section type no. 

S2 Tri BUWSS 
S2 Th BUX46;A 
S2 Th· BUX47;A 
S2 Th BUX48 ;A 
S2 Th BUXSO 

S2 Th BUXSl 
S2 Th BUX82 
S2 Th BUX83 
S2 Tri BUX84 
S2 Th BUXBS 

S2 Th BUX86 
S2 Th BUX87 
S2 Th BUX98 
S2 Th BUY89 
S2 Th BYl84 

S2 Th BY188G 
S2 Tri BY223 
S2 Th BY224* 
S2 Th BY22S* 
S2 Th BY228 

S2 Th BY229* 
S2 Th BY249 
S2 Th BY260* 
S2 Tri BY261* 
S2 Th BY277* 

S2 Th BY438 
S2 Th BY448 
S4 p BY4S8 
S4 p BY476 
S4 p BY/•77 

S4 p BY478 
S4 p BY SOS 
S4 p BYS09 
S4 p BY527 
S4 p BY584 

S4 p BY609 
S4 p BY610 
S4 p BYV20 
S4 p BYV21* 
S4 p BYV22 

R = Rectifier diodes 
Sm = Small-signal transistors 
Th = Thyristors 
Tri = Triacs 

book section 

S4 p 
S4 p 

S4 p 

S4 p 
S4 p 

S4 p 

S4 p 

S4 p 

S4 p 

S4 p 

S4 p 
S4 p 

S4 p 

S4 p 

Sl R 

Sl R 
S2 R 
S2 R 
S2 R 
Sl R 

S2 R 
S2 R 
S2 R 
52 R 
S2 R 

Sl R 
Sl R 
Sl R 
Sl R 
Sl R 

Sl R 
Sl R 
Sl 'R 
Sl R 
Sl R 

Sl R 
Sl R 
S2 R 

I 
S2 R 
S2 R 

( O"'°b~ 1982 1 
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INDEX J 
type no. book section 

BYV23 S2 R 
BYV24 S2 R 
BYV27 Sl R 
BYV2S Sl R 
BYV30* S2 R 

BYV32* S2 R 
BYV92* S2 R 
BYV95A Sl R 
BYV95B Sl R 
BYV95C Sl R 

BYV96D Sl R 
BYV96E Sl R 
BYW19* S2 R 
BYW25 S2 R 
BYW29* S2 R 

BYW30* S2 R 
BYW31* S2 R 
BYWS4 Sl R 
BYWSS Sl R 
BYWS6 Sl R 

BYW92* S2 R 
BYW93* S2 R 
BYW94* S2 R 
BYW95A Sl R 
BYW95B Sl R 

BYW95C Sl R 
BYW96D Sl R 
BYW96E Sl R 
BYXlO Sl R 
BYX22* S2 R 

BYX25* S2 R 
BYX30* S2 R 
BYX32* S2 R 
BYX3S* S2 R 
BYX39* S2 R } 

BYX42* S2 R 
BYX45* S2 R 
BYX46* S2 R 
BYX49* S2 R 
BYXSO* S2 R 

* =series 
D =Displays 
LED= Light emittting diodes 
Mm = Microminiature semiconductors 

for hybrid circuits 
PhC = Photocouplers 

8 October 1982 

type no. 

BYX52* 
BYX56* 
BYX7l* 
BYX90 
BYX91* 

BYX94 
BYX96* 
BYX97* 
BYX9S* 
BYX99* 

BZT03 
BZVlO 
BZVll 
BZV12 
BZV13 

BZV14 
BZVlS* 
BZV37 
BZV46 
BZV49 

BZVSS 
BZW70* 
BZWS6* 
BZW91* 
BZXSS 

BZX70* 
BZX75 
BZX7S* 
BZX79* 
BZXS4* 

BZX87* 
BZX90 
BZX91 
BZX92 
BZX93 

BZX94 
BZY91* 
BZY93* 
BZY95* 
BZY96* 

book section type no. book 

S2 R CNX21 SS 
S2 R CNX35 SS 
S2 R CNX36 SS 
Sl R CNX3S SS 
Sl R CNY4S SS 

Sl R CNYSO s8 
S2 R CNY52 SS 
S2 R CNY53 SS 
S2 R CNY57 SS 
S2 R CNY57A SS 

Sl Vrg CNY62 SS 
Sl Vrf CNY63 SS 
Sl Vrf CQ209S SS 
Sl Vrf CQ216X SS 
Sl Vrf CQ216Y SS 

Sl Vrf CQ327;R SS 
S2 Vrg CQ330;R SS 
Sl Vrf CQ33l;R SS 
Sl Vrg CQ332;R SS 
Sl Vrg CQ427;R SS 

Sl Vrg CQ430;R SS 
S2 TS CQ43l;R SS 
S2 TS CQ432;R SS 
S2 TS CQLlO SS 
Sl Vrg CQWlO SS 

S2 Vrg CQWll SS 
Sl Vrg CQW12 SS 
S7/Sl Mm/Vrg CQXlO SS 
Sl Vrg CQXll SS 
S7/Sl Mm/Vrg CQX12 SS 

Sl Vrg CQXSl SS 
Sl Vrf CQXS4 SS 
Sl Vrf CQXSS SS 
Sl Vrf CQX56 SS 
Sl Vrf CQXS7 SS 

Sl Vrf CQXSS SS 
S2 Vrg CQX60 SS 
S2 Vrg CQX61 SS 
S2 Vrg CQX62 SS 
S2 Vrg CQX63 SS 

R = Rectifier diodes 
TS = Transient suppressor diodes 
Vrf = Voltage reference diodes 
Vrg =Voltage regulator diodes 

section 

PhC 
PhC 
PhC 
PhC 
PhC 

PhC 
PhC 
PhC 
PhC 
Ph,C 

PhC 
PhC 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
LED 
LED 

LED 
LED 
LED 
LED 
LED 

LED 
LED 
LED 
LED 
LED 

LED 
LED 
LED 
LED 
LED 



type no. book section 

r 
CQX64 S8 LED 
CQX6S S8 LED 
CQX66 S8 LED 
CQX67 S8 LED 
CQX68 S8 LED 

CQX74 S8 LED 
CQX7S S8 LED 
CQX76 S8 LED 
CQX77 S8 LED 
CQX7B S8 LED 

CQYllB S8 LED 
CQYllC SB LED 
CQY24B SB LED 
CQY49B SB LED 
CQY49C SB LED 

CQYSO SB LED 
CQYS2 SB LED 
CQYS4 SB LED 
CQYSBA SB LED 
CQY89A S8 LED 

CQY94 S8 LED 
CQY9S S8 LED 
CQY96 S8 LED 
CQY97 S8 LED 
OA90 Sl GD 

OA91 Sl GD 
OA95 Sl GD 
OM320 SlO WBM 
OM321 SlO WBM 
OM322 SlO WBM 

OM323 SlO WBM 
OM323A SlO WBM 
OM33S SlO WBM 
OM336 SlO WBM 
OM337 SlO WBM 

OM337A SlO WBM 
OM339 SlO WBM 
OM345 SlO WBM 
OM350 SlO WBM 
OM360 SlO WBM 

FET =Field-effect transistors 
GD =Germanium diodes 
I = Infrared devices 
LED= Light emitting diodes 
P = Low-frequency power transistors 
Ph = Photoconductive devices 

type no. 

OM361 
OM370 
OM931 
OM961 
ORP60 

ORP61 
ORP62 
ORP66 
ORP68 
ORP69 

OSB9110 
OSB9210 
OSB9410 
OSM9110 
OSM9210 

OSM9410 
OSM9Sl0 
OSM9Sll 
OSM9Sl2 
OSS9110 

OSS9210 
OSS9410 
PH2222;R 
PH2222A;R 
PH2369 

PH2907;R 
PH2907A;R 
PH40* 
PH70* 
RPYS8A 

RPY82 
RPY84 
RPY85 
RPYB6 
RPYB7 

'• 

RPY88 
RPY89 
RPY90* 
RPY91* 
RPY93 

book 

SlO 
SlO 
S4 
S4 
S8 

S8 
S8 
S8 
S8 
SB 

S2 
S2 
S2 
S2 
S2 

S2 
S2 
S2 
S2 
S2 

S2 
S2 
S3 
S3 
S3 

S3 
S3 
S2 
S2 
S8 

S8 
S8 
S8 
S8 
S8 

S8 
S8 
S8 
S8 
S8 

l INDEX 

section type no. book section 

WBM RPY96 S8 I 
WBM SD20S SS FET 
p SD210 SS FET 
p SD211 SS FET 
Ph SD212 SS FET 

Ph SD213 SS FET 
Ph SD214 SS FET 
Ph SD21S SS FET 
Ph SD217 SS FET 
Ph SD220 SS FET 

St SD222 SS FET 
St SD226 SS FET 
St SD304 SS FET 
St SD306 SS FET 
St 1N821 ;A Sl Vrf 

St 1NB23;A Sl Vrf 
St 1NB2S ;A Sl Vrf 
St 1NB27 ;A Sl Vrf 
St 1N829;A Sl Vrf 
St 1N914 Sl SD 

St 1N916 Sl SD 
St 1N3879 S2 R 
Sm 1N3880 S2 R 
Sm 1N3881 S2 R 
Sm 1N3882 S2 R 

Sm 1N3889 S2 R 
Sm 1N3890 S2 R 
R 1N3891 S2 R 
R 1N3892 S2 R 
Ph 1N3899 S2 R 

Ph 1N3900 S2 R 
Ph 1N3901 S2 R 
Ph 1N3902 S2 R 
I 1N3903 S2 R 
I 1N3909 S2 R 

I 1N3910 S2 R 
I 1N3911 S2 

lJ I 1N3912 S2 
I 1N3913 S2 
I 1N4001G Sl 

R = Rectifier diodes 
SD =Small-signal diodes 
Sm = Small-signal transistors 
St = Rectifier stacks 
Vrf =Voltage reference diodes 
WBM =Wideband hybrid IC modules 
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type no. book section 

r 

1N4002G Sl R 
1N4003G Sl R 
1N4004G Sl R 
1N400SG Sl R 
1N4006G Sl R 

1N4007G Sl R 
1N4148 Sl SD 
1N41SO Sl SD 
1N41Sl Sl SD 
iN41S4 Sl SD 

1N4446 Sl SD 
1N4448 Sl SD 
1N4S31 Sl SD 
1N4S32 Sl SD 
1NSOS9 Sl R 

1NS060 Sl R 
1NS061 Sl R 
1N5062 Sl R 
2N918 SlO. WBT 
2N929 S3 Sm 

2N9'.l0 S3 Sm 
2Nl613 S3 Sm 
2Nl711 S3 Sm 
2Nl893 S3 Sm 
2N2218 S3 Sm 

2N2218A S3 Sm 
2N2219 S3 Sm 
2N2219A S3 Sm 
2N2221 S3 Sm 
2N2221A S3 Sm 

2N2222 S3 Sm 
2N2222A S3 Sm 
2N2297 S3 Sm 
2N2368 S3 Sm 
2N2369 S3 Sm 

2N2369A S3 Sm 
2N2483 S3 Sm 
2N2484 S3 Sm 
2N2904 S3 Sm 
2N2904A S3 Sm 

A =Accessories 
DH = Diecast heatsinks 
F ET= Field-effect transistors 
HE = Heatsink extrusions 
I = Infrared devices 
PDT = Photodiodes or transistors 

10 October 19B2 

type no. 

2N290S 
2N290SA 
2N2906 
2N2906A 
2N2907 

2N2907A 
2N3019 
2N3020 
2N30S3 
2N337S 

2N3SS3 
2N3632 
2N3822 
2N3823 
2N3866 

2N3903 
2N3904 
2N390S 
2N3906 
2N3924 

2N3926 
2N3927 
2N3966 
2N4030 
2N4031 

2N4032 
2N4033 
2N4091 
2N4092 
2N4093 

2N4123 
2N4124 
2N412S 
2N4126 
2N4391 

2N4392 
2N4393 
2N4427 
2N48S6 
2N48S7 

book section type no. book section 

S3 
S3 
S3 
S3 
S3 

S3 
S3 
S3 
S3 
S6 

S6 
S6 
SS 
SS 
S6 

S3 
S3 
S3 
S3 
S6 

S6 
S6 
SS 
S3 
S3 

S3 
S3 
SS 
SS 
SS 

S3 
S3 
S3 
S3 
SS 

SS 
SS 
S6 
SS 
SS 

Sm I 2N48S8 SS FET 
Sm I 2N48S9 SS FET 
Sm ! 2N4860 SS FET 
Sm . 2N4861 SS FET' 
Sm 2NS41S S3 Sm 

Sm 2NS416 S3 Sm 
Sm 61SV sa I 
Sm 368BPY sa PDT 
Sm S620ld S4 A 
RFP S620lj S4 A 

RFP S6230 S2 HE 
RFP S6231 S2 HE 
FET S624S S3,6,10A 
FET S6246 S3,S,10A 
RFP S62S3 S2 

Sm S62S6 S2 
Sm S626la S4 
Sm S6262A S2 
Sm I S6264A S2 
RFP I S6268 S2 

I 
RFP S6290 S2 
RFP S629S S2 
FET S6312 S2 
Sm S6313 S2 
Sm S6316 S2 

Sm I S6317 S2 
Sm S6326 S4 
FET S6333 S4 
FET 56339· S4 
FET 56348 S2 

Sm S63SO S2 
Sm 563S2 S4 
Sm 56353 S4 
Sm S63S4 S4 
FET S63S9b S4 

FET S63S9c S4 
FET S63S9d S4 
RFP S6360a S4 
FET S6363 S2,S4 
FET S6364 S2,S4 

R = Rectifier diodes 
R FP = R. F. power transistors and modules 
SD =Small-signal diodes 
Sm = Small-signal transistors 
WBT =Wideband hybrid IC modules 

DH 

DH 
A 
A 
A 
DH 

HE 
A 
DH 
DH 
A 

A 
A 
A 
A 
DH 

DH 
A 
A 
A 
A 

A 
A 
A 
A 
A 

I 



l INDEX 

type no. book section 

56366 52 A 
56367 52,54 A 
56368a 54 A 
56368b 54 A 
56369 52,54 A 

56378 54 A 
56378 54 A 
56379 54 A 
56387a,b 54 A 

A = Accessories 
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MAINTENANCE TYPE LIST 

The types listed below are not include_d,in this handbook. 

Detailed information will be supplied on request. 

BCY30A to 34A 
BF115 
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Transistors for audio and general purpose applications 

RATINGS 

Vceo le Ptot at 
type number polarity envelope v mA mW 

BC107 45 
BC10B n-p-n T0-18 20 100 300 
BC109 20 

BC146 n-p-n SOT-42 20 50 50 

BC177 45 
BC178 p-n-p T0-18 25 100 300 
BC179 20 

BC200 p-n-p SOT-42 20 50 50 

BC327 45 
BC327A p-n-p T0-92 var. 60 500 800 
BC328 25 

BC337 45 
BC337A n-p-n T0-92 var. 60 500 800 
BC338 25 

BC368 n-p-n T0-92 var. 20 1000 800 

BC369 p-n-p T0-92 var. 20 1000 800 

BC375 n-p-n T0-92 var. 20 1000 800 

BC376 p-n-p T0-92 var. 20 1000 800 

BC546 65 
BC547 n-p-n T0-92 var. 45 100 500 
BC548 30 

BC549 
T0-92 var. 

30 
100 500 

BC550 
n-p-n 

45 

Tamb 
oc 

25 

45 

25 

45 

25 

25 

25 

25 

25 

25 

25 

25 

CHARACTERISTICS 

hFE le fT 
(hfel at mA MHz 

typ, 

(125-500) 
(125-900) 2 >300 
(240-900) 

80-550 0,2 150 

( 75-260) 
(125-500) 2 150 
(125-500) 

50-400 0,2 90 

100-600 100 100 

100-600 100 200 

85-375 500 60 

85-375 500 60 

60-340 150 150 

60-340 150 150 

(125-500) 
(125-900) 2 300 
(125-900) 

(240-900) 2 300 

1111111 

F 
dB 

typ. 

2 
2 

1,2 

2 

-
-

1,2 

2 

-

-

-
-

-
-

2 

1,4 

remarks 

low-noise type 

hearing aids, watches 

low-noise type 

hearing aids, watches 

driver and output stages 

driver and output stages 

class-B audio output stage 

output stage 

driver stage audio amplifier 

low-noise stage 

en 
rn 
r 
rn 
0 
-I 
0 
z 
G) 
c 
0 
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Transistors for audio and general purpose applications 

RATINGS 

Vern le Ptot at 
type number polarity envelope v mA mW 

-
BC556 65 
Be557 p-n-p T0-92 var. 45 100 500 
Be558 30 

BC559 p-n-p T0-92 var. 30 100 500 
BC560 45 

BC635 45 
BC637 n-p-n T0-92 var. 60 1000 1000 
BC639 80 

Be636 45 
BC638 p-n-p T0-92 var. 60 1000 1000 
Be640 80 

-
BCY56 T0-18 

45 
100 300 

BCY57 
n-p-n 

20 

BCY58 T0-18 
32 200 330 

BCY59 
n-p-n 

45 

BCY70 40 
BCY71 p-n-p T0-18 45 200 350 
BCY72 25 

BCY78 T0-18 
32 -200 345 

BCY79 
p-n-p 

45 

BCY87* 
BCY88* p-n-p T0-71 40 30 150 
BCY89* 

* Dual transistors for differential amplifiers. 

Tamb 
oc 

25 

25 

25 

25 

25 

45 

25 

45 

25 

1111111 

CHARACTERISTICS 

hFE at le fy 
(hfel mA MHz 

typ. 

( 75-500) 2 150 

(125-500) 2 150 

40-250 
40-160 150 130 
40-160 

40-250 
40-160 150 50 
40-160 , 

100-450 
2 

85 
200-800 100 

(125-700) 2 280 

>100 10 450 

(125-700) 2 180 

100-450 0,05 >10 

F 
dB 

typ. 

2 

1,2 
1 

-

-

1,5 

2 

2,0 
0,8 
2,0 

2 
~ 

<3 
<4 
<4 

remarks 

driver stage audio amp. 

low-noise types 

driver stage 

driver stage 

-

low-noise types 

switching 

low-noise types 

switching 

)pre-stages of differential amplifiers 

long-tailed pairs 

en m 
fTI 
() 
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c 
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Transistors for audio and general purpose applications 

RATINGS 

Vern le Ptot at Tamb 
type number polarity envelope v mA mW oe 

2N929 T0-18 45 30 300 25 
2N930 

n-p-n 

2N2483 
2N2484 

n-p-n T0-18 60 50* 360 25 

2N4030 60 
2N4031 

T0-39 
80 

1000 800 25 
2N4032 

p-n-p 
60 

2N4033 80 

2N4123 T0-92 30 200 350 25 
2N4124 

n-p-n 
25 

2N4125 T0-92 30 200 350 25 
2N4126 

p-n-p 
25 

Transistors for h.f. applications 

RATINGS 

Vern le Ptot at Tamb 
type number polarity envelope v mA mW oe 

BF180 n-p-n T0-72 20 20 150 25 

BF181 n-p-n T0-72 20 20 150 25 

BF182 n-p-n T0-72 20 15 150 25 

BF183 n-p-n T0-72 20 15 150 25 

* leM· 

CHARACTERISTICS 

hFE at le tr 
(hf el mA MHz 

typ .. 

100-350 
10 80 

150-600 

<500 
10 80 

<800 

40-120 > 100 
40-120 > 100 

100-300 100 > 150 
100-300 > 150 

( 50-200) 
2 >250 

(120-480) >300 
( 50-200) 

2 
>200 

(120-480) >250 

CHARACTERISTICS 

hFE at le ere fr 
mA pF MHz 

typ. typ. 

0,28 675 

0,28 600 

0,33 650 

0,33 800 

1111111 

F 
dB remarks 

typ. 

2,5 low-level, low-noise amplifiers 
2,0 

4 
low-level, low-noise amplifiers 

3 

large-signal, low-noise, 
low-power 

6 
5 small-signal, low-power 
5 
4 

F f 
dB at MHz remarks 

typ. 

5,7 800 gain-controlled u.h.f. 
preamplifier 

6,8 900 mixer osc. u.h.f. band 

7,4 800 mixer in TV tuners 

local osc. in TV tuners en 
m 
r 
m 
() 
-; 
0 z 
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c 
0 
m 
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Transistors for h.f. applications 

type number polarity envelope 

BF198 n-p-n T0-92 var. 

8F199 n-p-n T0-92 var. 

BF200 n-p·n T0-72 

8F240 T0-92 var. 
BF241 

n-p-n 

BF324 p·n·p T0-92 var. 

BF336 
BF337 n-p-n T0-39 
BF338 

BF370 n-p-n T0-92 var. 

8F422 n-p-n T0-92 var. 

BF423 p-n-p T0-92 var. 

BF450 T0-92 var. 
8F451 

p-n-p 

BF480 n·p·n SOT-37 

8F494 n-p-n T0-92 var. 

8F495 n-p-n T0-92 var. 

BF496 n-p·n T0-92 var. 

-+ erb· ** T mb· 

Veeo 
v 

30 

25 

20 

40 

30 

180 
200 
225 

15 

250 

250 

40 

15 

20 

20 

20 

RATINGS 

le Ptot t Tamb hfE at 
mA mW a oe 

25 500 25 > 10 

25 500 25 >38 

20 150 25 > 15 

25 250 25 67-220 
36-125 

25 250 45 typ.50 

100 3000 140** >20 

100 500 25 >40 

50 830 25 >50 

50 830 25 >50 

25 250 45 62-200 
30-90 

20 200 60 typ.28 

30 300 75 typ.115 

30 300 75 typ.67 

20 300 75 > 12 

1111111 

CHARACTERISTICS 

le ere fT 
mA pf MHz 

typ. typ. 

15 0,20 400 
. 7 0,30 550 

3 0,28 650 

1 0,34 380 
350 

4 0,10* 450 

30 3,5 80 

10 1,6 >500 

25 1,0 > 60 

25 1, 1 > 60 

1 0,35 325 

10 2000 

1 0,85 260 

1 0,85 200 

2 0,80 550 

F f 
dB at MHz 

typ. 

3 35 

2,7 200 

3,5 0,2 

3 100 

2 100 

3,8 800 

4 100 

4 100 

2 100 

remarks 

gain-controlled TV i.f. am~ 

output video i.f. amp. 

gain-controlled v.h.f. amp. 

a.m. mixers and i.f. amp. 
in a .m ./f .m. receivers 

r.f. stages in f.m. front-end 

video output stages 

large signal, i.f. amp. 

class-8 video output 

class-8 video output 

mixer stages in a.m. receive 
and i.f. stages for a.m./f.m. 

r.f. osc. stages in TV tuner! 

f.m. tuners, a.m. mixer-
osc., i.f. amp. in a.m./f.m. 
receivers 

f.m. tuners, i.f. amp. in 
a.m./f.m. receivers and 
a.m. input stages car radios 

gain-controlled v.h.f. amp. 
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Transistors for h.f. applications 

RATINGS 

type number polarity envelope VcEO le Ptot at Tamb 
v mA mW 0 c 

BF926 p-n-p T0-92 var. 20 25 250 45 

BF936 p-n-p T0-92var. 20 25 250 45 

BF939 p-n-p T0-92 var. 25 20 225 55 

BF967 p-n-p SOT-37 30 20 160 55 

BF970 p-n-p SOT-37 35 30 160 55 

BF979 p-n-p SOT-37 20 30* 140 55 

BFR54 I n-p-n T0-92var. 15 500* 500 25 

BFY50 35 
BFY51 n-p-n T0-39 30 1000 5000 50** 
BFY52 20 

BFY55 n-p-n T0-39 35 1000 800 25 

2N2297 n-p-n T0-39 35 1000 800 25 

For data on tetrode-MOS-FET types for v.h.f./u.h.f. 
applications see Handbook part 5 

Transistors for switching applications 

RATINGS 

type number polarity envelope VcEO le Ptot t Tamb 
v mA- rriW a oc 

BCY58 
T0-18 

32 
200 

BCY59 
n-p-n 

45 
330 45 

*'CM· ** T mb· 

CHARACTERISTICS 

hFE le Cre fT F f 
at 

mA pF MHz dB at MHz remarks 
typ. typ. typ. typ. 

>30 1 0,5 350 5 200 mixer/osc. in v.h.f./u.h.f. 

>25 1 0,9 350 5 200 mixer/osc. in v.h.f./u.h.f. 

> 16 2 0,7 750 2,5 200 gain-controlled v.h.f. amp. 

> 15 3 0,45 900 4 800 gain-controlled u.h.f. amp. 

>25 3 0,475 900 4,7 800 self-osc. u.h.f. mixer stage 

>20 10 0,65 1350 4,5 800 r.f. stages in u.h.f. tuners 

>40 10 >500 freq. multipliers 

112 140 
123 150 160 

general purpose industrial 

142 185 
and switching applications 

>40 150 >60 

40-120 150 >60 

CHARACTERISTICS 

hFE at le fT 1off at le 
mA MHz ns mA remarks 

typ. max. 

80-1000 10 280 800 10 
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Transistors for switching applications 

type number polarity envelope Veeo 
v 

-

BeY70 40 
BeY71 p-n-p . T0-18 45 
BeY72 25 

BeY78 
T0-18 

32 
BeY79 

p-n-p 
45 

BFT44 
T0-39 

300 
BFT45 

p-n-p 250 

BFX34 n·p·n T0-39 60 

BFY50 35 
BFY51 n-p-n T0-39 30 
BFY52 20 

8SR50 45* 
BSR51 n-p-n T0-92 var. 60* 
BSR52 so* 

BSR60 45 * 
BSR61 p-n-p T0-92 var. 60 * 
BSR62 80 * 

BSS38 n-p-n T0-92 var. 100 

BSS50 45 * 
BSS51 n-p-n T0-39 60 * 
BSS52 80 * 
BSS60 45 * 
BSS61 p-n-p T0-39 60* 
BSS62 80* 

BSS68 p-n-p T0-92var. 100 

*VcER· **Tease· 

RATINGS 

le Ptot at Tamb 
mA mW oe 

200 350 25 

200 ·345 45 

500 5000 50** 

2000 5000 25** 

1000 5000 50** 

1000 800 25 

1000 800 25 

100 500 25 

1000 5000 25** 

1000 5000 25** 

100 500 25 

UlllH 

CHARACTERISTICS 

hFE at le fy toff at le 
mA MHz ns mA 

typ. max. 

420 10 
> 100 10 450 

420 10 

80-1000 10 180 800 10 

50-150 10 7_0 125 500 

40-150 2000 >70 1200 5000 

typ. 112 140 
typ. 123 150 160 360 150 
typ. 142 185 

>2000 500 1500 500 

>2000 500 1500 _500 

>20 4 >60 1000 15 

>2000 500 1000 500 

>2000 500 1500 500 

>30 25 >SO 

remarks 

BeY71 is low-noise version 

amplifying and switching 

inverter and switching regulators 

general purpose 

Darlington transistors 

Darlington transistors 

driver for numerical indicator tubes 

Darlington transistors 

Darlington transistors 

general purpose 
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Transistors for switching applications 

VcEO 
type number polarity envelope (Vcrnl 

v 
BSV15 40 
BSV16 p-n-p T0-39 60 
BSV17 80 

BSV64 n-p-n T0-39 60 

BSW66A 100 
BSW67A n-p-n T0-39 120 
BSW68A 150 

BSX19 T0-18 15 
BSX20 

n-p-n 

BSX45 40 
BSX46 n-p-n T0-39 60 
BSX47 80 

BSX59 45 
BSX60 n-p-n T0-39 30 
BSX61 45 

PH2222;R T0-92 var. 30 
PH2222A;R 

n-p-n 
40 

PH2369 n-p-n T0-92 var. 15 

PH2907;R . T0-92 var. 40 
PH2907A;R 

p-n-p 
60 

2N1613 n-p-n T0-39 (50) 

2N 1711 n-p-n T0-39 (50) 

2N1893 n-p-n T0-39 80 

2N2218 T0-39 30 
2N2218A 

n-p-n 
40 

2N2219 T0-39 30 
2N2219A 

n-p-n 
40 

* T case· **ICM· 

RATINGS 

le Ptot at Tamb 
mA mW oc 

1000 5000 25* 

2000 5000 50* 

1000 5000 25* 

500*~ 360 25 

1000 6250 25* 

1000 800 25 

800 625 25 

500** 500 25 

600 625 25 

500** 800 25 

1000** 800 25 

500 3000 25* 

800 800 25 

800 800 25 

CHARACTERISTICS 

hFE at le fT toff at le 
mA MHz ns mA 

typ, max. 

40-250 100 >50 650 100 

>40 2000 100 1200 5000 

>30 500 130 900 500 

20-60 
10 >400 15 10 

40-120 >500 18 

40-250 
40-250 100 >50 850 100 
40-160 

450 60 
30-90 500 475 70 500 

475 100 

>75 10 >250 285 150 
>300 

40-120 10 >500 18 10 

100-300 150 >200 100 150 

40-120 150 >60 

100-300 150 >70 

40-120 150 >50 

40-120 .150 >250 
285 150 

100-300 150 > 250 
>300 285 150 

1111111 

remarks 

general purpose 

high-current saturation characteristics 

general purpose 

high-speed saturated switching and 
h.f. amplifier applications 

general purpose 

very high speed core-driving purposes 

d.c. and high-speed amplifiers 

high-speed switching 

high-speed switching 
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Transistors for switching applications 

RATINGS 
0 
g 
CT 
!!l 

type number polarity envelope VeEO le Ptotat Tamb 
(VeERI mA (Teasel 

v mW oe -cg 

~ 
2N2221 

T0-18 
30 

800 500 25 
2N2221A 

n-p-n 40 

2N2222 
T0-18 

30 
800 500 25 

2N2222A 
n-p-n 40 

2N2368 T0-18 15 ' 500* 360 25 
2N2369 

n-p-n 

2N2369A n-p-n T0-18 15 200 360 25 

2N2904 
T0-39 

40 
600 600 25 

2N2904A 
p-n-p 60 

2N2905 
T0-39 

40 
600 600 25 

2N2905A 
p-n-p 60 

2N2906 
T0-18 

40 
600 400 25 

2N2906A 
p-n-p 60 

2N2907 
T0-18 

40 
600 400 25 

2N2907A 
p-n-p 60 

2N3019 
T0-39 80 1000 800 25 

2N3020 
n-p-n 

2N3053 n-p-n T0-39 40 700 5000 (25) 

2N3903 
2N3904 

n-p-n T0-92 40 200 350 25 

2N3905 p-n-p T0-92 40 200 350 25 
2N3906 
2N4030 60 
2N4031 

T0-39 
80 

1000 800 25 
2N4032 

p-n-p 60 
2N4033 80 

2N5415 
T0-39 

200 
1000 1000 50 

2N5416 
p-n-p 300 

* leM· **Typical value. 

1111111 

CHARACTERISTICS 

hFE at le fT tott at le 
mA MHz ns mA 

typ. max. 

40-120 150 250 
285 150 

100-300 150 
250 
300 285 150 

20-60 10 >400 15 10 
40-120 10 >500 18 10 

>40 10 >500 18 10 

40-120 150 >200 100 150 

100-300 150 >200 100 150 

40-120 150 >200 100 150 

100-300 150 >200 100 150 

100-300 150 > 100 
40-120 150 >BO 

50-250 150 > 100 - -

50-150 10 >250 225 10 
100-300 10 >300 250 10 

50-150 10 >200 260 10 
100-300 >250 300 
>25 500 > 100 
>25 500 > 100 

400 500 
>70 500 > 150 
>70 500 > 150 

30-150 50 
> 15 850** 50 

30-120 50 

remarks 

high-speed switching 

high-speed switching 

very high speed saturated switching 

very high speed saturated switching 

'high-speed switching and driver 
applications 

high-speed switching and driver 
applications 

high-speed switching and driver 
applications 

high-speed switching and driver 
applications 

amplifiers and medium-speed switchin 

medium-speed switching 

high-speed saturated switching 

large signal, low-noise, low-power 

high-voltage general purpose 
amplifier applications 
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P-N-P-N DEVICES 

Programmable unijunction transistors 

RATINGS CHARACTERISTICS 

type number envelope VGA IA !ARM dlA/dt Ip Iv tr remarks v mA A A/µs µA µA ns 
max. min. max. 

BRY39 T0-72 70 175 2,5 20 5 25 80 characteristics measured with R G = 10 k.Q 

BRY56 T0-92 var. 70 175 2,5 20 5 2 80 characteristics measured with RG = 10 k.Q 

Silicon controlled switches 

RATINGS CHARACTERISTICS 

type number envelope Vcso IE IERM Ptot at Tamb VAK IH ton tq 
v mA A mW oc v mA µs µs remarks 

max. max. max. max. 

BR101 T0-72 50 175 2,5 275 25 1,4 1,0 - - characteristics measured with RKG·K = 10 k.Q 

BRY39 T0-72 70 175 2,5 275 25 1,4 1,0 1,5 8 characteristics measured with R KG·K = 10 k.Q 

Thyristor tetrode 

RATINGS CHARACTERISTICS at Tj = 25 oc 

type number envelope IT ITRM ITSM dlT/dt VGKT IGKT VGAT IGAT tq 
mA A A A/µs v µA v µA µs remarks 

min. min. min. min. max. 

BRY39 T0-72 250 2,5 3 20 0,5 1 -1 -100 3 VRRMmax = 70 V 
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-TYPE NUMBER SURVEY -----



TYPE NUMBER 
SURVEY 

In this alphanumeric list we present all small-signal transistors mentioned in this handbook. 

type polarity envelope Vern le type polarity envelope Vern 
number v mA number v 

Be107 n-p-n T0-18 45 100 BeY57 n-p-n T0-18 20 
Be108 n-p-n T0-18 20 100 BCY58 n-p-n T0-18 32 
Be109 n-p-n T0-18 20 100 BCY59 n-p-n T0-18 45 
Be146 n-p-n SOT-42 20 50 BCY70 p-n-p T0-18 40 
Be177 p-n-p T0-18 45 100 BCY71 p-n-p T0-18 45 

Be178 p-n-p T0-18 25 100 BeY72 p-n-p T0-18 25 
Be179 p-n-p T0-18 20 100 BeY78 p-n-p T0-18 32 
Be200 p-n-p SOT-42 20 50 BeY79 p-n-p T0-18 45 
Be327 p-n-p T0-92 var. 45 500 BeY87 n-p-n T0-71 40 
Be327A p-n-p T0-92 var. 60 500 BCY88 n-p-n T0-71 40 

Be328 p-n-p T0-92 var. 25 500 BCY89 n-p-n T0-71 40 
BC337 n-p-n T0-92 var. 45 500 BF180 n-p-n T0-72 20 
Be337A n-p-n T0-92 var. 60 500 BF181 n-p-n T0-72 20 
Be338 n-p-n T0-92 var. 25 500 BF182 n-p-n T0-72 20 
BC368 n-p-n T0-92 var. 20 1000 BF183 n-p-n T0-72 20 

BC369 p-n-p T0-92 var. 20 1000 BF197 n-p-n SOT-25 25 
BC375 n-p-n T0-92 var. 20 1000 BF198 n-p-n T0-92 var. 30 
BC376 p-n-p T0-92 var. 20 1000 BF199 n-p-n T0-92 var. 25 
BC546 n-p-n T0-92 var. 65 100 BF200 n-p-n T0-72 20 
BC547 n-p-n T0-92 var. 45 100 BF240 n-p-n T0-92 var. 40 

BC548 n-p-n T0-92 var. 30 100 BF241 n-p-n T0-92 var. 40 
BC549 n-p-n T0-92 var. 30 100 BF324 p-n-p T0-92 var. 30 
BC550 n-p-n T0-92 var. 45 100 BF370 n-p-n T0-92 var. 15 
BC556 p-n-p T0-92 var. 65 100 BF422 n-p-n T0-92 var. 250 
BC557 p-n-p T0-92 var. 45 100 BF423 p-n-p T0-92 var. 250 

BC558 p-n-p T0-92 var. 30 100 BF450 p-n-p T0-92 var. 40 
BC559 p-n-p T0-92 var. 30 100 BF451 p-n-p T0-92 var. 40 
BC560 p-n-p T0-92 var. 45 100 BF480 n-p-n SOT-37 15 
Be635 n-p-n T0-92 var. 45 1000 BF494 n-p-n T0-92 var. 20 
Be636 p-n-p T0-92 var. 45 1000 BF495 n-p-n T0-92 var. 20 

Be637 n-p-n T0-92 var. 60 1000 BF496 n-p-n T0-92 var. 20 
BC638 p-n-p T0-92 var. 60 1000 BF926 p-n-p T0-92 var. 20 
BC639 n-p-n T0-92 var. 80 1000 BF936 p-n-p T0-92 var. 20 
BC640 p-n-p T0-92 var. 80 1000 BF939 p-n-p T0-92 var. 25 
BeY56 n-p-n T0-18 45 100 BF967 p-n-p SOT-37 30 

October 1982 

le 
mA 

100 
200 
200 
200 
200 

200 
200 
200 
30 
30 

30 
20 
20 
15 
15 

25 
25 
25 
20 
25 

25 
25 

100 
50 
50 

25 
25 
20 
30 
30 

20 
25 
25 
20 
20 



type 
number 

BF970 
BF979 
BFR54 
BFT44 
BFT45 

BFX29 
BFX30 
BFX34 
BFX84 
BFX85 

BFX86 
BFX87 
BFX88 
BFY50 
BFY51 

BFY52 
BFY55 
BR101 
BRY39 
BRY56 

BSR50 
BSR51 
BSR52 
BSR60 
BSR61 

BSR62 
BSS38 
BSS50 
BSS51 
BSS52 

BSS60 
BSS61 
BSS62 
BSS68 
BSV15 

BSV16 
BSV17 
BSV64 
BSW66A 
BSW67A 

BSW68A 
BSX19 
BSX20 
BSX45 
BSX46 

* ICM· 
** VcER· 

polarity envelope 

p·n·p SOT-37 
p-n-p SOT-37 
n-p-n T0-92 var. 
p-n-p T0-39 
p-n-p T0-39 

p-n-p T0-39 
p-n-p T0-39 
n-p-n T0-39 
n-p-n T0-39 
n-p-n T0-39 

n-p-n T0-39 
p-n-p T0-39 
p-n-p T0-39 
n-p-n T0-39 
n-p-n T0-39 

n-p-n T0-39 
n-p·n T0-39 
p-n-p-n T0-72 
p-n-p-n T0-72 
p-n-p-n T0-92 var. 

n-p-n T0-92 var. 
n-p-n T0-92 var. 
n-p-n T0-92 var. 
p-n-p T0-92 var. 
p-n-p T0-92 var. 

p-n-p T0-92 var. 
n-p-n T0-92 var. 
n-p-n T0-39 
n-p-n T0-39 
n-p-n T0-39 

p-n-p T0-39 
p-n-p T0-39 
p-n-p T0-39 
p-n-p T0-92 var. 
p-n·p T0-39 

p-n-p T0-39 
p-n-p T0-39 
n-p-n T0-39 
n-p·n T0-39 
n-p-n T0-39 

n-p-n T0-39 
n-p-n T0-18 
n-p-n T0-18 
n-p-n T0-39 
n-p-n T0-39 

Vern 'c 
v mA 

35 30 
30 30* 
15 500* 

300 500 
250 500 

60 600 
65 600 
60 2000 
60 1000 
60 1000 

35 1000 
50 600 
40 600 
35 1000 
30 1000 

20 1000 
35 1000 
50 175 
70 175 
70 175 

45** 1000 
60** 1000 
BO** 1000 
45** 1000 
60** 1000 

80** 1000 
100 100 
45** 1000 
60** 1000 
80** 1000 

45** 1000 
60** 1000 
BO** 1000 

100 100 
40 1000 

60 1000 
80 1000 
60 2000 

100 1000 
120 1000 

150 1000 
15 500* 
15 500* 
40 1000 
60 1000 

type polarity envelope 
number 

BSX47 n-p-n T0-39 
BSX59 n-p·n T0-39 
BSX60 n-p-n T0-39 
BSX61 n-p·n T0-39 
BSY95A n·p-11 T0-18 

PH2222;R n-p-n T0-92 var. 
PH2222A n-p-n T0-92 var. 
PH2222AR n-p-n T0-92 var. 
PH2369 n-p-n T0-92 var. 
PH2907 ;R p-n·p T0-92 var. 

PH2907A p-n-p T0-92 var. 
PH2907AR p-n-p T0-92 var. 
2N929 n·p-n T0-18 
2N930 n·p-n T0-18 
2N1613 n-p-n T0-39 

2N 1711 n·p-n T0-39 
2N1893 n-p-n T0-39 
2N2218 n·p-n T0-39 
2N221BA n·p·n T0-39 
2N2219 n-p-n T0-39 

2N2219A n·p-n T0-39 
2N2221 n·p-n T0-18 
2N2221A n-p-n T0-18 
2N2222 n-p-n T0-18 
2N2222A n-p-n T0-18 

2N2297 n-p-n T0-39 
2N2368 n-p-n T0-18 
2N2369 n-p·n T0-18 
2N2369A n-p-n T0-18 
2N2483 n-p·n T0-18 

2N2484 n-p-n T0-18 
2N2904 p-n-p T0-39 
2N2904A p-n-p T0-39 
2N2905 p·n·p T0-39 
2N2905A p-n-p T0-39 

2N2906 p-n·p T0-18 
2N2906A p-n-p T0-18 
2N2907 p·n·p T0-18 
2N2907A p·n·p T0-18 
2N3019 n·p-n T0-39 

2N3020 n-p-n T0-39 
2N3053 n-p-n T0-39 
2N3903 n-p-n T0-92 
2N3904 n-p-n T0-92 
2N3905 p-n-p T0-92 

TYPE f\JLJMBER 
SURVEY 

VcEO 
v 

80 
45 
30 
45 
15 

30 
40 
40 
15 
40 

60 
60 
45 
45 
50** 

50** 
80 
30 
40 
30 

40 
30 
40 
30 
40 

35 
15 
15 
15 
60 

60 
40 
60 
40 
60 

40 
60 
40 
60 
80 

80 
40 
40 
40 
40 

I c 
A m 

10 
10 
10 
10 

1 

8 
8 
8 
5 
6 

6 
6 

00 
00 
00 
00 
00 

00 
00 
00 
oo• 
00 

00 
00 
30 
30 

10 00* -
10 00 
5 00 
8 00 
8 00 
8 00 

8 00 
8 00 
8 00 
8 00 
8 00 

10 00 
5 00* 
5 00"' 
2 00 

50* 

50* 
6 00 
6 00 
6 00 
6 00 

6 00 
6 00 
6 00 
6 00 

10 00 

10 00 
7 00 
2 00 
2 00 
2 00 

2 
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--TY_P_E_N_U_M_B_E_R_jl SURVEY . 

type polarity envelope VcEO le 
number v mA 

2N3906 p-n-p T0-92 40 200 
2N4030 p-n-p T0-39 60 1000 
2N4031 p-n-p T0-39 80 1000 
2N4032 p-n-p T0-39 60 1000 
2N4033 p-n-p T0-39 80 1000 

2N4123 n-p-n T0-92 30 200 
2N4124 n-p-n T0-92 25 200 
2N4125 p-n-p T0-92 30 200 
2N4126 p-n-p T0-92 25 200 
2N5415 p-n-p T0-39 200 1000 

2N5416 p-n-p T0-39 300 1000 

-----

3 October 1982 



CECC 
APPROVED TYPES --



J 
Products approved to CECC, available on request. 

Type CECC number Type CECC number 

BC107 50 002-076 BSW66A 
BC108 077 BSW67A 50 004-040 
BC109 078 BSW68A 

BCY56 
50 002-164 BSX45 

BCY57 BSX46 50 002-174 

BCY58 50 002-030 BSX47 

BCY59 031 2N1613 50 002-104 

BCY70 50 002-079 2N1711 50002-104 
BCY71 080 2N1893 50 002-104 
BCY72 081 

2N2218 
50004-29 BF967 50 002-127 2N2218A 

BFX29 2N2219 
BFX87 50 002-071 2N2219A 

50 004-029 

BFX8B 
2N2221 

BFX30 50 004-083 2N2221A 
50 004-030 

BFX34 50 004-025 2N2222 
50 004-030 

BFX84 I 2N2222A - BFX85 50 004-100 - J 2N2904 
BFX86 2N2904A 

50 002-102 

BFY50 1 2N2905 
BFY51 

J 
50002-089 2N2905A 

50 002-102 

BFY52 
2N2906 

50 002-103 BSS50 

} 2N2906A 
BSS51 50 004-073 
BSS52 2N2907 

50 002-103 
2N2907A 

BSS60 
2N3019 BSS61 50 004-074 50 002-175 

BSS62 2N3020 

BSV15 2N4030 

BSV16 50 002-131 2N4031 50 002-131 

BSV17 2N4032 

BSV64 50 004-00B 2N4033. 
50 002-131 
50 004-043 
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PRO ELECTRON TYPE DESIGNATION CODE 

FOR SEMICONDUCTOR DEVICES 

TYPE 
DESIGNATION 

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

A basic type number consists of: 

TWO LETTERS FOLLOWED BY A SERIAL NUMBER 

FIRST LETTER 

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

A. GERMANIUM or other material with band gap of 0,6 to 1,0 eV. 
B. SI LI CON or other material with band gap of 1,0 to 1,3 eV. 
C. GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more. 
R. COMPOUND MATERIALS (e.g. Cadmium-Sulphide). 

SECOND LETTER 

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

A. DIODE; signal, low power 
B. DIODE; variable capacitance 
C. TRANSISTOR; low power, audio frequency (Rthj-mb > 15 °c/W) 
D. TRANSISTOR; power, audio frequency (Rth j-mb..; 15 °C/W) 
E. DIODE; tunnel 
F. TRANSISTOR; low power, high frequency (Rthj·mb > 15 OC/W) 
G. MULTIPLE OF DISSIMILAR DEVICES - MISCELLANEOUS; e.g. oscillator 
H. DIODE; magnetic sensitive 
L. TRANSISTOR; power, high frequency (Rthj·mb.,.;; 15 °C/W) 
N. PHOTO-COUPLER 
P. RADIATION DETECTOR; e.g. high sensitivity phototransistor 
0. RADIATION GENERATOR; e.g. light-emitting diode (LED) 
R. CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rthj·mb > 15 OC/W) 
S. TRANSISTOR; low power, switching (Rthj·mb > 15 °c/W) 
T. CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (Rthj·mb.,.;; 15 °C/W) 
U. TRANSISTOR; power, switching (Rth j-mb.,.;; 15 °C/W) 
X. DIODE: multiplier, e.g. varactor, step recovery 
Y. DIODE; rectifying, booster 
Z. DIODE; voltage reference or regulator (transient suppressor diode, with third letter W) 

( ··~· 1978 
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TYPE l 
DESIGNATION 

--.~~~~~~~~~~~~~~~~~~~~~~~~~~-

SERIAL NUMBER 

Three figures, running from 100 to 999, for devices primarily intended for consumer equipment. 
One letter (Z, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for 
industrial/professional equipment. 
This letter has no fixed meaning except W, which is used for transient suppressor diodes. 

VERSION LETTER 

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

SUFFIX 

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

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

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

3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS: 
ONE NUMBER 
The NUMBER indicates the rated maximum repetitive peak reverse voltage (VRRM) ?r the rated 
repetitive peak off-state voltage (Vo RM), whichever is the lower. Reversed polarity is indicated by 
letter R, immediately after the number. 

4. RADIATION DETECTORS: ONE NUMBER, preceded by a hyphen (-) 
The NUMBER indicates the depletion layer in µm. The resolution is indicated by a version LETTER. 

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

The rating systems described are those recommended by the International Electrotechnical Commission 
(I EC) in its Publication 134. 

DEFINITIONS OF TERMS USED 

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

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

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

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

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

Note 
Limiting conditions may be either maxima or minima. 

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

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

ABSOLUTE MAXIMUM RATING SYSTEM 

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

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

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

October 1977 
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DESIGN MAXIMUM RATING SYSTEM 

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

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

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

DESIGN CENTRE RATING SYSTEM 

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

These values are chosen by th'e 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. 

October 1977 
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LETTER SYMBOLS 

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

LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS 

Basic letters 

The basic letters to be used are : 

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

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

Subscripts 

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

R, r 

(RMS) , (rms) 

S, s 

X,x 
Z, z 

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

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

f 
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. 

February 1974 
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LETTER SYMBOLS 

Upper-case subscripts shall _be used for the indication of: 

a) continuous (ct. 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 Ibm 

d) average values 
Example Ib(av) 

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

Additional rules for subscripts 

Subscripts for currents 

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

Diodes: 

2 

Examples: IB, iB, ib, Ibm 

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

Examples: Ip, IR, ip, If(rms) 

11 
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LETTER SYMBOLS 

Subscripts for voltages 

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

Diodes: 

Examples: VBE' vBE' vbe' Vbem 

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

Examples: VF, VR, vF, Vrm 

Subscripts for supply voltages or supply currents 

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

Examples: V CC' IEE 

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

Example : V CCE 

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

Subscripts for multiple devices 

Examples: 1sz = continuous (d: c.) current flowing 
into the second base terminal 

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

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

February 1974 

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

V lC-ZC = continuous (d. c.) voltage between 
the collector terminals of the 
first and the second unit. 
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LETTER SYMBOLS 

11 

Application of the rules 

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

collector 
current 

lc(avJ 

I 
le 

(no signal) 

0 '------'---! ___,____,____,___ __ _,___ 
time n 5s98• 

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; 

4 II 
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LETTER SYMBOLS 

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

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

b) all inductances and capacitances. 

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

Subscripts 

General subscripts 

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

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

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

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

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

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

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

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

Ze = Re+ 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 

February 1974 

II 
5 



--

LETTER SYMBOLS 

Subscripts for four-pole matrix parameters 

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

Examples: hi (or h11) 
h (or h22) 
h~ (or h21J 
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 h21~) 
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 hib 

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

6 
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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 (usually 
10 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 of power transistors specifically designed for switching 
inductive loads some extension may be allowed, but then only under specified conditions of collector 
current, base-emitter voltage and emitter-base resistance as stated in the relevant data sheets. 

Power dissipation 

Maximum power dissipation 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. Ptotmax applies up to 
the stated temperature; above it derating must be applied. A power derating curve of the form shown 
in Fig. 1a and 1b given in the data sheets. With it, maximum allowable power dissipation can be 
calculated for any mounting base temperature up to Tj max· 
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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""' lcVcE· 
Heat dissipated in the collector-base junction flows through the thermal resistance between junction 
and mounting base, see Fig. 2. 

junction mounting 
base 

j Rth j-mb mb 

Ptot -- o---c::::::J--- -

'-~Tj-mb _j 
Tj Tmb 

7289359 

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

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

Tj-Tmb 
Ptot=-o'---

Rthj-mb 

There are two limitations to Ptot 
- When T mb < T mb spec 

ClTj-mbmax 
Ptot max = _R ___ _ 

thj-mb 

- when T mb > T mb spec 

LlTj max -T mb 
Ptotmax = R 

thj-mb 

T mb spec being the mounting base temperature at which Ptot max is specified in the data sheets, and 

fl Tj-mb max= Tj max - T mb spec 

For pulsed operation a higher dissipation is permitted, because 

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

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



Analogy with 

Tj-T mb 
Ptot = --'R'-t-h-j-m-b 

yields 

Tj-Tmb 
p ----
tot M - Zth j-mb 

where Ptot Mis 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 o = 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. 

Zth j-mb 

7Z730191 

Zth (0=1) curve 
made to coincide 
with Rth J-mb curve 

pulse duration tp 

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

Similar limitations apply as in the steady-state conditions: 

(a) When T mb,,,,; T mb spec 

Tj-mbmax 
Ptot M max= z h. b 

t l-m 

(b) When T mb > T mb spec 

Tj max -Tmb 
Ptot M max = z h . b 

t l-m 
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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 

t2 

Ptot max · tp = J P · tp-
11 

7,5 7289360 

i-+-+--+-t-+-+-+-<>--+--+-:f+-' equ i va I ent -+-

1-+-+--+-t-+-+-+-<>--+--+-+l /ectangu I ar ~ 
1-+-+--+-t-+-+-+-<i--+-1-J/f p u I se -+-

Second breakdown 

Ptot 

(W) 
!L IZJd.. 

5 t-t-+-+-t--~*7liz'+":v,f-,t'Itt-1r-+I+-+-+-'~ 

k:UJL J 

IL~ ll 

Fig. 4. 

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

J"'' 19811 
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THE SOAR BOUNDARIES 

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

The upper boundary is formed by lemax• which extends to where the product of lemax and VeE 
equals the maximum allowable power dissipation. From this point le must be reduced with increasing 
VeE, 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 mbspec• 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 hi.gh values of T mb• the second breakdown boundary may be excluded altogether. 

100 

le 
(Al 

10 

0,1 
1 

7273000 

vlc limit 

]"'-. vt1 L'.i 

::x 

1: 
\ 

~ 
h 

f.1 

10 

Ptot 
imit I 

second 
breakdown 
imit I 

y 
( 

VcE limit 

VCEOmaxl 

100 

Fig. 5 A typical SOAR graph with boundaries named. 

EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION 

The data sheets for power transistors contain, apart from the d.c. SOAR, a set of curves that apply 
under specific pulse conditions. These will cover some 90% of applications. In addition to these, 
SOAR curves can be constructed by the circuit designer for specific operating conditions. The various 
extensions dealt with below will refer to Figs 5,6 and 8. 
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lcMmax 
The extent to which the le boundary can be extended for pulse operation depends on pulse duration 
and duty factor, the limit being lcMmax• which applies at a duty factor of 0,01 and a pulse length of 
20 ms or less. Together the I CM max and VcEOmax boundaries form a rectangle that in no circumstance 
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power 
dissipation and secor;id breakdown. The example shown in Fig. 6 is for an lcMmax of 12 A and a 
VcEOmax of 60 V. 

'c 
(A) 

10 

7Z89357 

lcMmax 
~ 

le max _:s;: ~ 
~ h... 

""" ~ 

~ 

VcEOmax, 

l lll 
10 

VcE (V) 

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



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 

Tj max -Tmb 
PtotMmax = z 

thj-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 PtotMmax 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 spec= 25 °c; tp = 0,2 ms and o = 0, 1. 

From Fig. 7, Zthj-mb = 0,42 K/W for the given 11alues of tp and o. 

150-80 
PtotMmax = 042 = 166 W. 

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

Z th j-mb t---+-+++++t-tt-------11--t-+-t-t++++--+-+-+-++++++--+--+-1-+1-++++--+-+++++t-H---l--l--+--H+++l 
(K/Wlt---+-+-l++-++t+-+-+-+++++H--l--l-H+++1+--+-+++l+l-l+--+-~1-+++t+1--l-+-l-+-l-l+l-I 

0,05 ~ 
0 !-'O o,1 "Fl--++1+++--H+f-++!f+f----+-++++ffill--++H-1+1-1-l---l---l-J.--l-hl-l-l+---l-f-l--1--W-l-l-l 

10-s 10 

Fig. 7 Transient thermal impedance for example. 
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Second breakdown 

The permissible exte,nsion to the second breakdown boundary is found with the aid of two multi
plying factors: 

Mv - the voltage multiplying factor 
M1 - the current multiplying factors.* 

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

0,1 
la) 

tP (ms) 10 

-~ -i--1 ti 
1'-~-'--'--'-L....1...L..U..L....~-'--'--'-L...l...J...U..L....~-'--'--'-1....1...U.U 
0,01 0,1 tp (ms) ' 10 

(b) 

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

Mv is used to calculate the point on the V CEOmax boundary at which voltage derating must 
commence as le increases. Similarly, Mi is used to calculate the point on the lcMmax line at which 
current derating must commence as V CE increases. 

*Prior to 1973 Mv was known as 'Y!SB(I) and Mi as Msa(V)· 
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Referring to Fig. 9,.where B is the point on the V CEOmax boundary at which voltage derating 
commences, B' can be calculated by: 

le(B') = le(B) x M,. 

Similarly for le; although here A, the point on the le curve at which current derating commences, is 
first determined by extending the second breakdown boundary to where the two would intersect if 
Ptot max did not intervene. A' is then given by 

VeA(S') = VeE(A) x My. 

le 
(A) 

leMmax 

7289356 

PtotMmax 
(Tmb,,;; B0°C) 

10 
/ I I 

le max ~A,·= rectangular pulse 
~ :I ~l ~ operation 

1-- p _/.i:!:~ ~ ~ 8 = 0, 1 , tp = 0,2 ms 
I-- totmaxK -~ 
t-- (Tmb,;;; 25°e) ~~ 

d.c. I _K 
operation~ B11 

~ 

\ 

B 

~mo max 

10 VeE (V) 

Fig. 9 Construction of the pulse operating area. 

An example is worked in Fig. 9 for tp = 0,2 ms and 8 = 0, 1. 

From Fig. 8, Mv = 2,4 and M1 = 7,3: 

lc(B') = 0,22 x 7,3 = 1,6 A 

VeE(A') = 13 x 2,4 = 31 V. 

These two points are then joined as in Fig. 9. 

(Joly 1981 
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PULSE TRAINS AND COMPOSITE WAVEFORMS 

Straightforward techniques exist for calculating the thermal and second breakdown effects of pulse 
trains and composite waveforms. 

Thermal considerations 

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

l..:tp-1 I 
1-T-1 
I I I ----. 
I I I 

p 

power + 
I I ----. 

p heat 

+ + • p 

0 t • 
}•ool 

-P 
t 
• -P 

_! 

ta t1 t2 t3 

t. TJ 

Fig. 10 The heating effect of three equidistant, equal-magnitude 
pulses. Tj av is the average junction temperature. P = 100 W, 
tp= 100µs;T= 1 msandl>=0,1. 

'"'Y ""I 
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Referring to Fig. 10, where P = 100 W, tp = 100 µs a~d o = 0, 1, the first pulse causes the junction to 
heat up; at the end of the pulse it starts to cool down until the second pulse recommences the heating 
cycle. We can replace the first pulse with a continuous heating pulse at to and a continuous cooling 
pulse starting at t1. Similarly for the second pulse, we can superimpose a continuous heating pulse 
starting at t2 and a cooling pulse starting at t3. Repeating this for successive pulses allows us to 
calculate Tj for any point in the pulse train. For instance, the cumulative change in junction tempera-
ture at the end of the third pulse is: · 

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

Th1 = PZth(2,1 ms) 

Th2=PZth(1,1 ms) 

Th3= PZth(0,1 ms) 
and 

Tc1 = -PZth(2,0 ms) 

Tc2 = -PZth(1,0 ms) 

Taking values for Zth from Fig. 11 we get 

LHj = 100(0,58 - 0,56 + 0,51 - 0,51 + 0,32) = 34 °c. 

Zth J-mb 

(K/WI 

10 

5 0,1 
.lo-' 

~ 
]7 

IL 

Fig. 11 Curve of Zth j-mb = f(tpl· 

7Z73039:1 

JUL -tp1+- I 
+--T-

5:!!>. 
T 

!---.!-..-

tp(S) 10 

Ju~y 1981 
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The same procedure can be used for long or continuous pulse trains, but calculating for a large number 
of pulses is very tedious. A sufficiently close approximation can be made by calculating for two pulses, 
assuming that the first is preceded by a continuous pulse of Pav as shown in Fig. 12. By this method 

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

n nl -~ - - + 
~~~~~~-+~~-!,~~~~~, I 

Pav= 6P 

power 

l•tp .... I I 
1-T-I 
I I I 
I I I 
I I t.Th2 

~~~~~~1--"'"-+~~~~+--,1.;...., t.Thav 

Tjav 

'Tomb 

I 7Z5403S 2 

Fig. 12. 

Figure 13 shows the current, voltage and power waveforms of the out put transistor in a television 
receiver vertical output stage. Ptot has been divided into four equivalent rectangular parts having the 
same peak values and energy content as the original waveform. 



Ptotav = P101 + P202 + P303 + P404 
= (16 x 0,003) + (13 x 0,11) + 
+ (5,2 x 0,66) + (40 x 0,0007) 

= 4,936 w. 

l SOAR 

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

VcE le 
IV) lmA) 

500 250 

400 200 

300 150 

200 100 

100 50 

0 0 

40 

Pc 
IWl 

30 

20 

10 

30 

Ppeak=40W 

Ppeak= 16 W 
tp=54µs 

, I Ppeak=13W 
I tp=1,84ms 
~ 

tp=13 µs 

l_so_ 3 1.-.- 13 -1-30_1 
µs ms ms µs 

I ' 16,7ms 

I 
I 
I 

t, tz tJ t4 ts ts 

1 1~1 
10~--: 

I Tav = I 

I 12,5°C I 
1------i 

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

Tj-mb(t1) = PavRth j-mb - PavZth j-mb(16, 1 ms)+ P1Zth(16, 1 ms)· 

For the temperature at the end of the second pulse (t2) two, further terms are added: 

For t3 yet another two terms: 

-P3Zth(13,02 ms)+ P4Zth(13,03 ms)· 

For each successive pulse a negative term (end of the previous pulse) and a positive term (start of the 
succeeding pulse) are added. Calculated temperatures are shown in Table 1: note that the highest 
temperature is reached at the end of pulse 2 (t3). Even assuming a T mb of 100 °c, Tj will remain 
within the Tj max of 150 oc specified for this transistor. 

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

time 

~Tj-mb 

t2 

11,34 

t3 

18,1 

EXAMPLE OF A SOAR CALCULATION 

t4 

12,76 

t5!tsl 

8,54 oc 

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

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

7289362 

·········~········~········ 
~ ]';;: 1' vcE 

200 V /div. 

ic 
1 A/div 

5µs/div. 

Fig. 14 Collector-current and collector-emitter 
voltage waveforms of a BU426A transistor in a 
200W SMPS. 

7289361 

........................................ vcE 
200 V /div. 

ic 
1 A/div. 

,..... 'c 
1 A/div. 

i--+--4---+--.. I 
............ ···1}(:· .................. .. vCE 

200 V /div. 
0,2 µs/d1v. 

Fig. 15 Waveforms during turn-on and turn-off 
(lower part). 



l SOAR 

The duration of this equivalent pulse train is then given by 

, _ Ptot av x T , _ t[i 
tp - Pivl and 8 - T . 

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

Pturn-on 66W 

tpon 0,8 µs 
lion = 0,04 

turn-on saturation 
power loss power loss 

+ + 

Psat 
tp sat 
0sat 

turn-off 
power loss 

+ 

10W 
2,2 µs 

= 0, 11 

7Z89363 

56W Pturn-off = 
tp off 0,6 µs 

= 0,03 Ii off 

........................................ 

17 

Pturn-off 

tpon I I 
: tpsat l I I tp off I I -.I -I 1-- 1-1 I..--

I T 

I 
I 
I 
I 

Pturn-off 

Psat 

Psat 
Pturn-off 

tp3 

tp1 
tp2 

Fig. 16 Power loss and resultant rectangular 
power pulses. 

ta 
Fig. 17. 

I 
I 

heating 
Pon 

.f ( 14,4µs) 

( 18,Sµs) 

( 16,6µs) 

tp4 ( 13,Sµs I ! 
cooling Fig. 18. 

15 
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From Fig. 17 we can determine Op and tp for each condition and from the BU426 data sheets the 
relevant Zth· 

pl p2 p3 p4 p5 unit 
t-----·~---+---·--~--+-~~~--1--~~~~1--~~~--1-~~~--+-~~~ 

From 

t 18,8 

0,94 

1,05 

16,6 

0,83 

0,95 

14,4 

0,72 

0,85 

ATj = ATh1 - ATc1 + ATh2- ATc2 + ATh3 

ATj-mb(ta) = (Psat x Zth(tp1 jl - (Psat x Zth(tp2)l + 

13,8 

0,7 

0,8 

+ (Pturn-off x Zth(tp3j) - (Pturn-off x Zth(tp4)l +(Pon x Zth(tp on)l 

ATj-mb(ta) = 10(1,05- 0,95) + 56(0,83- 0,8) + 66(0,06) = 7,76 K. 

0,8 

0,04 

0,06 

µs 

K/W 

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

Average mounting base temperature depends on the size of the heatsink, ambient temperature 
(Ta) and average dissipation. 

From 

Ptotav = P101 + P202 + P303 + P404 

Ptotav =lion x Pon+ lisat x Psat + liturn-off x Poff 

= 0,04 x 66+0,11 x 10 + 0,03 x 56 = 5,4 w. 

Assuming a maximum mounting base temperature of 100 oc and an ambient temperature of 60 oc 
the thermal resistance of the heatsink required will be 

T mb - Ta 100 - 60 
Rthmb·a= p -54 =7,4K/W. 

tot av , 

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

The pulse SOAR can be calculated using M1, Mv and Zth factors as described earlier. The turn-on, 
saturation and turn-off power pulses should be combined into a single pulse of amplitude P' equal 
to the highest amplitude power pulse (here, P0 nl and duration tp. 

Ptotav = P' = 66 W. 

ll' = 5.4 = 0 082. 
66 ' 

tj,+ ll'T= 1,64µs. 

From the BU426A data, for this power pulse Zth j-mb = 0, 10 K/W; Mi "'12; Mv "'7,5; 
VcE(A') = 7,5 x 12 = 90 V; lc(B') = 12 x 40 = 480 mA. 



l SOAR 

p = Tj - T mb = 150 - 100 = 500 W 
WtmD Z~~mb ~1 . 

The relevant pulse SOAR is shown in Fig. 19, in which the operating point for the full cycle has also 
been plotted. It can be seen that it remains well within the SOAR. 

7ZB9358 

1 CM max~ E1=~~8:::::E:EEff;A~'.:=::::E::E3::EEEEH:=:=E::E3=i 
IC max - t-.._-..:-~~:'lllrl---+--+--+-++++i~'\---t---+-t--+-t-t-t-t+--+--+--+-1 

/~) r- ( ,'}~ -3: 
r-1:-:..c:.:~=:..--lt-i-;:.~::-rl\lld-++t-t 11 ~ 

' \N N ~ 

~\ 

f----t---f-+-+-+-+++t-~-'\--.,-\--11+-1 +--+- l II ++++----+---+--1--l 

(2)\i~ 
\ 10-1 >----+------+- I 

II I 

tt 
I 

10- 2 i=::==i:==!=!=!:E:Ell===tt~=E~:at===E=E:El 
>----+--+----+--+ turn -off ----<+--'+--+-+-+++++---+-+-+-< 

turn -on ~+-+j_-+--+->-+-++-1+---+-+--+-< 
1---t----t--t-+-+-++V-++c E-0 ~rr-

ll'Tf: IV 
10- 3 ~~~~~~,---__,.Jj_...._._.IJ__._l..._J...._._._.....___..___.__._. 

10 10 2 10 3 
VcE (V) 

Fig. 19 Safe Operating ARea BU426A at T mb < 73 °c. 

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 
RBE < 100 IJ, and tp < 0,6 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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5-PARAMETERS 

SCATTERING PARAMETERS 

In distinction to the conventional h, y and z-parameters, s-parameters relate to travel
ling wave conditions. The figure below shows a two-port network with the incident and 
reflected waves a1, b1, a2 and b2. 

Zo 

Vrl 
b =--

1 l/2a 

11511 

7Z65646.1 

Z0 = characteristic impedance of the transmission line in which the two-port is 
connected. 

Vi = incident voltage 

V r = reflected (generated) voltage 

'lhe four-pole equations for s-parameters are: 

b1 = sllal + s12a2 

b2 = s21 a1 + s22a2 

Using the subscripts i for 11, r for 12, f for 21 and o for 22, it follows that: 

S· = su = b1 I 
1 a 1 a2 = O 

b11 
sr = s 12 = a 2 a 1 = O 

b21 
sf = s21 = a1 a2 = 0 

b2 I so = s 22 = a2 al = 0 

1) The squares of these quantities have the dimension of power. 

l'cbruary l 974 1 

--
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S-PARAMETERS 

The s -parameters can be named and expressed as follows: 

si = s 11 = Input reflection coefficient, 1 

· The complex ratio of the reflected wave and the incident wave at the input, 
under the conditions Z1 = Z0 and V s2 = 0, 

sr = s12 =Reverse transmission coefficient. 
The complex ratio of the generated wave at the input and the incident wave at 
the output, under the conditions Zs = Z0 and V sl = O. 

sf = sz1 = Forward transmission coefficient. 
The complex ratio of the generated wave at the output and the incident wave at 
the input, under the conditions Z1 = Z0 and V s2 = 0 

s 0 = szz = Output reflection coefficient. 

2 

The complex ratio of the reflected wave and the incident wave at the output, 
under the conditions Zs= Z0 and Vs1 = O. 

II 
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T0-92 VARIANT TRANSISTORS ON TAPE 

MECHANICAL DATA 

Fig. 1 (see table below). 1-P-1 
-1~,1- i 

-------'----

Item Symbol 

Body width Al 
Body height A 
Body thickness T 

Pitch of component p 

Feed hole pitch Pa 

Feed hole centre to 
P2 component centre 

Distance between outer leads F 

Component alignment ~h 

Tape width w 
Hold-down tape width Wa 

Hole position W1 

Hold-down tape position W2 
Lead wire clinch height Ha 
Component height H1 
Length of snipped leads L 
Feed hole diameter Do 
Total tape thickness t 

Lead-to-lead distance F1, F2 

Clinch height H2 
Pull-out force (p) 

min. 

4,0 
4,8 
3,9 

6N 

Dimensions in mm 

i (pl 

1l7599B.2 
-111 t, 

- ~t 
Specifications 

Remarks 
nom. max. tol. 

4,8 
5,2 
4,2 -12,7 ± 1 -

12,7 ± 0,3 Cumulative pitch error 
1,0 mm/20 pitch 

6,35 ± 0,4 
To be measured at 
bottom of clinch 

5,08 
+0,6 
-0,2 

0 1 At centre of body 
18 ± 0,5 
6 ± 0,2 

9 
+ 0,7 
-0,5 

0,5 ±0,2 
16 ± 0,5 

32,25 
1_1,0 

4 ± 0,2 

1,2 t1 0,3-0,6 

2,54 
+ 0,4 
-0,1 

3 
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TAPE J 
PACKING 

The transistors are supplied on tape in boxes (ammopack) or on reels. T.he number per box or reel is 

1600. round or octagonal . -1 I ..... 55 max I 

1-= min 

.0350 L __ 
max t --

_j 

-I 1-ssmax 

1-
D 340 
max 

_l 

DROPOUTS 

[l) packing label 

detail A 

0 0 0 0 
7286091 

direction of unreeling -

Fig. 2 Dimensions (in mm) of reel and box. 

A maximum of 0,5% of the specified number of transistors in each packing may be missing. Up to 3 
consecutive components may be missing provided the gap is followed by 6 consecutive components. 

2 November 1981 



T0-92 variant transistors on tape -- --------l ...... __ r_A_P_E __ _ 

TAPE SPLICING 

Slice the carrier tape on the back and/or front so that the feed hole pitch (P0 ) is maintained (see Fig. 3). 

0 0 0 0 0 0 

7Z86090 

-3Dmin-

Fig. 3 Jointing tape with splicing patch. 

--

November 1981 3 
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BC107 to 109 

A.F. SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes with the collector connected to the case. 

The BC107 is primarily intended for use in driver stages of audio amplifiers and in signal processing 
circuits of television receivers. 

The BC108 is suitable for multitude of low-voltage applications e.g. driver stages or a'udio preamplifiers 
and in signal processing circuits of television receivers. 

The BC109 is primarily intended for low-noise input stages in tape recorders, hi·fi amplifiers and other 
audio-frequency equipment. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VBE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation 
up to Tamb = 25 °c 

Junction temperature 

Small-signal current gain at Tj = 25 oc 
le= 2 mA; VcE = 5 V; f = 1 kHz 

Transition frequency at f = 35 MHz 
lc=10mA;VcE=5V 

Noise figure at Rs= 2 k.\1 
lc=200µA;VcE =5V 
f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected 
to case 1,16 J{ 

max" 450 _.! 
"""'~ "-'' ' 

/' 
1~<1 

max 

e 

c ... 2,54-

-- 5,8 -max 

Accessories: 56246 (distance disc). 

b 

BC107 BC108 BC109 

Ve ES max. 50 30 30 v 
Vern max. 45 20 20 v 
lcM max. 200 200 200 mA 

Ptot max. 300 300 300 mW 

Tj max. 175 175 175 oc 

> 125 125 240 
hfe < 500 900 900 

fT typ. 300 300 300 MHz 

typ. 1,4 dB 
F < 4,0 dB 

F typ. 2 2 1,2 dB 

Dimensions in mm 

~f, u • 
I._ 5,3 J_ 12 7min __ [ 

max ' 
7Z694Z0.1 

~ Products approved to CECC 50 002-076/078, available on request. 

October 1982 

-

-



BC107to109 , . 

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

Voltages BC107 BC108 BC109 

Collector-base voltage (open emitter) VcBO 
, 

50 30 30 v max. 

Collector-emitter voltage (VBE = O) Ve Es· max. 50 30 30 v 
Colle.ctor-emitter voltage (open base) VcEO max. 45 20 20 v 
Emitter-base voltage (open collector) VEBO max. 6 5 5 v 

Currents 

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

Collector current (peak value) IcM max. 200 mA 

Emitter current (peak value) -IEM max. 200 mA 

Base current (peak value) IBM max. 200 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Prot max. 300 mW 

Temperatures 

Storage temperature Tstg -65 to +175 oc 

Junction temperature Tj max. 175 oc 

THERMAL RESISTANCE 

- From junction to ambient in free air Rth j-a 0.5 0 c;mw --- From junction to case Rth j -c 0.2 °C/mW 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector cut -off current 

IE= 0; VcB = 20 V; Tj = 150 °c le BO < 15 µ!{ 

Base-emitter voltage l) 

Ic = 2 mA; VcE = 5 v VBE 
typ. 620 mV 
550 to 700 mV 

le = 10 mA; VcE = 5 V VBE < 770 mV 

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

2 II November 1968 



II 
CHARACTERISTICS (continued) 

Saturation voltages 1) 

Ic = 10 mA; IB = 0.5 mA 

le = 100 mA; IB = 5 mA 

Knee voltage 

le = 10 mA; IB = value for which 
le = 11 mA at VcE = 1 V 

le 
(mA) 

11 
10 -

Ve EK 

Collector capacitance at f = 1 MHz 

IE = le = O; VcB = 10 v 

Emitter capacitance at f = 1 MHz 

Ic=Ic=O;VEB=0.5V 

Transition frequency at f = 35 MHz 

le = 10 mA; VcE = 5 V 

Small signal current gain at f = l kHz 

le = 2 mA; VcE = 5 V 

Noise figure at Rs = 2 krl 
Ic = 200 µA; V CE = 5 V 

f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

UII 

--- -- -----,~---

BC107to109 

Tj = 25 oc unless otherwise specified , 

VcEsat 
typ. 90 mV 
< 250 mV 

VBEsat typ. 700 mV 

VcEsat 
typ. 200 mV 
< 600 mV 

VBEsat typ. 900 mV 

VCEK 
typ. 300 mV 
< 600 mV 

ls 

VcE (V) 
7Z04802 

Cc 
typ. 2.5 pF 
< 4.5 pF ------Ce typ. 9 pF 

fT typ. 300 MHz 

BC107 BC108 BC109 

> 125 125 240 
hfe < 500 900 900 

typ. 1.4 dB ' F 
< 4 dB 

F 
typ. 2 2 1.2 dB 
< 10 10 4 dB 

l) VBEsat decreases by about 1. 7 mV ;oc with increasing temperature. 

November 1968 JL 3 



BC107to109 

II II 
CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

BC107A BC107B BC108C 
BC108A BC108B BC109C 

D. C. current gain 
BC109B 

> 40 100 
Ic = 10 µA; VcE = 5 v hpE typ. 90 150 270 

> 110 200 420 
le = 2 mA; VcE = 5 V hpE typ. 180 290 520 

< 220 450 800 

h parameters at f = l kHz (common emitter) 

Ic = 2 mA; VcE = 5 V > 1.6 3.2 6 krl 
Input impedance hie typ. 2.7 4.5 8.7 krl 

< 4.5 8.5 15 kn 

Reverse voltage transfer ratio hre typ. 1.5 2 3 lo-4 

> 125 240 450 
Small signal current gain hfe typ. 220 330 600 

< 260 500 900 

Output admittance hoe 
typ. 18 30 60 µn-1 

< 30 60 110 µn-1 

----

4 II 
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II BC107to109 

Typical behaviour of collector current versus collector-emitter voltage 

150 ,....,...-ror-,-,.~----,----,-,-..,.,~7~Z0_8~54~7.,...., 
1-l-+--+->-< Tj = 2 5 ° C t-+--+-+--+-+-t-i-f--' 

Ic t-+--+-+--+-+-+-r-t-+-+--+-+--+-+-t--t-+-t--t-1 

(mA)._,_-+-+--+-+-+-r-t-+-+--+-+--+-+-t-i-+-t-t-

1-1Jlll.l-""l'..-'-l-l--l->--1--+--' 5 0 µA.t-t-t-t-H 
'fL J: 

2 VcE(V) 4 

Typical behaviour of collector current 
versus collector-emitter voltage 

6 

Ic 
(mA) 

4 

2 

T_i =25°C 

1-+""1 

November 1968 
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2 
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BC107to109 II 

: ~1 f----+-++-t+++t+---i-+-+++++++-----t-+-+-+-+H+I 
--'--'-1--l-U..I ~-;;; -;,i Ht 

10- 1 ~€tll~ll~~g~rJ~T-!11H-t1~11 ff---~--lt-ll~Dll§§§ll 
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l BC146 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 

P-N-P complement is BC200. 

QUICK REFERENCE DATA 

BC146/01 BC146/02 BC146/03 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 45 oc 

Junction temperature 

D.C. current gain 
le= 0,2 mA; VcE = 0,5 V 

Noise figure at Rs= 2 kn 
le= 0,2 mA; VcE = 5 V 
Bandwidth: f = 30 Hz to 15 kHz 

VcBo max. 

VcEO max. 

le max. 

Ptot max. 

Tj max. 

hFE 
> 
< 

F 
typ. 
< 

20 20 20 

20 20 20 

50 50 50 

50 50 50 

125 125 125 

80 140 280 
200 350 550 

2 1,5 2 
4,0 

v 
v 
mA 

mW 

oc 

dB 
dB 

MECHANICAL DATA 

Fig. 1 SOT-42. 

Dimensions in mm 

dot 

+ 0 29 . 
+max ,.~ 

--.11,emaxl- 12mln _I nssso5.1 

Coloured dot on top of the black body indicates hFE group: 

BC146/01 red 
BC146/02 yellow 
BC146/03 green 

October 1979 
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::_JI 
MOUNTING INSTRUCTIONS 

To avoid damaging the transistor, welded or soldered connections must be made 
with care; the following general recommendations should be observed: 

1. The temperature of the soldering iron must be less than 250 °c and the. soldering 
time l'"ss than 3 seconds at a lead length of not less than 1, 5 mm. 

2. To keep the heat capacity low, the smallest possible amount of solder should be 
used. 

1. If the plastic capsule of the transistor makes contact with any other structure, 
care must be taken·that its temperature never exceeds 125 °c. 

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

Voltages 

Collector-base voltage (open emitter) Vcso max. 20 v 
Collector-emitter voltage (open base) VcEO max. 20 v 
Emitter-base voltage (open collector) VEBO max. 4 v 

Currents 

Collector current (d. c.) Ic max. 50 mA 

Collector current (peak value) lcM max. 50 mA 

Fower dissipation 

Total power dissipation up to Tamb = 45 °c Ptot max. 50 mW 

".:'emperature 

Storage temperature Tstg -65 to +125 oc 

Junction temperature Tj max. 125 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 1,6 0 c;mw 

2 Augu11t ,·()75 



_II 
CHARACTERISTICS 

Base-emitter voltage 

le = 0, 2 mA; VcE = 0, 5 v 
Ic = 2 mA; VcE = 1 V 

Knee voltage 

le = 2 mA; lg = value for which 
le = 2, 2 mA at VcE = 1 v 

Ic 
lmAl 

1r- -BC146 

Tj = 25 oc unless otherwise specified 

Ve EK 

typ. 

typ. 

typ. 

570 

630 

180 

mV 

mV 

mV 

Is 
2,2 - --~--------.,--_:..---
2 

7Z73351 

VcEK VcE (V) 

Collector caracitance at f = 1 MHz 

IE =le = O; Veg = 5 v Cc typ. 4 pF 

Transition frequency 

le = 2 mA; VcE = 5 v fT typ. 150 MHz 

D. C. current gain BC146 /01 /02 /03 

le = 0, 2 mA; VcE = 0, 5 V hp£ 
typ. 115 220 380 
80 to 200 140 to 350 280 to 550 

Ic = 2 mA; VcE = 1 v hpE > 100 140 280 

Noise fi~re 

le = 0, 2 mA; VcE = 5 v 
Rs= 2 kQ 

typ. 2 1, 5 2 dB 
Bandwidth: f = 30 Hz to 15 kHz F 

< 4 - dB 

h parameters at f = 1 kHz 

le = 0, 2 mA; VcE = 0, 5 v 
Input impedance hie typ. 20 30 45 kQ 

Reverse voltage transfer ratio hre typ. 15 25 40 10-4 

Small-signal current gain hfe typ. 130 220 380 

Output admittance hoe typ. 15 20 35 µA/V 

II 3 



BC146 

II II 
102~~~Em"~i'Se~~iit~~~~~~~~~E!!Emll~I7§z~a912~7alt I= base current versus collector current 
Ic >---+--+-1--H-+t Ve E = 3 v 

(mA) lJ = 25°C 
typical values 

1------1 VcE =3V 
600 

1------1 1) =25°C 
1------1 typical values r--

400 
~ 

L 

~ 
.l!!""'.l 

lo"' 
~ 

200 ~ 
,,,,,. 

.,,,,,,,.... 

loo" 
...... 

i.--

"""' 

loo'1 

..,,. .... 
~ ---

~0-2 

4 II 

17 

72092711 
J 
_L Ii 

c,LE>.!J 
~......., 

..... ..,,,,... 

1oi 
~ 

......... -
10' 

..... -
10 Ic (mA) 
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60 
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(mA) 

40 
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7Z09272. 
base-emitter voltage versus h 
coUector current _L 

J_ J_ J_ J_ J_ J_ L 
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BC177to179 

A.F. SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-18 metal envelopes with the collector connected to the case. 

The BC177 is a high-voltage type and primarily intended for use in driver stages of audio amplifiers 
and in signal processing circuits of television receivers. 

The BC178 is suitable for a multitude of low-voltage applications e.g. driver stages or audio preampli
fiers and in signal processing circuits of television receivers. 

The BC179 is primarily intended for low-noise input stages in tape recorders, hi-fi amplifiers and other 
audio-frequency equipment. 

Moreover, they are intended as complementary types for the BC107, BC108 and BC109. 

QUICK REFERENCE DATA 

Collector-emitter voltage (+ VBE = 1 V) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation 
up to T amb = 25 °c 

Junction temperature 

Small-signal current gain at Tj = 25 oc 
-le= 2 mA;-VcE = 5 V; f= 1 kHz 

Transition frequency at f = 35 MHz 
-le= 10 mA; -VcE = 5 V 

Noise figure at Rs = 2 kn 
-le= 200 µA; -VcE = 5 v 
f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector 
connected 
to case e 

-. 2,54-+ 

.._ 5,8 -
max 

Accessories: 56246 (distance disc). 

b 

BC177 BC178 BC179 

-VcEX max. 50 30 25 v 
-Vern max. 45 25 20 v 
-lcM max. 200 200 200 mA 

Ptot max. 300 300 300 mW 

Tj max. 175 175 175 ·oc 

hfe 
> 75 75 125 
< 260 500 500 

fT typ. 150 150 150 MHz 

F 
typ. 1,2 dB 
< 4,0 dB 

F < 10 10 4,0 dB 

Dimensions in mm 

~1. [ ~ : :~:~ 
I._ 5,3 _..(_ 12 7min _I 

max ' 
7Z69420.1 



BC177to179 

I 
RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC 134). 

Voltages BC177 BC178 BC179 

Collector-base voltage (open emitter) -VcBo max. 50 30 25 v 
Collector-emitter voltage (+VBE = l V) -VcEX max. 50 30 25 v 
Collector-emitter voltage (open base) -VcEo max. 45 25 20 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 

Currents 

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

Collector current (peak value) -lcM max. 200 mA 

Emitter current (peak value) IEM max. 200 mA 

Power dissiEation 

Total power dissipation up to Tamb = 25 °c Ptot max. 300 mW 

TemEeratures 

Storage temperature Tstg -65 to +175 oc 

Junction temperature Tj max. 175 oc 

THERMAL RESISTANCE 

From junction to ambient in free -air Rth j-a 0.5 OC/mW 

From junction to case Rth j-c 0.2 oc/mW 

-- CHARACTERISTICS 

Collector cut-off current 

IE= 0 ; -VCB = 20 V; Tj = 25 oc -lcBO 
typ. 1 nA 
< 100 nA 

Tj = 150 oc -ICBo < 10 µA 

Base -emitter voltage 1) 

-le= 2 mA; -VcE = 5 V ;Tj = 25 oc -VBE 
typ. 650 mV 

600 to 750 mV 

1) -VBE decreases by about 2 mV/OC with increasing temperature. 
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BC177to179 

CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

Saturation voltages 

-le= lOmA; -Is=0.5mA -VcEsat 
typ. 75, mV 
< 300 mV 

-VsEsat typ~ 700 mV 

-re = 100 mA; -Is = 5 mA -VcEsat typ. 250 mV 
-VsEsat typ. 850 mV 

Knee voltage 

-le = 10 mA; -Is = value for which 
-re= 11 mA at -VcE = l V -VcEK 

typ. 250 mV 
< 600 mV 

-Ic 
(mA) 

11 
-Is 

10 -

-VcEK 
7ZlJ646B 

-VcE (V) 

Collector capacitance at f = l MHz 

lE=le=O; -Vcs= lOV Cc typ. 4.0 pF 

Transition frequency at f = 35 MHz --le= lOmA; -VcE=5V fT typ. 150 MHz -
Small si8E:al current gain at f = l kHz SC177 SC178 SC179 

> 75 75 125 
-le= 2mA; -VcE = 5V hfe < 260 500 500 

Noise figure at Rs = 2 kS1 

-le= 200 µA; -VcE = 5 V 

f = 30 Hz to 15 kHz F 
typ. l. 2 dB 
< 4 dB 

f = l kHz; S = 200 Hz F 
typ. 2 2 l dB 
< 10 10 4 dB 

November 1968 II II 
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BC177to179 

CHARACTERISTICS (continued) 

D. C. current gain 

-Ic = 2 mA; -VcE = 5 V 

Small signal current gain at f = 1 kHz 

-Ic = 2 mA; -VcE = 5 V 

4 

II 

hFE 

hfe 

BC177 BC178A BC178B 
BC179A BC179B 

typ. 140 180 290 

> 75 125 240 
< 260 260 500 

II November 1968 



150 7Z09675 
base-emitter voltage versus 1---H 

-Ic collector current 
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II 
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BC177 1017911 

102~~~~~~~~(CITe~~~~!E§~lll~~~~~7~Z0~8!4i83Dtm Bast :urrent versus collector current 
-Ic VcE 5V z ~ HI: 

(mA) >-----+--;-+-+-+-+++< 1J = 2 5 ° C IL ".'L _u W1 TIT 
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BC177to17911 
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11 BC177 to 17~- -

Curves of constant noise figure 
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BC177to17911 
II 

BC178B;BC1798 
BC178A; BC179A 

t----+--+-+--+-+-+++<1-----+--+--+-+-+-+++<1----+--+-+-+-+-++H BC 177--+--+-+-t-t-+-+1 
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1---7"-...,,,,..-"---+--+--+--+---t---t-t-+-~---+--+---tf =1kHz 
i.,..c.,,,,,.. __ _....._-+--+--+--+-+-+-+-+----_.....--+~ 1} =25°C 
>-----+----+--1---+---1--+--+-+-+----->BC 178A; BC 179A+-+-+-<f--I 

-1---~-~~---==--+---+--+--1--+--+-t--H------+ec117--+--+--+--+-+_,_, 

1001-----+--+--+--+--+--t-t-+-t-----+--+--+--+--+--t-t-t-1 

0.1 -IcCmA) 10 

10 II November 1968 



BC177to179 

~~ 1---~+--t-t-t-t+t++---+-+-t--+-t+t+t---f""'lS.f::::!.:>k:t-HH-H9c17 88; BC179B 
~ BC178A;BC179A 
n"1-i BC177 

---t---+-+-+-t-+-+-<e+---+--+-+-+-t-+-+-<+----+--+-+-+-t-+-+-<+----+--+-+-+-+-H+< 

---+--+-+-+-t-+-+-if+--+--+-+-+-t-+-+-<+----+--+-+-+-+-++<+----+--+-+-+-+-H+< 

t-----1--+-+-+++H+---+--+-++-++H-J.-~,,;__~V~/r-+-t++++t----t---li-+-t++++I 
Ai 

1---+--+--+--+-+-++++---+--+--+--+-+-+++-<+---+--+--+--+-+-+++-+---+--+-+--+-+-H+< 

November 1968 

11 
11 

-----



BC177to17911 

104 7Z09699l 

~~llf!t~ra~n~s~ie~n~t=t~h~e~r~m~a~lrr~e~si~s!taCin~c~e'.:!f~ro~m~juJrn~c~tkiomn'l~lm~ll!I Zthj-af:: to ambient versus pulse duration 
c0 c1w >nnnnu=mmm:=i::i=P:mii:::+m~~:mm=+::m+i:m=H+i:i:mi:::Ummnnnm 

10
3 
___ _ l=IB=1.0 

r--t-1 .5 

102~1~1~ 111111~,~,,~,~1i:==;m1-111 l=l=1 0.1 

-I 0.05 ~ 
lJl !-". 

---

12 

II II 
March 1969 



l BC200 

SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 

N-P-N complement is BC146. 

QUICK REFERENCE DATA 

BC200/01 BC200/02 BC200/03 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 45 °c 

Junction temperature 

D.C. current gain 
-le= 0,2 mA; -VcE = 0,5 V 

Noise figure at Rs = 2 k.Q 
-le= 0,2 mA; -VcE = 5 V 
Bandiwtdh: f = 30 Hz to 15 kHz 

-Vcso max. 

-Vern max. 

-le max. 

Ptot max. 

Tj max. 

hFE 
> 
< 

F 
typ. 
< 

20 20 20 

20 20 20 

50 50 50 

50 50 50 

125 125 125 

50 85 165 
105 200 400 

2 1,5 2 
4,0 

v 
v 
mA 

mW 

oc 

dB 
dB 

MECHANICAL DATA 

Fig. 1 SOT-42. 

Dimensions in mm 

dot 

+ 0,29 
+max '·'~~c==::=:::J 

___..l 1,a max 1-- 12 min _1,z,,,0,.1 

Coloured dot on top of the black body indicates hFE group: 

BC200/01 red 
BC200/02 yellow 
BC200/03 green 

The flat side is blue to distinguish from BC146. 

October 1979 

-
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MOUNTING INSTRUCTIONS 

To avoid damaging the transistor, welded or soldered connections must be made with 
care; the following general recommendations should be observed: 
l. The temperature of the soldering iron must be less than 250 oc and the soldering 

time less than 3 seconds at a lead length of not less than 1, 5 mm. 
2. To keep the heat capacity low, the smallest possible amount of solder should be used. 
3. If the plastic capsule of the transistor makes contact with any other structure, care 

must be taken that its temperature never exceeds 125 oc. 

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

Voltages 

Collector-base voltage (open emitter) -vcBo max.- 20 v 

Collector-emitter voltage (open base) -vcEo max. 20 v 

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

Currents 

Collector current (d. c.) -re max. 50 mA 

·Collector current (peak value) -IcM max. 50 mA 

Power dissipation 

Total power dissipation up to T amb = 45 oc Ptot max. 50 mW 

Temperatures 

Storage temperatur.e Tstg -65 to +125 oc 

Junction temperature Tj max. 125 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a l, 6 OC/mW 

2 
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II 
CHARACTERISTICS 

Collector cut-off current 

IE= O; -VcB = 20 V 
IE= 0; -VcB = 20 V; Tj = 125 °c 

Base-emitter voltage 

-le= 0,2 mA; -VcE = 0,5V 
-le= 2mA;-VcE= lV 

Knee voltage 

-le = 2 mA; -lB =value for which 
-le = 2, 2 mA at -V CE = l V 

-Ic 
(mA) 

2,2 
2 

Collector capacitance at f = l MHz 

IE = le = O; -V CB = 5 V 

Transition frequency at f = 100 MHz 

-Ic= 2mA;-VcE= 5V 

D. C. current gain 

-le= 0,2 mA; -VcE = 0,5V 

-Ic= 2mA;-VcE= lV 

h parameters at f = 1 kHz 

-le= 0,2 mA; -VcE = 0,5 V 
Input impedance 
Reverse voltage transfer ratio 
Small-signal current gain 
Output admittance 

Noise figure 

-lc=0,2mA;-VcE= 5.V; 
Rs= 2 kn 
Bandwidth: f = 30 Hz to 15 kHz 

August 1975 

11 

II 
BC200 

T J = 25 oc unless otherwise specified 

BC200 

hpE 

hFE 

F 

-lcBO < 100 nA 
-rcBo < µA 

-VBE typ. 580 mV 
-VBE typ. 650 mV 

-VcEK typ. 200 mV 

7Z73352 

-VcE(V) 

cc 

fT 

/01 

typ. .75 
50 to 105 
> 60 

typ. 12 
typ. 13 
typ. 75 
typ. 13 

typ. 
< 

2 

typ. 

typ. 

/02 

140 
85 to 200 

11 

100 

15 
25 

140 
18 

l, 5 
4 

5 pF 

90 MHz 

/03 

250 
165 to 400 

175 

20 ks-2 
40 10-4 

250 
33 µn- 1 

2 dB 
dB 

3 
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-re 
(mA) 

40 

20 

0 
0 

-VcE=3V 
Tj=25°C 

II BC200 

7Z09764 
J_J_ 
J_J_ 
l_l_ 
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BC327 
BC327A -
BC328 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in plastic T0-92 variant envelopes, primarily intended tor use in driver and output 
stages of audio amplifiers. 

The BC327, BC327 A, BC328 are complementary to the BC337, BC337A and BC338 respectively. -

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

Transition frequency at f = 35 MHz 
-le= 10 mA; -VcE = 5 V 

MECHANICAL DATA 

Fi.g. 1 T0-92 variant. 

3 

'-<> 7Z67146 

- -Ve ES max. 

-Vern max. 

-ICM max. 

Ptot max. 

Tj max. 

fT typ. 

BC327 

50 

45 

BC327A BC328 

60 30 v 
60 25 v 

1000 mA 

800 mW 

150 oc 

100 MHz 

Dimensions in mm 

• 0,40 
t min 

1-- 5,2max --1---- 12,7min ----

t 0,49. 

t max 
0,67 
max 

" 
diameter within 2,5 max I 
1s uncontrolled ....,. 

7Z709941 

I_ 

-
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BC327 
BC327A 
BC328 

RATINGS 

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

BC327 BC327A BC328 

Collector-emitter voltage (VsE = 0) -VcES max. 50 60 30 v 
Collector-emitter voltage (open base) 

-le= 10mA -Vern max. 45 60 25 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 
Collector current (d.c.) -le max. 500 mA 

Collector current (peak value) -lcM max. 1000 mA 

Emitter current (peak value) IEM max. 1000 mA 

Base current (d.c.) --Is max. 100 mA 

Base current (peak value) -IBM max. 200 mA 

Total power dissipation at Tamb = 25 °c Ptot max. 625 mW 
up to T amb = 25 oc Ptot max. 800 mW* 

Storage temperature Tstg -65to+150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,2 K/mW 

From junction to ambient Rth j-a 0,156 K/mW* 

* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 
lead min. 10 mm x 10 mm. 

August 1982 



Silicon planar epitaxial transistors 

CHARACTERISTICS 

Tj_ = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O; -Vcs = 20 V; Tj = 25 °c 

IE= O; -Vcs = 20 V; Tj = 150 °c 

Emitter cut-off current 
le= 0; -VEB = 5 V 

Base emitter voltage* 
-le= 500 mA; -VcE = 1 V 

Saturation voltage 
--le= 500 mA; -Is= 50 mA 

D.C. current gain 
-le= 500 mA; -VcE = 1 V 

-le= 100 mA; -VcE = 1 V; BC327; BC328 

BC327A 

BC327-16) 
BC32B-16 

BC327-25) 
BC328-25 

BC327-40) 
BC328-40 

Transition frequency at f = 35 MHz 
-le= 10 mA; --VcE = 5 V 

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

D.C. current gain ratio of matched pairs 
BC327 /BC337; BC328/BC338 
[lei= 100 mA; IVcEi = 1 V 

* -VsE decreas'es by about 2 mV/OC with increasing temperature. 

---lcso 

-lcso 

--IEBO 

-VsE 

_-VcEsat 

hfE 

hfE 

hfE 

hfE 

hfE 

hfE 

fr 

Cc 

< 
< 

< 

< 

< 

> 

BC327 
BC327A 
BC328 

100 nA 

5 µA 

10 µA 

1,2 v 

700 mA 

40 

100 to 600 

100 to 400 

100 to 250 

160 to 400 

250 to 600 

typ, 100 MHz 

typ. B pf 

hfE 1/hfE2 ~P- 1,25 
1,40 

( .,,,,, 1982 

-
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BC327 
BC327A 
BC328 

100 

ptot max 
(%) 

75 

50 

25 

0 

Ii= 1 

1---1-1-+-14+1-1 0 , 7 5 

102 ~!§a110,5 t: 0,33 
E=::i=!:±±±!ttO ,2 -

"'\ 
K 

0 

7Z673~2 

"\] 
~ 

' f\ 

~ 
]'\ 

\ 
f\. 

--.;; 

f\ 
\ 

]'\ 

\ 
50 100 150 

Tamb (OC) 

Fig. 2. 
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Silicon planar epitaxial transistors 

-VeE=l V f-
'.:::;::=;:=::=;~::::~:=::=::=;~~ T · = 25 oe f-- le ~ r- J r-

(mA) t--t-+-+-+-t-++++-1f-+-*~++--1--'f-+-+IH 
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,__._....__..~'-'-~'*-l~u-Jl-l-1---l---+-S-l-l-J 
,___._....__..~'-'---~ ff II 
,___._....__..~'--'- .s ~ ~ ._....._+-+-..+-4-....j.-..j.-!-< 

S 11-bH-+- ;:1·tt--i-H-1 
fit-++-+-+-; 

rJ [l 

200t--t-+-+-+-t-+++H-1~1H--++~.lf--l-l-H---l-I 

11 
1 

fl 17 v vv 
0,75 

Fig. 4. 

2 

-VeEsat 
(V) 

1,5 

0,5 

I/_ 

-VBE (V) 1,25 

15 ] 

BC327 
BC327A 
BC328 

7Z628191A 

-le 

(mA) 

I-+-' 
1--H 

-VeE=5V i=r1 
f- g§ 

I-+-' Ti =25 °e 

10 

5 

0 
0 

1ITTIT 
7262:817 

1 
le /lB= 10 H 

Tj=25°eH 

L' 
! 

111~~ l4 

f-:> 
I 

"' f;: ~ ·s ,_, s 
-

11 

11 
VJ] 

!2 ~ 
0,5 -VBE (V) 

Fig. 5. 

Hf n-~ l-- -1 .. II~ 
0 

1 10 
Fig. 6. 
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BC327 
BC327A 
BC328 

300 

200 

100 

; 

typ r--1 

10 

Fig. 7. 

7260669 

± 
-Vee=1V 
Ti=25°C 

~ :s: 
~ 

~ 
' ::s: 

IX 

-le CmAJ 
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(MHz) 1 f=35MHz 
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Silicon planar epitaxial transistors 

APPLICATION INFORMATION 

BC327 
BC327A 
BC328 

2,8 W transformerless audio-frequency amplifier with matched pair BC328/BC338 in complementary 
class-B output stage up to T amb = 45 oc. 

+ 
10pF 
12sv1I 

v, 

18kil 

stabistor 

220 

Performance at Vs= 24 V; RL = 25 IJ 

Collector quiescent current of BC338 

Input voltage for PL= 50 mW 

Input voltage for PL= 2,8 W 

Output power at f = 1 kHz; dtot = 10% 

Frequency response (3 dB) 

Fig. 9. 

+ 

lea 

Vi 

Vj 

PL 

220µF 
(16VJ 

7%60671.1 

typ. 

typ. 

typ. 

typ. 

mA 

8 mV 

67 mV 

2,8 w 
70 to 16 000 Hz 

This amplifier needs no external cooling fin, provided each output transistor is mounted with its leads 
not longer than 3 mm. The collector lead must, in addition, be soldered to a copper area of at least 
10 mm x 10 mm. (See page 2.) 

7 
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BC327 l BC327A 

BC328 ·~~~~~~~~~~~~~~~~~~ 
APPLICATION INFORMATION (continued) 

10 

drot 
(%) 

7,5 

5 

2,5 

0 
10-2 

Vg=24V 
f= !kHz 
Tamb=25 °c 

7Z6066B 1 

typ 

I 
2 

1 10 

Fig. 10. 



BC337 
BC337A ...,_ 
BC338 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in plastic T0-92 variant envelopes, primarily intended for use in driver and output 
stages of audio amplifiers. 

The BC337, BC337A, BC338 are complementary to the BC327, BC327A and BC328 respectively. -

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 oc 

Junction temperature 

Transition frequency at f = 35 MHz 
lc=10mA;VcE=5V 

VcES max. 

Vern max. 

lcM max. 

Ptot max. 

Tj max. 

fT typ. 

BC337 BC337A BC338 

50 60 30 v 
45 60 25 v 

1000 mA 

800 mW 

150 oc 

100 MHz 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

Dimensions in mm 

3 

'~ 
7Z67145 1 

0,67 
max , 

I.- S,2max .......,..j..,_ ___ 12,7min 

I 0 b~=', ====== . F 7270994.1 

diameter within 2,Smax I I 
is uncontrolled ...... -+-

• 0,40 
t min 

• 0,49 
t max 

I (A"'"~ 1982 

-
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BC337 
BC337A 
BC338 

- RATINGS 

2 

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

BC337 BC337A BC33B 

Collector-emitter voltage (VsE = 0) VcES max. 50 60 30 v 
Collector-emitter voltage (open base) 

le= 10 mA VcEO max. 45 60 25 v 
Emitter-base voltage (open collector) VEBO max. 5 5 5 v 
Collector current (d.c.) , 'c max. 500 mA 

Collector current (peak value) ICM max. 1000 mA 

Emitter current (peak value) -IEM max. 1000 mA 

Base current (d.c.) Is max. 100 mA 

Base current (peak value) IBM max. 200 mA 

Total power dissipation at T amb = 25 °c Ptot max. 625 mW 
up to Tamb = 25 oc Ptot max. 800 mW* 

Storage temperature Tstg -65to+150 oc 

Jurtction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,2 K/mW 

::=rom junction to ambient Rth j-a 0,156 K/mW* 

* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 
lead min. 10 mm x 10 mm . 

. , .... ""I 



BC337 
Silicon planar epitaxial transistors BC337A 

BC338 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O; VcB = 20 V; Tj = 25 oc lcBo < 100 nA 

IE = 0; V CB = 20 V; Tj = 150 oc lcBo < 5 µA 

Emitter cut-off current 
le= o; vrn = 5 v Imo < 10 µA 

Base emitter voltage* 
le= 500 mA; VcE = 1 V VBE < 1,2 v 

Saturation voltage 
le= 500 mA; Is= 50 mA VcEsat < 700 mV 

D.C. current gain 
I c = 500 mA; V CE = 1 V hFE > 40 

le= 100 mA; VcE = 1 V; BC337; BC338 hFE 1 DO to 600 

BC337A hFE 100 to 400 -
BC337-16 

hFE 100to 250 
BC338-16 

BC337-25 
hFE 160 to 400 

BC338-25 

BC337-40 
·hFE 250 to 600 

BC338-40 

Transition frequency at f = 35 MHz 
le= 10 mA; VcE = 5 V fT typ. 200 MHz 

Collector capacitance at f = 1 MHz 
IE=le=O;VcB=10V Cc typ. 5 pF 

D.C. current gain ratio of matched pairs 
BC327 /BC337; BC328/BC338 

typ. 1,25 
llcl = 100 mA; IVcEI = 1 V hFE1ihFE2 < 1,40 

* V BE decrenses by about 2 mV ;oc with increasing temperature. 

( A"gu" 1982 3 
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BC337 
BC337A 
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Silicon planar epitaxial transistors 
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BC337 
BC337A 
BC338 
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APPLICATION INFORMATION, see BC327; BC328. 
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l BC368 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant, intended for low-voltage, high-current l.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-8 audio output stages up to 3 W. 

QUICK REFERENCE DATA 

Collector-emitter voltage (V BE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D. C. current gain 
I c = 500 mA; V CE = 1 V 

Transition frequency at f = 35 MHz 
IC = 10 mA; V CE = 1 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

VcEs 

Vern 

lcM 

Ptot 

Tj 

hFE 

fT 

max. 25 v 
max. 20 v 
max. 2 A 

max. 1 w -
max. 150 oc 

85 to 375 

typ. 60 MHz 

Dimensions in mm 

'~ 
7Z78181A of:::::Q=~ == 

\.....-. 15,2max -..14-----12,7mm ----

0,67 
max 
> J o~ ~I ======= 

7Z70994.1 

diameter within 2,5 max I 
is uncontrolled _,.. 

J_ 

+ 0,49 t max 

October 1982 
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BC368 

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

Voltages 

Collector-emitter voltage (VBE = 0) VcES max. 25 v 
Collector-emitter voltage (open base) VcEO max. 20 v 
Emitter-base voltage (open collector) VEBO max. 5 v 

Currents 

Collector current (d. c.) Ic max. 1 A 

Collector current (peak value) IcM max. 2 A 

Base current (d. c.) IB max. 100 mA 

Base current (peak value) IBM max. 200 mA 

Power dissipation 

Total power dissipation at Tamb = 25 °c (in free air) ptot max. 0, 8 w 
up to Tamb = 25 °c 1) Ptot max. w 

Temperatures 

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 156 oC/W 

From junction to ambient 1) Rth j-a 125 OC/W 

From junction to case Rth j-c 60 OC/W 

1) Transistor mounted on printed-circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 

2 
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BC368 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector cut-off current 

IE = 0; Veg = 25 V 1CBO < 10 µA 

IE = O; Veg= 25 V; Tj = 150 oc Icgo < mA 

Emitter cut-off current 

le = 0; VEB = 5 V lEBO < 10 µA 

Base-emitter voltage 

Ic = 5 mA; VcE = 10 v VgE typ. 0, 62 v 

le= 1 A; VcE = 1 v VgE < v 

Collector-emitter saturation voltage 

le = 1 A; lg = 100 mA VcEsat < 0,5 v 

D. C. current gain 

Ic = 5 mA; VcE = 10 v hpE > 50 

le = 500 mA; V CE = 1 V hpE 85 to 375 

Ic=lA;VcE=lV hpE > 60 

Collector capacitance at f = 450 kHz 

IE =le = O; Veg= 5 v Cc typ. 27 pF 

Cut-off frequency 

le= lOmA;VcE =5V fhf e typ. 400 kHz 

Transition frequency at f = 35 MHz 

Ic = 10 mA; vcE = 5 v fT typ. 60 MHz 

D. C. current gain ratio of matched pair BC 36 8 /BC 369 

lie I = 500 mA; Iv CE I = 1 v hFEllhFE2 < 1, 4 

September 1976 II 3 
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BC368 II 
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____ Jl-- ~C369 

SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a plastic T0-92 variant, intended for low-voltage, high-current l.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-B output stages up to 3 W. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

D.C. current gain 
--le= 500 mA; -VcE = 1 V 

Transition frequency at f = 35 MHz 
-le= 10 mA; -VcE = 1 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

2 

,,:.~ 

-vcEs 

-VcEO 

-ICM 

Ptot 

Tj 

hFE 

fT 

max. 25 v 

max. 20 v 
max. 2 A 

max. 1 w 
max. 150 oc 

85 to 375 

typ. 60 MHz 

Dimensions in mm 

I+- S,2max _... ______ 12,7min ----
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0,67 
max 

diameter within 2,Smax I I 
is uncontrolled _. +-
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BC369 

11 

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

Voltages 

Collector-emitter voltage (VBE = 0) -VcES max. 25 v 
Collector-emitter voltage (open base) -VcEO max. 20 v 
Emitter-base voltage (open collector) -VEBO max. 5 v 

Currents 

Collector current (d. c.) -Ic max. A 

Collector current (peak value) -lcM max. 2 A 

Base current ( d. c.) -IB max. 100 mA 

Base current (peak value) -IBM max. 200 mA 

Power dissipation 

Total power dissipation at T amb = 25 °c (in free air) Ptot max. 0,8 w 
up to Tamb = 25 °c 1) Ptot max. w 

Temperatures 

Storage temperature Tstg -65 to + 150 QC 

Junction temperature Ti max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 156 0 c;w 

From junction to ambient 1) Rth j-a 125 oc;w 

From junction to case Rth j-c 60 oc;w 

.1) Transistor mounted on printed-circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 

2 
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---r~ 
BC369 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector cut-off current 

IE = O; -Vea= 25 v -Icoo < 10 µA 

IE= O; -Vea= 25 V; Tj = 150 °c -Icao < 1 mA 

Emitter cut-off current 

le = O; -VEB = 5 V -lEBO < 10 µA 

Base-emitter voltage 

-le= 5 mA; -VcE = lOV -VaE typ. 0,62 v 

-le = 1 A; -VcE = 1 v -VBE < 1 v 

Collector-emitter saturation voltage 

-Ie = i A; -Ia= 100 mA -VcEsat < 0,5 v 

D. C. current gain 

-le= 5 mA; -VcE = lOV hFE > 50 

-Ic = 500 mA; -VcE = 1 v hFE 85 to 375 

-le= 1 A; -VcE = 1 v hpE >· 60 

Collector capacitance at f = 450 kHz 

IE=Ie=O;-Vca=5V Cc typ. 45 pF 

Cut-off frequency 

- le = 10 mA: - V CE = 5 V :fiue typ. 350 kHz --Transition frequency at f = 35 MHz 

-Ic = 10 mA; -vcE = 5 v fT typ. . 60 MHz 

D. C. current gain ratio of matched pair BC 368 /BC 369 

Ire!= 500 mA; lvcEI = 1 v hFEllhFE2 < 1,4 

September 1976 II II 3 
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l BC375 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant, intended for low-voltage, high-current l.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb; 25 oc 

Junction temperature 

D.C. current gain 
lc;150mA;VcE;1 v 

Transition frequency at f; 35 MHz 
le; 150 mA; VcE; 1 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'~ 
7267145 

Vcso 

Vern 

lcM 

Ptot 

Tj 

hFE 

fy 

max. 25 v 
max. 20 v 
max. 1,5 A 

max. 800 mW 

max. 150 oc 

60to 340 

typ. 150 MHz 

Dimensions in mm 
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max 
~ 

diameter within 2,Smax I 
is uncontrolled _. 

I_ 

October 1982 

-



2 

BC375 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 25 v 
Collector-emitter voltage (open base) Vern max. 20 v 
Emitter-base voltage (open collector) Vrno max. 5 v 
Collector current (d.c.) le max. 1 A 

Collector current (peak value) lcM max. 1,5 A 

Base current (d.c.) Is max. 100 mA 

Base current (peak value) IBM max. 200 mA 

Total power dissipation 
at Tamb = 25 °c (in free air) Ptot max. 625 mW 
up to Tamb = 25 OC* Ptot max. 800 mW 

Storage temperature Tstg -65 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 200 K/W 

From junction to ambient * Rthj-a 156 K/W 

From junction to case Rth j-c 95 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE=O;Vcs=20V lcso < 100 nA 
IE=O;Vcs=20V;Tj= 150°C lcso < 5 µA 

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

Base-emitter voltage** 
le= 5mA;VcE= 10V VBE typ. 650 mV 
le= 700 mA; VcE = 1 v VBE < 1000 mV 

Collector-emitter saturation voltage 
typ. 250 mV 

le= 700 mA; Is= 70 mA VcEsat < 500 mV 
D.C. current gain 

le= 5mA;VcE=10V hFE > 55 
le= 150 mA; VcE = 1 v hFE 60 to 340 
le= 700 mA; VcE = 1V hFE > 35 

Transition frequency at f = 35 MHz 
le= 150 mA; VcE = 1 V fT typ. 150 MHz 

D.C. current gain ratio of matched pair BC375/BC376 
llcl = 150 mA; IVcEI = 1 V hFE11hFE2 < 2 

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

** VsE decreases by about 2 mV /K with increasing temperature. 

October 1979 



___ Jl_BC37-6 

SILICON PLANAR t=PITAXIAL TRANSISTOR 

P-N-P transistor in a plastic T0-92 variant, intended for low-voltage, high-current l.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. · 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

D.C. current gain 
-le= 150 mA; -VcE = 1 V 

Transition frequency at f = 35 MHz 
-le= 150 mA; -VcE = 1 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'-«? 7Z67146 

-Vcso 

-VcEO 

-lcM 

Ptot 

Tj 

hFE 

fT 

r S,2max -:--i------12,7min 

diameter w1thm 2,5 max I I 
is uncontrolled _. ,._ 

max. 25 v 
max. 20 v 
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-BC-376 Jl __ _ 

-----

RATINGS 

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

Collector-base voltage (open emitter) -Vcso 

Collector-emitter voltage (open base) -VcEO 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation 
at T amb = 25 °c (in free air) 

up to Tamb = 25 OC* 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to ambient* 

From junction to case 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O;-Vcs = 20 v 
IE= O; -Vcs = 20 V; Tj = 150 oc 

Emitter cut-off current 
lc=p;-VEs=5V 

Base-e~itter voltage** 
-le=' 5mA;-VcE=1ov 
-le= 700 mA; -VcE = 1 V 

Collector-emitter saturation voltage 
-le= 700 mA; -Is= 70 mA 

D.C. current gain 
-le= 5mA;-VcE=10V 
-le= 150mA;-VcE= 1 v 
-le= 700 mA; -VcE = 1 V 

Transition frequency at f = 35 MHz 

-VEBO 

-le 

-lcM 

-Is 

-IBM 

Rth j-a 

Rth j-a 

Rthj-c 

-lcso 
-lcso 

-IEBO 

-VsE 
-VBE 

-VcEsat 

hFE 
hFE 
hFE 

max. 25 v 

max. 20 v 

max. 5 v 

max. 1 A 

max. 1,5 A 

max. 100 mA 

max. 200 mA 

max. 625 mW 

max. 800 mW 

-65 to+ 150 oc 

max. 

< 
< 

< 

typ. 
< 
typ. 
< 

> 

150 oc 

200 K/W 

156 K/W 

95 K/W 

100 nA 
5 µA 

10 µA 

650 mV 
1000 mV 

280 mV 
500 mV 

55 
60 to 340 

> 35 

\ -lc=150mA;-VcE=1V fy typ. 150 MHz 

2 

D.C. current gain ratio of matched pair BC375/BC376 
llcl = 150 mA; IVcEI= 1 V hFE11hFE2 < 2 

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

** -VsE decreases by about 2 mV/K with increasing temperature. 

Oo<oboc 19791 



BC546 to 548 

SILICON PLANAR EPITAXIAL TRANSISTORS 

General purpose n-p-n transistors in a plastic T0-92 variant, especially suitable for use in driver stages of 
audio amplifiers. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up 
to Tamb = 25 oc 

Junction temperature 

Small-signal current gain 
le= 2 mA;VcE = 5 V;f= 1 kHz 

Transition frequency 
· lc=10mA;Vce=5V 

Noise figure at Rs = 2 kn 
le= 200 µA; Vee= 5 v 
f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig_ 1 T0-92 variant. 

3 

'~ 
7Z67tt.5 

VcEs max. 

Vceo max. 

lcM max. 

Ptot max. 

Tj max. 

hfe > 
< 

fr typ_ 

F typ_ 

BC546 BC547 BC548 

80 50 30 v 
65 45 30 v 

200 200 200 mA 

500 500 500 mW 

150 150 150 °c 

125 125 125 
500 900 900 

300 300 300 MHz 

2 2 2 dB 

Dimensions in mm 

!...,.._ S,2max -+-11-----12,7min ----

1 ° ~l=C:~ l~==="====i'"-' : ~~: 
diameter within 2,5 max I I 
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BC546 to 548 

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

BC546 BC547 BC548 

Voltage 

Collector-base voltage (open emitter) VcBo max. 80 50 30 v 
Collector-emitter voltage (VBE = 0) VcES max. 80 50 30 v 
Collector-emitter voltage (open base) VcEO max. 65 45 30 v 
Emitter-base voltage (open collector) VEBO max. 6 6 5 v 

Current 

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

Collector current (peak value) 1cM max. 200 mA 

Emitter current (peak value) -IEM max. 200 mA 

Base current (peak value) IBM max. 200 mA 

Power dissipation 

Total power dissipation up 
to Tamb = 25 °c Ptot max. 500 mW 

Temperature 

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 0,25 0 c/mW -
From jtm.ction to case Rth j-c 0,15 0 c;mw 

2 
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BC546 to 548 

II II 
CHARACTERISTICS (continued) Tj = 25 °c unless otherwise specified 

BC546 BC547 BC548 
Small si~al.current gain at f = l kHz 

1c = 2 rnA; V CE = 5 V 
> 125 125 125 

hfe < 5b0 900 900 
Noise figure at Rs = 2 kQ 

Ic = 200 µA; VcE =,5 v 
f = l kHz; B = 200 Hz F 

typ. 2 2 2 dB 
< 10 10 10 dB 

BC546A BC546B 
BC547A BC547B BC547C 
BC548A BC548B BC548C 

D.C. current gain 

Ic = 10 µA; V CE = 5 V hFE typ. 90 150 270 

> llO 200 420 
Ic = 2 rnA; V CE = 5 V hFE typ. 180 290 520 

< 220 450 800 

h parameters at f = l kHz (common emitter) 

Ic = 2 rnA; V CE = 5 V 

> 1,6 3,2 6 kQ 

Input impedance hie typ. 2,7 4,5 8,7 kQ 

< 4,5 8,5 15 kQ 

Reverse voltage transfer ratio hre typ. 1,5 2 3 10-4 

- > 125 240 450 - Small signal current gain hfe typ. 220 330 600 
< 260 500 900 

Output admittance hoe 
typ. 18 30 60 µA/V 
< 30 60 110 µA/V 

4 ll II 
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II BC546 to 548 

hpE 
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BC546 to 548 

II II 
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3QQ r----r---r-"'T""'T"T"T"'l"TT"""-,....-..--.-'7'T'Z 6,_,,139;.;..";.., 

Ic/Ia=20 
Vee sat t---+-+--+--++++-H---1 Tj = 2 S°C 
lmV) 

200 t---+-+--+--++++-H--1--~~'4-l-l 

o, 10 IclmA) 102 

6 II 

10 Ic (mA) 102 

7Z61400 
7 

~~d v v 
lmV) 1-+--+--1-117....,.q--+--+-+..L!-~hA--+---l-l-+-~ 

1so1-+--.~v---+-+_so~.L'l'+-l-+--+--l-l-+-~ 
~ /1 

typical values I-
Ic/I 8 =20 

0 -so 0 SO Tj 1°Cl 100 

II 
May 1973 



Ic=100mA 

10" 

0.1-.j-

-----
Typical behaviour of base current versus junction temperature 

May 1973 II II 
7 



BC546 to .548 II' 

400 

fr 
(MHzl 

200 

10-l 

500 

Vee =5V 
Tj=25°C 
f=35MHz 

~ 
} 

~ 
I 

I 

7 

7/ 
600 

,_, 

[71 

700 

ty~ 

ZI x 
7 

P7 
iA"1 

_.,..,...... 

0 
10-1 

8 

i..--1 
!,...---' 

II 

II 

800 900 
VBE (mV) 

7Z68047 

~ ~ 
~ ~ 

~ f\J 
~ 

~ 

10 IclmAI 10 2 

II May,,,, 



II 
7Z61398 

1 O t-+-t--+--lf-+---+-4-4-1 IE =I e = 0 t--+--1 
t-+-t--+--lf-+---+-4-4-l f = 1 MHz ~ 

Tj=25°C H 
Cct-t--+-+-+-+--+--1-+--+-'-~~-1-1-~ 

( p FI t-t---t--t-t-+-+--i-+---l-l-+---1-l-+---l 

7. 5 t-t--+-+-+-+--+---1-+-+-l'"-+--l--l-l-~ 

\ 

2.5 t-+-+-+~--""" ... ty,!,.Jp-++-J-1.--l--l--l---l--l 
~ 

10 20 Vc 8 (VI 30 

May 1973 
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11 BC546 to 548 

Ic=Ic=O 
Ce t--+-+--+--+--+--1 f = 1 MHz 1--1 

(pFI Ti= 25°C 

! 
--

10 \ 

~ 
~yp 

2.5 VEB (VI 5 

II 
9 



BC546 to 548 

II II 
1Q2~~~~~~~~~~~~~~~§j§±~~~~~~7Z~66~46~011 typ. values ~ 

Tj 25 oc ~ ~ l { BC547C 
f = 1 kHz t-H-t-1'1\oi?M~~~~+--+-++W-t-1-1---l--1 BC548C 

hie t----'-':..:::r---l--lH+l~l'liJ!~~~,-b-~-1--1-1--l-l-l-l-l----i__J 
(k Q) t-----t---l--lH+ll+t4'~--i"~ i-+-+-+-++++---1-----l { BC546B 

r---t---t-+-IH-H++--~~~~.-"--1~~-l-W-l.:..U---L__J 2 BC547B 
~~ BC548B 
~ ~ 2 ~ VcE=lOV 

r---+--+-1--+--1H--l-+-i-----1--1-y -5 v ~ ~ f'l.... ~ 
CE- ~ ~ N 

Ic (mA) 10 

1 o4r-;;;~;J;";;;r:::::i::::+::i=t:::P:+:===:::i:::::::r:::::~::i=~:::i::==::r==r-~~n~··~··""-,'·' 
I typ. values t--t-t-t-t-+H---l--+-+-H--+-1---1--1---+---l 
Tj=25 oc l { BC547C 
f = 1 kHz BC548C 

~ {oc~~ 
t---t--t--l-+-H-+++---+-1--1--l-+l-l-l-l----l-__J 2 BC54 7B 

BC548B 

3 { BC546A 
BC547A 
BC548A 

103t=====t==!==l=~~+t==:::::t==i=i=i:i=l:::!::l::!:;---7:-:::±=i::::r:::i::Pw:l 
r----+---t--tr-+-+-IH-++---+--t--+-J.--+-+-l-l-f.VcE-lOV-1--1-+-+-1--+-+-1 

5V 
lOV 

1----+---+---+-l ~ 5 V-t---t--+-+-++-H 

~--i---+--+ 2[1::==i~IfiJ;;;;:===i===+==t-tt=H1f;;:;::;:====1~i·.~~~1==tf=r=Fffl 
3 t::==F' 

102 L-~-'----l---lL....L...J.....1LI.J...1-_-L_L-.L-1-L.LLLL_....:..J._J_J_LLJ_J_D 

10-2 Ic (mA) 10 

10 

11 II 
May 1973 



I l--;;C546 to 548 

7266459 1 

io2 r-~--:-t==i:::::+=1=+:+:++===::+==+=t==t=R=i+t====i==r----:----'-'==1 
typ. values f--+-4---+-f-Hl+-----+-+-+-1r--t-++t-t------t--; 1 { BC547C 
f = I kHz BC548C 

t-- I~ 
hre Ti= 25 oc N { BC546B 

(10-4) 2~ I' ~ 2 BC547B 
1----+---+--+ 31.-'1'1"1.l"'"'k-l-+N~...,______,r-----+--+-+-t-H+t---i-------i BC548B 

~~ 

1----1---+---l-+--t-+-+++--V - IO V ~ ~ ~ 
CE- l"r),~~ 

le (mA) IO 

~~~ :~l~~sIO V :=~:i::i::i::::::=====:===::=::::~ 
f=lkHz 

{ BC547C 
I BC548C 1---+--+-+--+---t-t--r-1 

hoe { BC546B 
(µA/V) Ti= 2S oc 2 BC547B 

1----~~--1---l---4-+++---+--+--+-t---1 BC548B >-----+--+--t-+--+-r-v...-.Jl 
lt1 

May 1973 
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{ 
BC546A 

3 BC547A 
BC548A 

Ic (mA) IO 
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BC549 
BC550 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in plastic T0-92 variants, primarily intended for low-noise input stages in tape 
recorders, hi-fi amplifiers and other audio-frequency equipment. 

QUICK REFERENCE DATA 
' 

Collector-emitter voltage (VBE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

Small-signal current gain 
le= 2 mA; VcE = 5V;f=1 kHz 

Transition frequency 
I c = 10 mA; V CE = 5 V 

Noise figure at Rs= 2 k.Q 
lc=200µA;VcE=5V 

f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

f = 10 Hz to 50 Hz (equivalent noise voltage) 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

VcES 

VcEO 

lcM 

Ptot 

Tj 

hfe 

F 

max 

max 

max 

max 

max 

> 
< 

typ 

typ 

< 
typ 

< 

BC549 

30 

30 

200 

500 

150 

240 
900 

300 

1,4 
4 

1,2 

BC550 

50 v 
45 v 

200 mA 

500 mW 

150 oc 

240 
900 

300 MHz 

1,4 dB 
3 dB 

1 dB 

0,135 µV 

Dimensions in mm 

3 

'-«? LJ •o,4o 
l=::l:~:;r::============:i: t m1 n 

7Z67145 

0,67 
max 

Ji I 0 i::::::c::t==~ I ~ 
7270994 1 

t 0,49 
t max 

d.iameter within 2,5 max I 
1s uncontrolled __. 

I_ 
October 1982 
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BC549 
II II BC550 

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

BCS49 BCSSO 
Voltage 

Collector-base voltage (open emitter) Vcoo max. 30 so v 
Collector-emitter voltage (VBE = 0) VcES max. 30 so v 
Collector-emitter voltage (open base) VCEO max. 30 4S v 
Emitter-base voltage (open collector) VEBO max. s s v 

Current 

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

Collector current (peak value) 1CM max. 200 mA 

Emitter current (peak value) -!EM max. 200 mA 

Base current (peak value) 1BM max. 200 mA 

Power dissipation 

Total power dissipation up to 
Tamb = 2soc Ptot max. soo mW 

Temperature 

Storage temperature Tstg -6S to +ISO OC 

Junction temperature Tj max. lSO oc 

THERMAL RESISTANCE 

-- From junction to ambient in free air Rth j-a 0,2S 0 c/mW 

From junction to case Rth j-c 0, lS °C/mW 

2 

II 
October 1973 
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BC549 
BC550 

CHARACTERISTICS Tj = 25 °c unless otherwise specified 

Collector cut-off current 

IE = O; VcB = 30 V 1cBO < 15 

IE= O; VcB = 30 V; Tj = 150 °c le BO < 5 

Base emitter voltage 
typ. 660 

le = 2 mA; V CE = 5 V VBE 580 to 700 

le = 10 mA; V CE = 5 V 

Saturation voltages 2) 

Ic = 10 mA; IB = o, 5 mA 

le = 100 mA; IB = 5 mA 

Knee voltage 

le = 10 mA: IB = value for which 
Ic = 11 mA at v CE = l v · 

Ic 
(mA) 

VBE 

VcEsat 

VBEsat 

V CEsat 

VBEsat 

VcEK 

Ia 
11 ---:;,.-=-~-~-_.;;----
10 

Ve EK 

Collector capacitance at f = 1 MHz 

IE = le = O; V CB = 10 V 

Emitter capacitance at f = 1 MHz 

le =le = O; VEB = 0, 5 v 

Transition frequency at f = 35 MHz 

le = 10 mA; v CE = 5 v 

7261396 

VcE(V) 

cc 

Ce 

fT 

< 

typ. 
< 

typ. 

typ. 
< 

typ. 

typ. 
< 

typ. 
< 

typ. 

typ. 

1) VBE decreases by about 2 mV ; 0 c with increasing temperature. 
2) VBEsat decreases by about 1, 7 mV ; 0 c with increasing temperature. 

October 1973 

II 

770 

90 
250 

700 

200 
600 

900 

300 
600 

2,5 
4,5 

9 

300 

nA 

µA 

mV 
mV 

mV 

mV 
mV 

mV 

mV 
mV 

mV 

mV 
mV 

pF 
pF 

pF 

MHz 

3 



BC549 

II II BC550 

CHARACTERISTICS (continued) Tj = 25 °c unless otherwise specified 

BC549 BC550 
Small signal current gain at f = 1 kHz 

le = 2 rnA; V CE = 5 V hfe 
> 240 240 
< 900 900 

Noise figure at Rs = 2 k!.1 

lc=200µA;VcE=5V 

f = 30 Hz to 15 kHz F 
typ. 1, 4 1, 4 dB 
< 4 3 dB 

f = 1 kHz; B = 200 Hz F 
typ. 1,2 1 dB 
< 4 4 dB 

Eguivalent noise voltage at Rs = 2 kQ 

le = 200 µA; V CE = 5 V 

f = 10 Hz to 50Hz; Tamb = 25 °c v max. 0, 135 µV n 
BC549B BC549C 
BC550B BC550C 

D. C. current gain 

Ic = 10 µA; V CE = 5 V hpE typ. 150 270 

> 200 420 
le = 2 rnA; V CE = 5 V hFE typ. 290 520 

< 450 800 

h parameters at f = 1 kHz (common emitter) 

le = 2 rnA; V CE = 5 V 
> 3,2 6 kQ -- Input impedance hie typ. 4,5 8, 7 kQ 
< 8,5 15 kQ 

Reverse voltage transfer ratio hre typ. 2 3 10-4 

> 240 450 
Small signal current gain hfe typ. 330 600 

< 500 900 

Output admittance hoe 
typ. 30 60 µA/V 
< 60 llO µA/V 

4 

II 
October 1973 



II 
750 

VcE=5V 
Tj =25 °c 

500 

J.--
250 

1-~ ---
i--

0 
10-2 

. 

--' 
i--

'--...... 

10-l 

max 

typ -
min 

10 

........ 

'i"'..J 

j..._ 

BC549 
BCSSO 

1?67500 A 

BC549B 
BC550B 

"' 
~ 

t-..1 

Ic (mA) 102 

V c E = 5 V t-t---t-t-ttt---+--l-+-+-1-++++---l--l--l-~l--l-Wl----l'--I BC549C 
TJ·=250C t---t11ttt---t---J--t-H-tttt--+--++-H-H-+1f----l~~B~C~55~0~C:-rl hpE I 

r--.-,-t-t++ttt--+--l-+-H-l+t+::m~ax-::::-+-!--+.....J-1-W-1-l---1--l--l-W-W...W 

10-l 10 Ic (mA) 

October 1973 II II 5 



BC549 
BCSSO 

300 ,....___,.__,.-,..............,......,....--,....._,,_~7-rz 6+'-13FT97 +.1 

Ic/1 8 =20 
V CE sat >----+--+--+-t-++-+++-----< Tj = 2 5 °C 

(mVl 

200 t----+--+-+-t-t-t-rtt--+--+-t--t-t-H-+.l 

v 
typy 

, oo i----+--+---+-................... v--L..--+---+-+-+-+-++ ... 

o, 10 Ic!mA) 102 

I.' 

600 

6 II 

11 

7Z61400 

z 
I-+--+-+-+- I I I c = .LI IZJJL 

ZOO 100mA _L'l 

Vy ~ 
Ve Es at 1-+--r--t--t-tV'"-,l't--t--t-t---t-,V--t-t--+-1 
!mVl i-+--r--i-~v-+-+-+-..Ll-1~--..--1-+-+-+--1 

1501-+--r-~~--r--t-~S;O..L~--1-+-+-+---1-+-1 

700 

~ /1 

100 P' 

so ..¥' v 

800 900 
v1m (mV) 

10 
V1 

October 1973 
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F 
(dB) 

4 

2 

0 
10-l 

_ ..... 
........ 

October 1973 
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II 
104 

IB s 

(µA)' 
103 

typical behavio~ 

-
10 """ 

""" ~ 

" 
10-2 

-50 

,..... 
T--1-

II 

-...... 

0 50 

7Z66482 1 

VcE =5V 

Ic=l1DomA-

J_ 

·~omA-1 

2mA--1 

0,lmA_ 

o11mA-

100 150 
Tj (OC) 

10 

-i---- ~;-------- --
BC549 
BCSSO 

7Z66462 1 

I 
typ. values 
Ic =0,2mA 
VcE=5V 
Rs=2kQ 
B=200Hz 
Tj =25 oc 

BC549 
BC51o 

f (kHz) 

II 
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BC549 
BCSSO II 

,_........ _ __,Vee =SV 

II 

1-----1 T1=25°C l-+-t+t+---f---1---l--+-l-H-t+V----::::;-;-....t--t--l--t+t-H 
fT f=35MHz 1 ~ ~ 

!MHz) r L'-
1----+-__,c---1-+-1-1-+-++----+--+-+-l--+--vt-H----1---+--+-''l--l--+++-1 

~ ~~ 
l----+-__,f---il-+-1-1-+-++----+--typ 17 

2001----+--+--+-+-+-t-+-t-+---+---,~iL:-+-+-+-t--t-Hc----t---l---t--+-+-t"--!t+-f 
vL-

o,__~_.____,'"----'._.___.__.._._._~~__._~..__~_._~~~~~~~~~~ 

10-1 10 Ic!mAl 10 2 

ns1Jsa 

10 IE =Ie=O t-H 
f = 1 MHz t-H Ti=25°C 

Cc 
(pFJ 

7.5 

2.5 1--1--+-+l'--f""..,ty""p -+--+-+-+-+--+-11-l--I 
~ 

o._.._._...._. ........... _._.._..._._~._.__._...__. 
O 10 20 Vea (V) 30 

8 II 

15 

c. 
(pF) 

10 

5 

7261399 

Ic=I,=0 
f = 1MHz t--
Tj = 2s 0 c 

! 
\ 
~ 
~ 
~YP 

N 
i"--i--.... 

N 

2.5 VEB (V) 5 
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± r. 
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Curves of constant noise figure 
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~J' 
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~ N 

~ 
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Curves of constant noise figure 
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BC549 
BCSSO 

7Z66467 

BC549 

typical values 
VcE=0.5 to10V 
If =1 kHzl 
B=200Hz 
Ti=25°C 

104 Rs (kfil 105 

7Z66466 

BC549 

typical values 
VcE=0.5 to10V 
if=10kHzl 
B=200Hz 
Ti=25°C 

104 Rs (kfi) 105 

9 
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BC549 
BCSSO 

102 

Ic 
(mA) 

10 

Ic 
(mA) 

10 

10 

r 
I 

! 
1 

..)-" 

II 

1 A 
I\ 

T 

\ 

II 
7Z67B3S 

BC550 

ill 
typical values 
VcE=0,5 to lOV 

~ lf=lkHzl 
B=200Hz 

~ 
1"' Tj =25 oc 

1"'N N -H- ~ 1" ~~ 
"' ~ ~.,,.o 

~a?&~ ~ 
N 'Ill ~ 
~~~ ~~ 
~. [\,. 

~ rssi 

' ~ I'\ r\ 

1 10 102 104 

Curves of constant noise figure Rs (kQ) 

7Z6783' a 

BC550 

typical values 
VcE=0,5 to lOV 

lf=lOkHz I 
:x: B=200Hz 

"'" Tj=25 °c 

" ~ 
N K 

l'; 

~"' t'\. 
.,,.0 

x:;r= ~ ~ y~ l'J.,,. "'~ ~ IV ~~f\ 
N 

~ 
]'\ ~ 

~\ l\ 

Curves of constant noise figure 

II II 
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I 
BC549 
BC550 

2 { BC549B 
BC550B 

iL----1..__JL..._L.......L-LL..U...l---L.-.l..-.J......J-1...~U----L--'--'-._._ ................ 

10-2 10:-l ~c (mA) 10 

7Z67505 

io4 r:::::-:::;:'.:::l==lr:::+:::i::1:::P+====i:==i:=i=:+=i=l=R+:===i:==:r---;-::'.:':::l typ. values l--+-1--+-++H---+-+-+-t-++++t------t---i 1 { BC549C 
Tj = 25 °c BC550C 
f=l kHz 

1---+-~f--l-+--+-1f-H+---+-t-+-t-t-rHH----+-----1 2 { BC549B 
hfe BC550B 

sv 
lOV 

1----1---+--+l~ 5 V-+---->--+-+--+-+--t-1 

t----+--+--+ 2~1== 

1Q2L---1-__JL..,_L......J.....J....JL..U...l---L.-.l..-.J......J-1...~U----L--'--'-....................... 

10-2 1 Ic (mA) 10 
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BC549 
BCSSO II II 
102r---:----i::::i:::::::i:+:1:::::i::++:===::i:==r:=:i::::::+::::i=J:P:+====i:==r---:-~1~z•~'so=-,' 

typ. values t--+-+-+-+-+-1'+-----+-+--+--11-1--1-1-H----+--1 1 { BC549C 
f = 1 kHz BC550C I-- lk~+-+++t----1----+---+-l-+-++++---I---! 
Tj=25 °c "-"" 

hre ~ 2 { BC549B 
2& ~ .. BCSSOB 

(10 -4) t----l---ff---ll--+~-"l~~--f-1'o" ..... ~--l----l---1---1-l-l-l-l-l----1-----l-~~~-.-.-1 
f'~~ 

1 Ic (mA) 10 

103.-------.......,.....,""T"T.,----.--.--,......,.--.------.--..-......... ~'~'·r1s:;.=,-,o• 

hoe 
(µA/V) 

typ. values { BC549C 
. VcE=5 to IOV 1--1-++-H----+-+--+-+--l 1 BCSSOC :::::=::=::::::::::::::::::: 

12 

f=l kHz 
Tj=25 °c 

II 

{ BC549B 
1--1-++-H-----+-+--+-+--l 2 BCSSOB 1----+--+-l-+-+-+-H 

~ 

L IL 

~ 1/1 

Ic (mA) 10 

October 1973 



BC556 to 558 

SILICON PLANAR EPITAXIAL TRANSISTORS 

General purpose p-n-p transistors in plastic T0-92 envelopes, especially suitable for use in driver stages 
of audio amplifiers. 

QUICK REFERENCE DATA 

BC556 BC557 BC558 

Collector-emitter voltage(+ VsE =. 1 V) -VcEX max. 80 50 30 v 
Collector-emitter voltage (open base) -VcEO max. 65 45 30 v 

Collector current (peak value) -lcM max. 200 mA 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 500 mW 

Junction temperature Tj max. 150 oc 

Small-signal current gain 
-le= 2 mA;-VcE = 5 V; f = 1 kHz hfe 75 to 900 

Transition frequency at f = 35 MHz 
-le= 10 mA;-VcE = 5 V fT typ. 200 MHz 

Noise figure at Rs= 2 kn 
-le= 200 µA; -VcE = 5 v 
f = 1 kHz; B = 200 Hz F < 10 dB 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-92 variant. 

3 

'~ D ~ 
+ 0,40 
t min 

7?67146 

I-+- 5,2ma• -~----12,?min ----, 

I o~ ~ 1. ======:::::J: : ~~: _ F ,,, ..... 
diameter within 2,5 max I I 
1s uncontrolled .... ...._ 
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BC556 to 558 

RATINGS 

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

BC556 BC557 BC558 

Collector-base voltage (open emitter) -Vcso max. 80 50 30 v 
Collector-emitter voltage(+ VsE = 1 V) -VcEX max. 80 50 30 v 
Collector-emitter voltage (open base) -Vern max. 65 45 30 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 

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

Collector current (peak value) -lcM fl'tax. 200 mA 

Emitter current (peak value) IEM max. 200 mA 

Base current (peak value) -lsM max. 200 mA 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 500 mW 

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 250 K/W 

From junction to case Rth j-c 150 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified. 

Collector cut-off current 
typ. 1 nA 

IE= O; -Vcs = 30 V; Tj = 25oc -lcso < 15 nA 
Tj = 150 oc -lcso < 4 µA 

Base-emitter voltage* 
typ. 650 mV 

-Jc= 2mA;~VcE=5V -VsE 600 to 750 mV 
-le= 10 mA; -VcE = 5 V -VsE < 820 mV 

- Saturation voltages** 
typ. 60 mV 

-le= 10 mA; -Is= 0,5 mA -VcEsat < 300 mV 
-VsEsat typ. 750 mV 

-le= 100 mA; -Is= 5 mA -VcEsat 
typ. 180 mV 
< 650 mV 

-VsEsat typ. 930 mV 

-* -VB E decreases by about 2 m V /K with increasing temperature. 
-** -VBEsat decreases by about 1,7 mV /K with increasing temperature. 

2 J"'' 19821 
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Silicon planar epitaxial transistors 

Knee voltage 
-le= 10 mA; -Is= value for which 
-le= 11 mA at-Vee= 1 V -VceK ~P· 

-Ic 

250 
600 

(mA) -r 8 
11 ---::;;.;;;.------.,;---..:....---
10 -

7Z60132 

-Ve EK -VcE (VJ 

Fig. 2. 

Collector capacitance at f = 1 MHz 
le= le= O;-Vce = 10 v Cc typ. 4 

Transition frequency at f = 35 MHz 
-le= 10 mA; -Vee= 5 V fr typ. 200 

Small-signal current gain at f = 1 kHz 
-le= 2 mA; -Vee= 5 V hfe 75 to 900 

Noise figure at Rs = 2 k.\1 
-le= 200 µA;-Vce = 5 v typ. 2 
f = 1 kHz; B = 200 Hz F < 10 

BC556 BC556A BC556B 
BC557 BC557A BC557B 
BC558 BC558A BC558B 

D.C. current gain > 75 125 220 
-lc=2mA;-Vce=5V hFE < 475 250 475 

BC556 to 558 

BC557C 
BC558C 

420 
800 

mV 
mV 

pF 

MHz 

dB 
dB 

-
-
-

-

3 

---
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BC556 to 558 

le BC556B 

I mA I 1---1---1------<~ g ~m""Htt--+-----1-+-_, 
J_ J 

750 1000 
-VsE (mV) 

Fig. 3 -VcE = 5 V; Tj = 25 oc. 
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Fig. 5 -VeE = 5 V; le= 10 mA. 
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Fig. 8 -VcE = 5 V; Tj = 25 oe; 
f=35MHz. 
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Silicon planar epitaxial transistors BC556 to 558 

BC557C 
BC558C 

BC556B 
BC557B 
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Fig. 9 -VeE = 5 V; Tj = 25 oe. 
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BC556 to 558 

-

-

6 

h;e ~ BC55 7C+-++--+--+-+-+-+-f-++< 
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~11-, BC556B'+-++++H-1 
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Fig. 13. 

10 

For Figs 12, 13, 14 and 15 the following conditions apply: -VcE = 5 V; f = 1 kHz; Tj = 25 oc. 
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BC559 
BC560 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in a plastic T0-92 variant, primarily intended for low-noise input stages in tape 
recorders, hi-fi amplifiers and other audio-frequency equipment. 

QUICK REFERENCE DATA 

Collector-emitter voltage (+ VBE = 1 V) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to 
Tamb = 25 oc 

Junction temperature 

Small-signal current gain 
-le= 2 mA;-VcE = 5 V; f= 1 kHz 

Transition frequency 
-le= 10 mA; -VcE = 5 V 

Noise figure at Rs= 2 kQ 
-le= 200 µA; -VcE = 5 v 
f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

·-«? 
7Z67146 1 

-VcEX 

-VcEO 

-lcM 

Ptot 

Tj 

hfe 

fT 

F 

F 

D ~ 

BC559 BC560 

max. 30 50 v 
max. 30 45 v 
max. 200 200 mA 

max. 500 500 mW 

max. 150 150 oc 

> 125 125 
< 900 900 

typ. 200 200 MHz 

typ. 1,2 1 dB 
< 4 3 dB 

< 4 4 dB 

Dimensions in mm 

t 040 
t ~in 

1-- S,2max -i.------12,?min ----

1 o~ l=C= l===I ======,,===::J, ... , : ~~; 
diameter within 2,5 max I I 
is uncontrolled _... +-

( o"""'" 1982 

-
-
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BC559 
BC560 

RATINGS 

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

Collector-base voltage (open emitter} -Vcso max. 

Collector-emitter voltage(+ VsE = 1 V) -VcEX max. 

Collector-emitter voltage (open base} -Vern max. 

Emitter-base voltage (open collector) -Vcso max. 

Collector current (d.c.) -le max. 

Collector current (peak value) -lcM max. 

Emitter current (peak value) IEM max. 

Base current (peak value) -IBM max. 

Total power dissipation up to 
Tamb = 25 oc Ptot max. 

Storage temperature Tstg 
Junction temperature Tj max. 

- THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 
From junction to case Rthj-c 

BC559 BC560 

30 50 v 
30 50 v 
30 45 v 

5 5 v 
~-

100 mA 

200 mA 

200 mA 

200 mA 

500 mW 

-65to+150 oc 

150 oc 

250 K/W 

150 K/W 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector cut-off current 

IE= O;-Vcs = 30 V; Tj = 25 oc -lcso 
typ. 1 nA 
< 15 nA 

Tj = 150 oc -lcso < 4 µA 

Base-emitter voltage* 
typ, 650 mV 

-lc=2mA;-VcE=5V -VsE 600 to 750 mV 
-le= 10 mA; -VcE = 5 V -VsE < 820 mV 

- Saturation voltages** 

-le= 10 mA; -Is= 0,5 mA v typ. 60 mV 
- CEsat < 300 mV 

-VsEsat typ. 750 mV 

-le= 100 mA; -Is= 5 mA v typ, 180 mV 
- CEsat < 650 mV 

-VsEsat typ. 930 mV 

- * -VBE decreases by about 2 mV/K with increasing temperature. 
- ** -VBEsat decreases by about 1,7 mV/K with increasing temperature. 

2 October 1982 



Silicon planar epitaxial transistors 

Knee voltage 

-le= 10 mA; -Is= value for which 
-le= 11mAat-VcE=1 v 

-Ic 
(mAJ 

11 
10 -

-VcEK 

Collector capacitance at f = 1 MHz 

IE=le=O;-Vcs=10V 

Transition frequency at f = 35 MHz 

-le= 10 mA; -VcE = 5 B 

Small-signal current gain at f = 1 kHz 

-lc=2mA;-VcE=5V 

Noise figure at Rs= 2 kS1 

-le= 200 µA; -VcE = 5 v 

f = 30 Hz to 15 kHz 

f = 1 kHz; B = 200 Hz 

Equivalent noise voltage at Rs = 2 kS1 

-le= 200 µA; -VcE = 5 v 
f = 10 Hz to 50 Hz; T amb = 25 oc 

D.C. current gain 

-le= 2 mA; -VcE = 5 V 

-VcEK typ. 
< 

-Is 

7Z60132 

-VcE (VJ 

Fig. 2. 

Cc typ, 

fT typ. 

hfe 

BC559 

F 
typ. 1,2 
> 4 

F 
typ, 1 

< 4 

Vn < 
BC559 BC559A 
BC560 BC560A 

hFE 
> 125 125 
< 475 250 

BC559 
BC560 

250 mV 
600 mV 

4 pF 

200 MHz 

125 to 900 

BC560 

1 dB 
3 dB 

1 dB 
4 dB 

0, 11 µV 

BC559B BC559C 
BC560B BC560C 

220 420 
470 800 

-
-

<l-
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Silicon planar epitaxial transistors BC559 
BC560 
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BC559 
BC560 

10' 

h,e 
(k!1) 
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Fig. 12. 
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Fig. 13 

For Figs 12, 13, 14 and 15 the following conditions apply: -V CE = 5 V; f = 1 kHz; Tj = 25 °c. 
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Silicon planar epitaxial transistors 
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BC635; BC637; 
BC639 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a plastic T0-92 variant, primarily intended for use in driver stages of audio 
amplifiers. P-N-P complements are BC636, BC638 and BC640. 

QUICK REFERENCE DATA 

BC635 BC637 BC639 

Collector-base voltage (open emitter) Vcso max. 45 60 100 v 
Collector-emitter voltage (open base) VcEO max. 45 60 80 v 
Collector-emitter voltage (RsE = 1 kn.) Vern max. 45 60 100 v 
Collector-current (peak value) lcM max. 1,5 1,5 1,5 ~ 

Total power dissipation 
up to T amb = 25 oc Ptot max. 1W 

Junction temperature Tj max. 150 150 150 oc 

D.C. current gain > 40 40 40 
le= 150mA; VcE = 2 v hFE < 250 160 160 

Transition frequency 
le= 10 mA; VcE = 5 V fT typ. 130 130 130 MHz 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-92 variant. 

2 

,,:~ D ~ 
• 0,40 
t min 

1-- S,2max -+ 12,?min 

I o~ t=:c:: l===i ========,,==::::::J..... : ~!; 
diameter within 2,Smax I / 
is uncontrolled -+ ..., 

October 1982 
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BC635; BC637; 
BC639 II 

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

Voltages BC635 BC637 BC639 

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

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

Collector-emitter voltage ,tRBE = 1 kQ) VcER max. 45 60 100 

Collector-emitter voltage (RBE = 0) VcES max. 45 60 100 

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

Currents 

Collector current (d. c.) re max. A 

Collector current (peak value) lcM max. 1,5 A 

Emitter current (peak value) -IEM max. 1, 5 A 

Base current (d. c.) IB max. 100 mA 

Base current (peak value) 1BM max. 200 mA 

Power dissipation 

max. 0,8 w 

v 
v 
v 
v 
v 

Total power dissir:iation at T amb = 25 °c Ptot 
up to Tamb = 25 °c Ptot max. w 1) 

Temperatures 

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 156 0 c;w 

From junction to ambient Rth j-a 125 0c;w 

From junction to case Rth j-c 60 °C/W 

1) Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 

1) 

2 

II 11 
April 1974 



II 
. BC635; BC637; 

BC639 

CHARACTERISTICS TJ = 25 °c unless otherwise specified 

Collector cut -off current 

lE=O;Vc3=30V 

IE ~ 0; VcB = 30 V; Tj = 150 °c 

Emitter cut -off current 

le = O; VEB = 5 V 

Base-emitter voltage 

Ic=500mA;VcE=2V 

Saturation voltage 

le = 500 mA; IB = 50 mA 

D. C. current gain 

le = 5 mA; v CE = 2 v 

le = 150 mA; VcE = 2 V 

le = 500 mA; v c E = 2 v 

Transition frequency at f = 35 MHz 

Ic = 10 mA; v CE = 5 v 

0. C. current gain ratio of matched pairs 

IIci= 150 mA;IVcEi= 2 v 
BC635/BC636, 
BC637 /BC638 and 

le BO < 

le BO < 

!EBO < 

VBE < 

VcEsat < 

hpE > 

hpE 
> 
< 

hpE > 

fT typ. 

BC639/BC640 hFEl/hFE2 

Odobec 1973 11 

100 nA 

10 µA 

10 µA 

v 

0,5 v 

BC635 BC637 BC6:l9 

25 25 25 

40 40 40 
250 160 160 

25 25 25 

130 MHz 

--
typ. 1, 3 
< 1, 6 
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BC635; BC637; 
BC639 

t-+-1 0=1 

0,5 

0,2 

0,1 

10 
r- o~b5 

0,02 

~ ~ ~ 

1--"i.-t ..Ll 

0,01 

gfll 
1 
10-5 10-4 10-3 

Ic 
(mA) 

10 

4 II 

7Z67673 

I 

1--i ~ I 

~ 
~ 

10-2 10-l 1 10 

7ZIOll 4S 

VcE=2V 
T1 =25°C 

max Is 
":Ji! 

v 

~ 1'I 

z 

~ 

if 
10 102 Ie (mA) 103 

II August 1973 



II 
150 

100 

I--
J...-""1 

........... 

50 

,0 
1 

August 1973 II 

typ. behaviour 

i-- t-... 

"' :::si 
Cl 

~ 

10 

600 r-r-"T""T""T"""T"...,.....,....,....,,........,.-,.-"T""T".....,....,.1z..,.101-."'-. 

Ici-+-+-++-++-+-+-l-+-1-+-+-++++-+-+-1 

(mAI t-+-+-+--+-+--r-t---+-<--+-t-+-+-+--+-+--+-+-+-t 

1-+-+-+-+-1-+-+-11--1-+-+-1-1 VcE = 2 V t-+
lj_ = 25°C 1-+-

1-+-+-1--+-+-typ H P1f1X VsE-+-+~-+-t 

2001-+-+-+-+-1-+-+t-+--11-+-+-1--+-1-+-+-+--+-+-f 

o .................. .-.. ........ ..o....i....1-1_,_L...L..._._..._..~ 
0 V8E (V) 2 

~ 

BC635; BC637; 
BC639 

7Z67755 

j_ j_ j_ 
j_ j_ j_ 

VcE=2V 
Tj=25 °c 

103 re (mA) 

--

ll 5 



---

BC635; BC637; 
BC639 

V, 1-1--++-+-1Tj = 2 5°C 1-1---1-+-+-1-+-+-+~ 
CEsat typical 1-1--+-+-+-I-+-+-+~ 
(V) values 
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4 ~ 

300 

fT 
(MHz) 

200 

100 

01 

6 

17 

l7 

VcE =5V 
f=35MHz 
Tj=25°C 

lZ 
7 -

II 

l2 10-+-+-+-

Ic (A) 2 

T-
2 

r/-
[L_u 

10 

II 
1.5 ....,..."'T"""T.....,.....,....,......,....,.-,......-.-......... .......,.......-:'T-":.;.:04"'"46::..., 

-1 TT 
, 1-1--+-+--l-l lj = 2 5°C 1-1--+-+-+-1-+-+-+--l-l 

VeEsat typical 1-1---1-+-+-1-+-+-+--l-l 
(V) values 

7ZI0442 
't'yp 

~~ v 
~ ~ 

Tl ~ 
~ 

2 II 
lZ ::l 

100 Ic CmA) 1000 

II 
August 1973 



BC636; BC638; 
BC640 

·SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in a plastic T0-92 variant, primarily intended for use in driver stages of audio 
amplifiers. N-P-N complements are BC635, BC637 and BC639. 

QUICK REFERENCE DATA 

BC636 BC638 BC640 

Collector-base voltage (open emitter -Vcso max. 45 60 100 v 
Collector-emitter voltage (open base) -Vern max. 45 60 80 v 
Collector-emitter voltage (RsE = 1 kfl) -VcER max. 45 60 100 v 
Collector-current (peak value) -lcM max. 1,5 1,5 1,5 A 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 1W 

Junction temperature Tj max. 150 150 150 °c 

D.C. current gain 
> 40 40 40 

-le= 150 mA; -VcE = 2 V hFE < 250 160 160 

Transition frequency 
--le= 10 mA; -VcE = 5 V fT typ. 50 50 50 MHz 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-92 variant. 

2 

1~ D ~ • 0,40 
t min 

7Z76182A 

1-- S,2max --1 12,?mm 

I 
~I 

+ 0,49 

0,67 0 t max 

max 
>' 

7270994.1 

diameter within 2,5 max I 

'--
is uncontrolled ._ 

( 001obe' 1982 
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BC636; BC638; 
BC640 

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

Voltages BC636 BC638 BC640 

Collector-base voltage (open emitter) -VcBO max. 45 60 100 v 
Collector-emitter voltage (open base) -VcEO max. 45 60 80 v 
Collector-emitter voltage (RBE = 1 kQ) -VcER max. 45 60 100 v 
Collector-emitter voltage (-VBE = 0) -VcES max.- 45 60 100 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 

Currents 

Collector current (d. c.) -IC max. A 

Collector current (peak value) ·-IcM max. 1, 5 A 

Emitter current (peak value) IEM max. 1, 5 A 

Base current ( d. c. } -IB max. 100 mA 

Base current (peak value) -IBM max. 200 mA 

Power dissipation 

Total power dissipation at T amb = 25 °c ptot max. 0,8 w 
up to Tamb = 25 °c Ptot max. w 1) 

Temperatures 

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 156 OC/W 

From junction to ambient Rth j-a 125 0 c;w 

From junction to case RthJ-c 60 0 c;w 

1) Transistor mounted on printed circuit bonrd, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 

2 II II April 1974 

1) 



CHARACTERISTICS 

Collector cut -off current 

IE=O; -VcB=30V 

IE= O; -VcB = 30 V; Ti= 150 °c 

Emitter cut-off current 

le = O; -VEB = 5 V 

Base-emitter voltage 

-le = 500 mA; -VcE = 2 V 

Saturation voltage 

-le = 500 mA; -IB = 50 mA 

D.C. current gain 

-Ic=5mA; -VcE=2V 

-le= 150 mA; -VCE = 2 V 

-le = 500 mA; -VcE = 2 V 

Transition frequency at f = 35 MHz 

-le = 10 mA; -VcE = 5 V 

D. C. current gain ratio of matched pairs 

JicJ= 150 mA; JVcEJ= 2 V 

BC6.35/BC636, 
BC637 /BC638 and 
BC639 /BC640 

October 1973 II 

BC636; BC638; 
BC640 

Tj =25 °c unless otherwise specified 

-lCBO < 100 nA 

-le BO < 10 µA 

-!EBO < 10 µA 

-VBE < v 

-VcEsat < 0,5 v 

BC636 BC638 BC640 

hFE > 25 25 25 

hFE 
> 40 40 40 
< 250 160 160 

hpE > 25 25 25 

fT typ. 50 MHz 

------
hpm/hFE2 

typ. 1,3 
< 1,6 

II 3 
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BC636; BC638; 
BC640 

-Ic 
(mA) 

10 

1 

4 II 

-VcE =2V 
T1 = 25°C 

l'1 

z 
lL 

J,ii 
10 1 

7Z106l..l. 

mg: Ia 

!."': 

I 
z 

)ll 

--· 

10 10 2 -Ia (mA) 10 3 
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150 

100 ~ -
50 

0 

August 1973 II 

I---

10 

600 

-le 
(mA ) 

400 

200 

H 

0 
0 

--typ. behaviour 

' ""' ' K 
~ 

rs: 

~ 

7210647 

VcE=2 V 1-t-1 
lj = 25°C 1-t-1 

typ lmax-VsE 

I 
w 

-:2_ 

-VBE (V) 

~-r-B:636; BC638; 
BC640 

7Z67754 

1H 
-VcE=2V 
Tj = 25 °c 

~ 
~ 

103 - Ic (mA) 104 

II 5 



BC636; BC638; 
BC640 

6 1I1I 
-VcEsat 

1j =25°C 

(VJ 
typical 
values 

7ZI0447 

z 
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150 

= fT = (MHz) 

100 

50 

0 

6 

.......... --

71 

./" 
./" 

1-1 
....-1 

v 

10 

II 
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(V) values 
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Li 

0.5 1-+-++-+-++-+-11-+-+-+-+-1--+-+-+-+-+-+-l 

\ 7Z67719 

1 I 
-vc8 =5V H 

f=35MHz H 

Tj=25 °c H 
H 

H"'"1 typ r--. _., .......i 
""'! 

H-
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MAINTENANCE TYPE 

-J- ----~-----~ 
- BCY30A to 34A <!--

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

SILICON TRANSISTORS 

P-N-P transistors in T0-5 metal envelopes featuring high emitter-base voltage ratings, intended for use 
in relay switching, resistor logic circuits and general industrial applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation 
up to T amb = 25 oc 

Small-signal current gain 
-le= 1 mA; -VcE = 6 V; f = 1 kHz 

Transition frequency 
-le= 1 mA; -VcE = 6 V 

MECHANICAL DATA 

Fig. 1 T0-5; collector connected to case. 

~s,oa 

..,__ 9,4 --l> 
max 

Accessories: 56245 (distance disc). 

b 

c 

BCV BCV 
30A 31A 

-Vcso max. 64 64 

-Vern max. 64 64 

-VEBO max. 45 45 

-le max. 100 100 

Ptot max. 600 600 

hfe typ. 25 35 

fT typ. 2,0 2,0 

BCV BCV 
32A 33A 

64 32 

64 32 

32 32 

100 100 

600 600 

55 25 

2,0 2,0 

BCV 
34A 

32 

32 

32 

100 

600 

35 

2,0 

v 
v 
v 
mA 

mW 

MHz 

Dimensions in mm 

-0= v 
t- ==0,51 
5 4max 

~ax c::::===:2 

~ = 

--I..,_ 6,6 _J_ 38,1 __ I ?Z,3417.1 

max min 
( 

' 

( O"ob" 198' 
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BCY30A to 34A 

RATINGS 

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

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Emitter current (d.c.) 

Emitter current (peak value) 

Total power dissipation 
up to Tamb= 25 °c 

up to T case = 45 °c 

Storage temperature 

'Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

2 October 1982 

-VcBO max. 

-VcEO max. 

-VEBo max. 

-le max. 

-lcM max. 

-Is max. 

-IBM max. 

IE max. 

IEM max. 

Ptot max. 

Ptot max. 

Tstg 

Tj max. 

Rth j-a 

Rth j-c 

BCY30A BCY32A BCY33A 
BCY31A BCY34A 

64 

64 

45 

64 

64 

32 

100 

100 

50 

50 

100 

100 

600 

3 

-65 to+ 150 

150 

200 

35 

32 

32 

32 

v 
v 
v 

mA 

mA 

mA 

mA 

mA 

mA 

mW 

w 
oc 

oc 

K/W 

K/W 



BCY56 
BCY57 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes with the collector connected to the case. 

They are intended for general purpose very high-gain low level and low-noise applications. Moreover, 
they are also suitable for low-speed switching applications. 

QUICK REFERENCE DATA 

BCY56 BCY57 

Collector-base voltage (open emitter) VcBo max. 45 25 v 
Collector-emitter voltage (open base) Vern max. 45 20 v 
Collector current (d.c.) le max. 100 100 mA 

Total power dissipation up to T amb = 25 °c Ptot max. 300 300 mW 

Junction temperature Tj max. 175 175 oc 

D.C. current gain at Tj = 25 oc 
lc=10µA;VcE=5V hFE > 40 100 

le= 2 mA; VcE = 5 V hFE 
> 100 200 
< 450 800 

Transition frequency 
le= 0,5 mA; VcE = 5 V fT typ. 85 100 MHz 

Noise figure at Rs= 2 kn 
le= 200µA; VcE = 5 v typ. 1,5 1,5 dB 
f = 30 Hz to 15,7 kHz F < 5,0 5,0 dB 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-18. 

Collector connected to case 

4. [ ~ . : 
/._s,3._/_127min __ J 

max ' 
?Z69420,1 

Accessories 56246 (distance disc). 

E Products approved to CECC 50 002-164, available on request. 

October 1982 
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-
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BCY56 
BCY57 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Currents 

Collector current (d. c.) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

VCBQ 

VcEo 

VEBO 

le 

lcM 

Ptot 

Tstg 

Tj 

Rth j-a 

Rth j-c 

II 

BCY56 BCY57 
max. 45 25 v 
max. 45 20 v 
max. 5 5 v 

max. 100 mA 

max. 100 mA 

max. 300 mW 

-65 to +175 oc 

max. 175 OC 

0.5 °C/mW 

0.2 0 c/mW 

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

IE=O;VcB=20V 

Emitter cut -off current 

le= 0; VEB = 5 V 

Base -emitter voltage 2) 

le = 2 mA; V CE = 5 V 

Collector-emitter saturation voltage 

le = IO mA; IB = 1 mA 

le = 100 mA; IB = 10 mA 

ICBQ < 100 nA 

< 100 nA 

typ. 650 mV 
600 to 700 mV 

VcEsat typ. 

VcEsat typ. 

80 mV 

200 mV 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2) VBE decreases with about 2 mV /°C at increasing temperature. 

2 II II · June 1968 



II 
CHARACTERISTICS (continued) 

Knee voltage 

Ic = 10 mA; lB = value for which 
le = 11 mA at V CE = 1 V 

Ve EK 

D. C. current gain 

le = 10 µA; V CE = 5 V 

le = 2 mA; v CE = 5 v 

le = 10 mA; V CE = 5 V 

Transition frequencl'. 

le= 0.5mA; VcE = 5V 

le= 10 mA; V CE = 5 V 

h parameters at f = 1 kHz 

le = 2 mA; v CE = 5 v 
Input impedance 

Reverse voltage transfer 

Small signal current gain 

Output admittance 

Collector capacitance at f = 1 MHz 

IE= le= O; VcB = 5 V 

Noise fi~re 

le = 200 µA; V CE = 5 V; Rs = 2 kO 

f = 30 Hz to 15. 7 kHz 

June 1968 II 

BCY56 
BCY57 

Tj = 25 °c unless otherwise specified 

VcEK 
typ. 300 mV 
< 600 mV 

7Z0480Z 
VcE (V) 

BCY56 BCY57 

hFE > 40 100 

hpE 
typ. 200 400 
100to450 200to 800 

hpE > 100 200 

fT typ. 85 100 MHz 

fT typ. 250 350 MHz 

hie typ. 3.5 7.5 kO 

hre typ. 1. 75 3. 5 10-4 

hf e 
typ. 250 500 
125to 500 240 to 900 

hoe typ. 17. 5 35 µ0-1 

Cc typ. 4.5 4.5 pF 

F 
typ. 1. 5 1. 5 dB 
< 5 5 dB 

II 3 

-
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BCY58 
BCY59 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes with the collector connected to the case, for use in ampli
fier and switching applications. 

QUICK REFERENCE DATA 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 45 oc 
up to T case = 45 oc 

Junction temperature 

Small-signal current gain at Tj = 25 oc 
lc=2mA;VcE=5V;f=1 kHz 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 5 V 

Noise figure at Rs= 2 kn 
le= 200 µA; VcE = 5 v 
f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

c ... 2,54-

-- 5,8 -max 

Accessories 56246 (distance disc). 

BCY58 BCY59 

VcEO max. 32 45 v 
le max. 200 200 mA 

Ptot max. 33(} 330 mW 

Ptot max. 1000 1000 mW 

Tj max. 200 200 oc' 

BCY58-Vll VIII IX x 
BCY59-Vll VIII IX x 

hfe 
> 125 175 250 350 
< 250 350 500 700 

fr typ. 280 MHz 

F typ. 2 dB 

Dimensions in mm 

4, [ ~I==== 
/.,_ 5,3 _J_ 12 7min _! 

max ' 
7Z69420.l 

€ Products approved to CECC 50 002-030/031, available on request. 

( o"'.'"'' "" 
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BCY58 
BCY59 II 

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

Voltages BCY58 BCY59 

Collector-emitter voltage (VsE = 0) VCES max. 32 45 v 
Collector-emitter voltage (open base) VcEO max. 32 45 v 
Emitter-base voltage (open collector) VEBO max. 7 7 v 

Currents 

Collector current le max. 200 mA 

Base current Is max. 50 mA 

Power dissipation 

Total power dissipation up to Tease= 45 °c Ptot max. 1000 mW 

Temperatures 

Storage temperature Tstg - 65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0.45 °C/mW 

From junction to case R~h j-c 0.15· 0 c/mW 

2 II 11 
April 1971 
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BCY58 
BCY59 

CHARACTERISTICS Tj = 25°c unless otherwise specified 

Collector cut -off currents BCY58 BCY59 

VCE = 32 V; VBE = 0 
typ. 0.2 nA 

ICES < 10 nA 

VcE = 45 V; VBE = 0 
typ. 0.2 nA 

ICES < 10 nA 

VcE = 32 V; VBE = O; Tj = 150°C ICES 
typ. 0.2 µA 
< 10 µA 

VcE = 45 V; VBE = O; Tj = 150°C ICES 
typ. 0.2 µA 
< 10 µA 

Emitter cut -off current 

IC = 0; VEB = 5 V IEBO < 10 10 nA 

Collector -emitter breakdown voltage 

IB = O; IC = 2 mA V(BR)CEO > 32 45 v 

Emitter -base breakdown voltage 

Ic = O; IE = 1 µA V(BR)EBO > 7 7 v 

Base emitter voltage 

IC = 10 µA ; VcE = 5 V VBE typ. 0.5 v 

Ic = 20 µA; VcE = VcEOmax; Tj = 100°c VBE > 0.2 v --
typ. 0.62 v 

, Ic = 2 mA; VcE = 5 v VBE G.55 to 0. 70 v 

Ic = 10 mA; VcE = 1 v VBE typ. 0.70 v 
Ic = 100 mA; VcE = 1 V VBE typ. 0.76 v 

Saturation voltages 

10 mA; IB. = 0. 25 mA VcEsat 
typ. 100 mV 

le = 50 to 350 mV 

VBEsat 
typ. 700 mV 

600 to 850 mV 

le= 100 mA; IB = 2.5 mA VCEsat 
typ. 250 mV 

150 to 700 mV 

VBEsat 
typ. 875 mV 

750 to 1200 mV 

April 1971 

11 11 
3 



BCY58 
II II BCY59 

CHARACTERISTICS (continued) T j = 25 °c unless otherwise specified 

Collector caEacitance at f = 1 MHz 

IE=Ie=O;VcB=lOV Cc 
typ. 3.0 pF 
< 5.0 pF 

Emitter caEacitance at f = 1 MHz 

le = le = 0; VEB = 0. 5 v Ce 
typ. 10 pF 
< 15 pF 

Transition frequenc~ at f = 100 MHz 

re = 10 mA; VcE = 5 v > 150 MHz 
fT typ. 280 MHz 

Noise figure at Rs = 2 kQ 

le = 200 µA; V CE = 5 V 

f = 1 kHz; B = 200 Hz F 
typ. 2 dB 
< 6 dB 

BCY58VII BCY58VIII BCY58IX BCY58X 
BCY59VII BCY59VIII BCY59IX BCY59X 

D. C. current gain 

hFE 
> 20 40 100 le = 10 µA; V CE = 5 V typ. 20 95 190 300 

> 120 180 250 380 
re = 2 mA; VcE=5 V hFE typ. 170 250 350 500 

< 220 310 460 630 

> 80 120 160 240 - le = 10 mA; V CE = 1 V hFE typ. 250 300 390 550 - < 400 630 1000 

Ic=lOOrllA; VcE=l v hFE > 40 45 60 60 

h Earameters at f = 1 kHz 

le = 2 mA; V CE= 5 V 
1. 6 2.5 > 3.2 4.5 kQ 

Input impedance hie typ. 2. 7 3.6 4.5 7.5 kQ 
< 4.5 6.0 8.5 12 kQ 

Reverse voltage transfer ratio hre typ. 1. 5 2 3 3 10-4 

> 125 175 250 350 
Small signal current gain hfe typ. 200 260 330 520 

< 250 350 500 700 

Output admittance hoe 
typ. 18 24 30 50 µA/V 
< 30 50 60 100 µA/V 

4 

II II 
April 1971 



II 
CHARACTERISTICS (continued) 

Switching times 

IQ = 10 mA; lB = I mA; -IBM = I mA 

RI = 5 kQ; R2 = 5 kQ; RL = 990 Q 

VBB = 3. 6 V delay time 

rise time tr 

turn on time t0 n 

storage time ts 

fall time tf 

turn off time to ff 

Ic = 100 mA; lB = lOmA; -IBM= 10 mA 

RI = 500 Q; R2 = 700 Q; RL = 98 Q 

VBB = 5 V delay time td 

rise time tr 

turn on time toq 

storage time ts 

fall time tf 

turn off time toff 

Test circuit: 

+10n 
av 

1µs j__ 
cl <0.01 
tr: 1ns 

"' 7 ZS8992. 

April I971 II 

RL 

typ. 

typ. 

typ. 
< 

typ. 

typ. 

typ. 
< 

typ. 

typ. 

typ. 
< 

typ. 

typ. 

typ. 
< 

II 

BCY58 
BCY59 

35 

50 

85 
ISO 

ns 

ns 

ns 
ns 

400 ns 

80 ns 

480 ns 
800 ns 

5 ns 

50 ns 

ss ns 
150 ns 

250 ns 

200 ns 

450 ns 
800 ns 

+10V 

Oscilloscope: 

Ri > 100 kQ 

tr < 15 ns 

5 
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BCY58 
BCY59 

103~ 
H:to 

r==t:10.75 
FFj0.5 

0.33 
102 0.2 

t-1 0.1 

t-t-.0.05 

6 II 

H 

104~~~~~~~~§~7Z~58~99~0 
Iceo~ Vce=32V(BCY58). 
(nAll--+-I 45V(BCY591 1-+-1--l-li..:.+--l 

171 

y 
1 oL......l.--'-~'-'-soLJ.-....L_J'-'--'--'-'-0-'-'-' 100 Ti ( C) 150 

10 

II April 1971 
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BCY58 
BCY59 

7Z51!1994 

:r :IITTTI _l_li 

1---+-t_.Y.:.,.Pi..;.caT-l-.v.;;,;al_,.ue:.rs..+--+--++-+-++++-l---+-+-+-1--l-l-l-l-l-----l---l Vee •1 V 
T1=25°C 

hFE r---t---t-t-t--H+tt---;-t-;-t-~f-tt---+--;-+-H-++++--+--+-r-T""T"Tf+i 

o---+--+-+-+-+-+-+-++-ecv ... x 

10'---"'--'--L-l...J...1...L.L..1-----'-J.......J--'-..L...L-L..L.l...---'--'-----'-'-_L...JLI.J.J..L.._....L..._J__J.._.Ll..J...U.J 
10-2 10-1 10 Ie (mAl 102 

10 §§~§!ttll§2~~,~ .. ~"¥"m 
1----<-1-+--++++++--1 typical values 

] Ve'e=SV 
hat le +--+-1-+-+++++--1L Tamb=25°C 

hat Ie=2mA 

10 ~ 

April 1971 II 

7Z58989 

2 1--1,.--+--+--+-+-l--+-4 typical values 1-
hat Vee -1-1-+-+--+-+-l le= 2mA l

Tamb=250C 
hat Vee=SV 

r1..+-i-+-+--+-+-+-+-+-+-+-+-+-+~ 

1. 5 l-l--+--+--+-+-l--l--+--+-+-l--+--+--1--1 

1--+-+-+-+-1-+-+hoe+--1-+-+--+-+-1 
o.s 1--+-+-+-+-1-+-+-+-+-1--+-+-+-+-1 

OL......l--'--'--'-.l.......J--'--'--'-J.......J--'--'-....1.......J 
0 10 20 Vee IV) 30 
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BCY58 
BCY59 

150 

le 
(mA) 

100 

50 

le 

J.o' 

~ 
lo"" 

~ 
I""' 

.....: 

II 

I 8 =0.3mA 
..... 

""" """ ..... I.-+"" ...., 

""" 
io""!"" 

1-'1 

5 10 

(mAl t--+---+--+--+---+---+--+--'-1---l 
T;=25°C 

5 

VeE (V) 2 

8 II 

II 
7260418 

±±±± 
T; = 25°C t-+-

0.25 1-'1 
~ 

0.2 r++-
I-+-

1-1"'1 

d.15 t-+-
J. 

± 
0.10 H-1 

0.05 t-+-1 

±± :II 
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IMHzl 
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BCY70 to 72 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-18 metal envelopes intended for general purpose industrial applications. The 
BCY71 is a low noise version. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 oc 

Junction temperature 

D.C. current gain 
-le= 10 mA; -Vee= 1 V 

Transition frequency at f = 100 MHz 
-le= 10 mA; -Vee= 20 V 

-Vcso 
-Vern 

-lcM 

Ptot 

Tj 

max. 

max. 

max. 

max. 

max. 

> 

> 

BCY70 

50 

40 

BCY71 BCY72 

45 30 v 
45 25 v 

200 mA 

350 mW 

200 oc 

100 

250 MHz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Dimensions in mm 

Collector connected to case. 

.._ 5,8 -max 

b 

Accessories: 56246 (distance disc). 

~f.[ ~ : 
I._ 5,3 _J_ 12,7min _I 

max 
7Z69420.1 

CS Products opproved to CECC 50 002-079/081, available on request. 

( Octob" 198' 

-

-



--

2 

BCY70 to 72 

RATINGS 

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

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 

Emitter current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Storage tempera tu re 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Ptot 
(mW) 

-VcBO 

-VcEO 

-VEBQ 

-le 

-lcM 

IEM 

Ptot 

Tstg 

Tj 

Rth j-a 

Rthj,c 

BCY70 BCY71 

max. 50 45 

max. 40 45 

max. 5,0 5,0 

max. 200 

max. 200 

max. 200 
max. 350 

-65 to+ 200 

max. 200 

500 

150 

BCY72 

30 v 
25 v 
5,0 v 

mA 

mA 

mA 

mW 

oc 

oc 

K/W 

K/W 

2001--+-l--l--l--+-l--1--l--+---:is~f':-l--l--l--+-l--l--l--+--+--+-+-+--+--+-+-+--+--+--I 

~ 

OL-...J....__j_J.._J,___J___.L.-J...-l-J..-J..-L-...L-J.-L-...L-J.-!..-~ISl~ISl_,._....1.-J-'-....1..-.J'--'-....1.--J....__._, 
0 100 200 300 

Fig. 2 Maximum permissible power dissipation as a function of ambient temperature. 
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Silicon planar epitaxial transistors BCY70 to 72 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

BCY70 BCY71 BCY72 

Collector cut-off current 
typ. 10 10 10 nA IE= O; -Vee= -Vcsomax -lcso < 500 500 500 nA 

typ. 0,5 0,5 nA IE=O;-Vcs=40V -lcso < 10 50 nA 

typ. 0, 1 0,1 µA IE= O; -Vee= 40 V; Tj = 100 °c -lcso < 0,5 2,0 µA 

typ. 0,5 nA IE=O;-Ves=25V -lcso < 50 nA 

-leso 
typ. 0, 1 µA IE= O; -Vee= 25 V; Tj = 100 °c < 2,0 µA 

typ. 1,0 nA -VcE = 50 V; -VEB = 3,0 V -lcEx < 20 nA 

Emitter cut-off current 
typ. 0,3 nA le= O; -'VEB =4,0 V -IEBQ < 10 nA 

typ. 20 nA le= O; -VEB = 4,0 V; Tj = 100 oc -IEBO < 2,0 µA 

typ. 5,0 nA le= 0; -VEB = 5,0 V -IEBO < 500 nA 

Saturation voltages 
typ. 95 mV -le= 10 mA; -Is= 1,0 mA -VeEsat 
< 250 mV 

typ. 750 mV 
-VsEsat 600 to 900 mV 

typ. 190 mV --le= 50 mA; -Is= 5,0 mA -VcEsat -< 500 mV -
typ. 860 mV 

-VsEsat < 1200 m\/. 

Knee voltage (see Fig. 3) 
-le= 10 mA; -Is= value for which 

typ. 270 mV -le= 11 mA at -VcE = 1 V -VcEK < 600 mV 

-Ic 
(mA) -Is 

?Z60132. 

Fig. 3. -Ve EK -VcE (V) 

( "'' 1979 
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BCY70 to 72 l 
D.C. current gain 

> 60 -le= 10 µA; -VcE = 1,0 v hFE typ. 245 

> 80 -le= 0,1 mA; -VcE = 1,0,V hFE typ. 270 

> 100 -le= 1,0 mA; -VcE = 1,0 V hFE typ. 300 

> 100 -le= 10 mA; -VcE = 1,0 V hFE typ. 290 

-le= 10 mA; -VcE = 1,0 V BCY71 hFE < 400 

> 45 -le= 50 mA; -VcE = 1,0 V hFE typ. 175 

Collector capacitance at f = 1 MHz 
typ. 4,5 pF IE= le= O; -Vcs = 10 v Cc < 6,0 pF 

Emitter capacitance at f = 1 MHz 
typ. 6,0 pF le= le= O; -VEB = 1,0 v Ce < 8,0 pF 

BCY70 BCY71 BCY72 

Transition frequency at Tamb = 25 °c 
> 250 250 250 MHz -le= 10 mA; -VcE = 20 V; f = 100 MHz fy typ. 450 450 450 MHz 

> 15 MHz -le= 100 µA; -VcE = 20 V; f = 10,7 MHz fy 
typ. 30 MHz 

Noise figure 
-le= 100 µA; -VcE = 5,0 v 

typ. 2,0 0,8 2,0 dB -f= 10 Hz to 10 kHz; Rs= 2,0 k.Q F < 6,0 ,2,0 6,0 dB 

h-parameters (common emitter) 
-le= 1,0 mA; -VcE = 10 V; f = 1 kHz; 
Tamb= 25 oc > 2,0 k.Q 
Input impedance hie typ. 4,0 k.Q 

-< 12,0 k.Q 

typ. 2,1 10-• 
Reverse voltage transfer ratio · hre < 20,0 10-• 

> 150 
Small-signal current gain hte typ. 325 

< - 400 

> 10 µAN 
Output admittance hoe typ. 20 µAN 

< 60 µAN 



Silicon planar epitaxial transistors BCY70 to 72 

Switching times of the BCY70 and .BCY72. 

-le= 10 mA; -Ison=+ Ison= 1 mA typ. 23 delay time td 
ns 

< 35 ns 

rise time tr 
typ. 25 ns 
< 35 ns 

turn-on time ton 
typ. 48 ns 
< 65 ns 

storage ti me ts 
typ. 270 ns 
< 350 ns 

fall time tf 
typ. 50 ns 
< 80 ns 

turn-off time to ff 
typ. 320 ns 
< 420 ns 

3,0V 

-7,0V 
?Z72343 ------

Fig. 4 Test circuit. 

20V _I _J input 

0 
ton toff -- -- 90% 

output 

10% 10% 

7Z72342 

Fig. 5 Switching waveforms. 

( '""' 1975 
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BCY70 to 72 

6 

10~ 2 10 104 105 
tp ( s) 

Fig. 6. 

lo' typ. values 

t---t--+-++tt+tt---l--...t'L,.ol'+J..1++-i-ttt--1-+-+-t+H-l'k--t---t-1-++tttt--t-1r-HH+tH -VcE = 1, 0 V 

h FE l---+-l-+++++l-6'_...d~V-HH-+14-1+---+-l-H+H+l--~_..~-+-l-+-l+++lff---+-+-+--H+l-_-,-.,....,...,...,..,..,.,.. 

300i,.....~J...-"~~-++µm~t--+~::Wl-~~+l'l-.jJ.j.l..--+JS:.\l-l-++1~-+-l-l++++H-~++++l-l+I 
j...i +-

10 0 l----+-l-+-l-+++1+----+-+++++1-1+---+--+-1-++H+l-----+---+-++-!+1#~...,~- 2 5 ~1-+++11--+-+-+++++H 
t---t--t-+++t+tl---11-+-+-t+H-lt--t---t-1-++tttt--t-l-H+t+tt-~~-55~<-++++---+-+-+-..........,~ 

o,___,_.....__.._._.... .......... _._.... ........... _...._._.,___.___._........,_ ........ _""---''--'--' ............ ...___.__._.._._.~~~~~~ 
10-2 10 103 -le (mA) 104 

Fig. 7. 



Silicon planar epitaxial transistors 

-Ieso 
(nA) 

10 

BCY70, Yes 40 v 
BCY71; -Ves = 40 v IL 

r7-z 
BCY72; -Ves = 25 v Al-if 

I f,'. 9. 
~ 

iJ_ 

~ IL rf j 

""'/' [/ iL G-
Qj.L IZ ":I 

~,, <h' ,l..l\r:::, .y. 
iL Qj(J ~ 

/ LJ l 
J7 

z JZ: 

z 7_ 
_L1 I 

.Lv 0 
~ IL 

rt 
V1 

z 
~ 

lL 
V1 

50 100 

Fig. 8. 

BCY70 to 72 

7Z72356 

IZ 

7_ 
y 

v 

--
200 
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BCY70 to 72 l ___ _ 
-IEBO 

(nA) 

104 

10 

-VEB 

LL 

/ 
~ 

8 '""' 19751 

4.,0 v 

JL 

~ 
I 

I 

z 
..ii 

I 
1 

11 
IL 

L 
lLd 

~ 

50 

7Z72357 

i!: 
IL 

maxi typz 

rt !L 
11 

/I v 

t 
:zJ 

_L_ 

IL 
JL 

100 150 Tj (OC) 200 

Fig. 9. 



Silicon planar epitaxial transistors BCY70 to 72 

IE= 10 = 0 

f = 1 MHz 
1j = 25 °C 

Cc ) 
(pF)1--1t1---1-+-+-+--+--+--+-+-+-+-1--11--+-+-+-+--+--+--+-+-+-+-11---1-+-+-+--+-~ 

1-+--+-~~ISJ.-+--+--+-t-t--t---t-+-+--+--+--+-t-t--t---t-+--+-BCY70~--t-+-+--+-~ 
5t--t--t-+--"t-~--+--+--+--+--+-+-t--t--11-t-+-t--+--t--t--+--+-t--1--1t--t-+-+--+--+-~ 

~ typ1--1---1-+-+-+--+--+--+--+-+-+-+-11---1-+-+-+--i1--11--+-+-+---1 

1-1f-l-+-+-l-'-+t"--ol-=F"""""=::l-+-+--l-1-+-+-+-l--+-+BCY71 + 
--i-t-l- i 

_J_ _J_ 

1--11--+-+-+-+--+--+--+-+-+-~BCY72,_....,~,_..--+-+--+---+--+--++1-+--+-T+--,_..-+--+--t 

l 
..L 

0 _l 

0 20 40 

Fig. 10. 

10 

I 

_l_ 

+ 
+ ..i 

-Vea (V) 

7272365 

Ic=Ic=O 
f = 1 MHz 
TJ = 25 °C 

60 

c. \ 
( pF) H-\~+-t-t-+-t-+-t-t-t--t-+-t-1-+-l-+-t-1-+-l-+-t-1-+-+.-l--l---..,l-I 

~ 
ii 

~ 51--t--t--t-+-+-t--+--t-~-i...o~~YPt--t--11-t--+--+--+--t--t-+-+-+-1--11--+-+-+----1 
I -r--+-

Fig. 11. 
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BCY70 to 72 l __ _ 

10 . 

300 

-Ic 
(mA) 

200 

100 

300 

-le 
(mA) 

200 

100 

-Is= 
1,5 mA 

rr 
.... 

LP 

""" I/ 
J 

;-

Ii 

1' 

10 

l7 

D i:;;; 
I/ t,... 

D l7 
D 

l7 .... 
TJ v ...... 

ii' 
17 i:;; 
vv 
f/ ~ .... 
v 

.YO 
~ __.... 
~ 

TT 
0,5 

7Z72363 

typ. values 

lj = 25 °C 

1,0 mA 

0,5 mA+-

0,2 mAI-

20 30 -VcE (V) 40 

Fig. 12. 

7Z72362 

typ. values 

Tj = 25 °C 

-Is= 

L..o 2,0 mA ...... 1,5 ll)A 
1-

...... 
i... 

1,0 mA +-

~;r;:AI-

~im~+-

1,0 1,5 -VcE (V) 2,0 

Fig. 13. 



Silicon planar epitaxial transistors BCY70 to 72 

300 ,....,......,.....,,....,.....,.._,..........,,....,......,...,.-,-,__ __ n_n_>4--.' 

-Ic 
(mA),_._-+--<-+--+-+-+--<-+--+-+-+->--+--+-+--+-t--+--1 

t-+-+--<-+--+-+-+-+typ'~ 

100 t-+-+--<-+-+-+-7>--+-+-+-+-t--+--+-+--+-+-+-< 

2 

-Is 
(mA) 

1,5 

0,5 

0 

1LI 

0 

-I8 (mA) 2 

Fig. 14. 
7Z82286 

1 

lf 
I/ 

1 
1 
I/ 

typ 

f 
IL 

j 

IL 
-I 

IL 
~ 

0,5 1 1,5 
-VsE(V) 

200 

-le 
(mA) 

150 

100 

' 50 

0 
0 

600 

fT 
(MHz) 

400 

200 

0 

ll 
IL 

0 

7Z72344 

-VCE = 1,0V 
lj = 25 °c 

rt 
.L 

j 

IL 
tyrii_ 

r/ 

l_ 

rf_ 

' rf 
~ 

0,5 1,0 -VeE (V) 1,5 

Fig. 15. 
7Z72364.1 

t-1 

typ I'" +"'"I 

JLl 
.lt".I 

.lt".I 
1LI . Lll 

-I-
IJ... 

10 -le (mAI 20 

Fig. 16 -VcE = 1,0 V; Tj = 25 oc Fig. 17 -VcE = 20V;f=100 MHz;Tamb=25°C. 
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12 

-VeEsat 1----+--+--1-1--1--44-1.+---1--1--1-+.+++H---!--+-+--+-1-++~--l 
(V) 

typ. values 

-Ie 
- =10 
-Is 

1----+--!--1-1--1--++4-+----l--+--!-++-++H---!--+-+--H-++~--lT ~ '-+-
04 J -+-
, 7 10r~-+-
l----+--!--l-l--l--44-l-+----l--l--!-++++H---!--+-+--H-++~7~7~7---+50~-+
l----+--l--l-l--l--44-1-+----1--l--!-++++H---!--+-+--H-++..J<l--7~~25~-+
l---+--+--+-+-++H+---+--+-+-++-++++---+--t-+-HH7'1+1>'~~~'7'7'-i- o't=l= 
l---+--+--+-+-++H+---+--+-+-++-++++---+--t-+~T/"'b!A;l<l-7'"'7'o._~- lol-t/ v 17 50 c 

QL--..L--l-..J.._L.J....J...J..J...L-_..J..__L-L-..L..J.....L...L.LI---'---+--'-....L..J...J....1..J...1---1----1-+....L...L...W...U 

10-1 10 102 -le (mA) 103 

Fig. 18. 

7Z72359 
o,s~----~~~-~_,......,....,....,...,...,...,..,--....,....-r-,-..,..,....,..,..,..,....--,---,-T"'T"""1r-rT""'TT1 

typ. values T 
-Ie TT T'-+++++1 
- = 20 1--1-+H-l----+--l--+-+-+++++---+---+-+-H-+++l---f j = -+-

-VeEsat -Is l-l-+H-l----+--+-+-+-+++++---+--t-l--H-H+l---1-7 100 °C-t-
(V) 1---~~......+-++~--+-l--l-+++H+--+-+-+-+-+++-t+-7-+t--+-1+-++++H 

1----1---1---+-+-++H-l----+--l--+-+-+-++++---+--t-+-Hl-+-f-H-7~7'--+-50~-H-
V7 

0,41----1---l---+-.l-l-+H-l----+--l--+-+-+-++++---+--t-+-+-l-+-f,fl-~7o._,i- 25 oc -t-
7 -h DOC-

l----i---l---f-.i-l-++J-i----+--i--+-+-+-++++---+---J.-l--l,£1--i7'f-f-ll~~~L7-.,f-5Q~-
17 '7 

7 '7 

o, 2 1---1--+--1---1-1-1-1-.++---+----1--1-1-+++-t+-L-~-,1<.lL-+l>74f--1A-+++1----1-1-+-+-+-H-H 

~ 

QL---.L_...L..J.._LLJ...J..J...L-_..J.._-l--'--..L..J.....l....L.LI---'---+--'-....L..J-1...1..J...l----'----'-+-'-L..J....JLI.J 

10-1 10 102 -le (mA) 103 

Fig. 19. 
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Silicon planar epitaxial transistors BCY70 to 72 

300 

-VcEsat 
(mV) 

200 

100 

J.-H 

1-1""'1 

0 
-50 

350 

-VcEsat 
(mV) 

250 

150 

I-I"' 

1-1"""1 

50 
-50 

1-"1 
~ 

lo-I-

i..--1 
IA"" 

....+-

7ZB2287 

""" 
-le= 50mA 

""' ~ 
1-1 

1-"1 
+"" 

+"" 
1-"1 

10mA 
J,..+-1 

0 50 100 150 

Fig. 20 -lc/-IB = 10; typical values. 

7Z82288 

l l 
l_l_J_ 
.LlJ_ 

....., -lc=50mA 
1,...1 

i.--

""" "' 
+"" 

i..-1""" 

lo-I- 10mA - i-;-
i.-!-1""' 

I-I"' 

0 50 100 150 

Fig. 21 -lcf-IB = 20; typical values. 
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BCY70 to 72 J 

14 

7Z72360 
1,0 .----,---,-.,.--r-r.,.,,..----.---,,....,-r-r"TTT~---,,-r-1"TTTTJ"l'""7-'z~12rr----, 

1 • , typ. values 

r h{/ -le 
,,,,, ,.,LI _Lf - = 10 

V ~ L 7.Z_ -Is - BEsat 1-----l---1-~l-W~l--1--1-+-++++++--~~~q..--1:177f-J...Ho'Hl&~--l 
(V) i....-'" y :V 

JL~ 
Tj= ~"""' ~Z~ 

o,0 -50 oc---1---+-+-1-1-++l-"i,,_.....,,F-+-+-+...,.-+++i,j.'z-:;21--:llZ,,C-,,.~~++tttt---r----r--r--11-Hrttt 

2Z 

0,5 ~ :1-H--±..H"l=tt--:...1"'7~-++t+ttt---t--t--t-tttti-t--111111tt1 
t-50~ """' .lo"_/ 

0,4L--l-....1.-.J......l..J....l...J....LJL....-__JL....--L-J....J....J...J..J..J.J._----1_...._,-J......_._~2:-------'~""""'."""~~103 
10-1 10 10 -le (mA) 

1,0 

-VBEsat 
(V) 

0,8 
Tj = 

50°C 

:f 
i'.-- 0 °C ..... 
i-- :J. :r 
t- 2 5 °Z -"""" 

0,6 

~o~ _..r 
.......-:'.I 

100°c_.... 
..-I 

0,4 
10-1 

! 

,i... 

,i... 

" 

'""'"·I I 

..-1 -- ~ -~ P1 v _,,,,.. IZ' _,,,,.. 17 
I/ _,,,,.. 12 
CZ 

7 
]/ 

Fig. 22. 

7Z72361 

z 
~ 

typ. values 
p 

-le 
~ k~ - =20 

-Is 
t'.'.: p 7 z II 

~ .... 
IZ 1:11 

rf 17 171 
L 71 -z-~ 17 

17'" L / 

~ II" 
IZ 

10 -le (mA) 

Fig. 23. 



Silicon planar epitaxial transistors BCY70 to 72 

l-l--tH-+t-.::::P"'l--.kJo::-+--l--+--Hf---i+t--H+-l+-.===l'""'i-..b:o=-H-l--l--l--l--11-Ll1 ~ 510 I 1'"'-i--i- -r-+--!- c - mA 
-VBEsat t-1--+- I T 

(mV) 1--11-t--+-+-+-+--+--+-+-+-+-l---1:::::::io-+..d:-1---l-~-+--l---11-.--l--l--l---l----l----l--+---I- 10mA 

500r--1r-i--+-t--t--t--+---t-+-+-+--t--t--+-+-+-t--+--+--+--+-+-+-it--t-+-I--+-+-~ 

o.._....__..___.__.._,__.___..___.____.___,__.___..__'--''--'--'---'----'--'--........._....L....J...__.J.._.l,.._L......J---1.---1.---1..._J 

-50 0 50 100 

Fig. 24 -lc/-le = 10; typical values. 

-----TT -
lOmA 

500t--t--t--+-+-+-t--+--+-+--+-+-l--lt--t-+-l--+-+--+--+-+-+-+-1--1-+-I--+-+-~ 

t---t-t--t--t--+--+-+-+-+-+---lt--t-+-l--+-+-+--+-+-+-+---1--1-+-I--+-+-+-~ 
o.._.__.__._,__.__.___.___..__.__.__.___..__.__.__.._,__.__.___.___..__.__.__.___....__..__.__.__,____.___, 

-50 0 50 100 

Fig. 25 -lc/-le = 20; typical values. 
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BCY70 to 72 l~. --
7Z72349 

103~m~m~m~•~•~~1 BCY71 -VcE = 10 V 
h;e f = 1 kHz 

( k ..ll) l--++.;1-+++m--+-+-+++l-l+l--Hl-+1f-ttlrtt----t-+++ttt1r--t---t-tt1ttt1 Tamb = 25 °C 

8CY71 

Fig. 26. 

7Z72346 

l-l~-l--l-+.+.1----l~+-+-+-H-1-Hi---+---t-+-1r+tttt---t-VcE=10V 
f = 1 kHz 

hfe Tamb = 25°C 
l-----+--+-l-J-+.l.-H+~-l--J-+++++++-~t--t-+++tttlt------t--r'il1rTT1 

l---+--++--H-+t1H---+--+-t--t-1-t"Ttt"typ-+---+-l-++++++---+---t-+-+-Hi-H 

Fig. 27. 
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Silicon planar epitaxial transistors BCY70 to 72 

7272347 

BCY71 f--l-t-++++1~~+--+--+-+-l--l-l-l-+-~-l----l--l-l-.l-l--Ul~__J-VeE=10V 
hre f = 1 kHz 

(x10-4lr-~-t----t-++-i-H-tt-~--+~-t-t-t-H+l-+--~+--+--1---1-1--l--l-l-l-~---l--T~0~m~b~=~2~5~0~C...l 

i,~0~2;---'---'--'-...._....J..J.~10'"---:-1 ~-'--'--'-...l-L..l..J..!..l-~--L~.1.-L..L..L.l...U..1L0~--1.~L-L.L..l.J..il.J102 
-le (mA) 

Fig. 28. 

7Z72346 

BCY71 t-lr-t+-t+Hl--~-t--J--!-++++H--~-+~l--l-+--l-l-~~---l-VeE=10V 
hoe f = 1 kHz 

(µA/V)r-~-r--t--t-+i-t-t+t-~--t~t-t-t-H+l-l--~+--l---1---l-l-W-1-1-~---l--T~a~m~b~=~2~5~0~C...l 
j71 

102~~~~~~~~~~~~~~~~~~~~~~~~/'~~ I~~~~~ 
L 

1 1~0-._2;----'--'--'-..L.J...L.J.~10~-~1~-L--L-L..L.J....l....l..LL~--1.~L-L.L..l.J...Ll.1L0~-1~L_Ll.J...l..li.J102 
-le (mA) 

Fig. 29. 
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BCY70 to 72 

BCY71 curves of constant white noise figure 

Rs 
( fi ) t----+--+-1-+++++t--+-+-+++1+++--+-1r-+--t-++rH typ. va I ues 

t----t--t-H+tttt--+-+-++H+++--+-ir-+-t-++~-Yc;E=SV 

f < 15 kHz 

106~BEBll~U~~-~ ~ ~ ~Do. 

N 

--
10~~~~~-~~~~-~~~~~~~~ 

1 10 

Fig. 30. 

See also the graph and text'on next page. 
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Silicon planar epitaxial transistors BCY70 to 72 

107[~~~fiml~~~~~;;t-;;~;;t-;;;;;;;;:-t~?Z;72;'~"1 BCY71 curves of constant excess flicker 
noise factor x frequency 

Rs 
(ll) 

typ.values 

-VcE = 5 V 

106~m-Bll§lt~Bml ....: ....: 

'K ~ 
~ ' f': " 1" 1\, 

"'a 105 
"o 

1-.: ~ ~ i{ooo 
~ ~ -..;;;: ' ' R :s:: 

~ 1" l\. N 

~ ~ 1" 1'\ ~ 1\ f'\. N 104 "'o 

l-3.."'\--l--W-~~-l-l-l+-"".3'J,..,..+-l-Pl..l-l+l-~--l-l~+l-l-~,--1-~~'ll.l-l-+l-l-I 

['\ '" " l\ 

10 [7 1; L J.i / V' J7 ii 
1 10 102 103 IE (µA) 104 

Fig. 31. 

Determination of total noise figure 

Total noise at f< 15 kHz includes flicker noise and white noise. 

The relationship is as follows: noise factor= 1 +flicker noise factor+ white noise factor. 

The flicker noise factor can be derived from the curves of the graph above, the white noise factor from 
the curves of the graph on page 18. 

Example: 

Assume a BCY71 operating at f = 200 Hz; IE= 200 µA with a source resistance Rs= 10 kn. From the 
graph on this page it fol lows that at IE = 200 µA with Rs = 10 kn the product of frequency and 
flicker noise factor is 110. Since the frequency is 200 Hz, the flicker noise factor is 110/200 = 0,55. 
From page 18 it follows that at IE= 200 µA with Rs= 10 k.11 the white noise figure is 0,9 dB, repre· 
senting a factor of 1,23. Thus the total noise factor= 0,55 + 1,23 = 1, 78 or 2,5 dB. 
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BCY70 to 72 

~ 10 
t::: 
:::> 
u .. 
"' ·c; 
c 

~ .. 
] 
·5 
C' ., 

10-1 

(~) 
., 
"' 102 Cl 
+' 
0 
> ., 
"' 'Ci 
c 

~ ., 

BCY71 

"' r" ~ 

~ 
l'N 

BCY71 

l __ _ 
7Z72352 

typ. values 

' 
-VcE = SV 

vb•= o 

IE -

10JA -._ 
1mI 

100 µA 

~ 
10µ1 
1µA 

10 103 f (kHzJ 104 

Fig. 32. 

7272351 

typ. values 

-VcE = 5 V 
lb= 0 

;; 
> ·5 

IE=1µA 
C' ., 

10 1 
i'iio; 

" 
10µA 

...... 
~ ..... 100µA --
llli 

10 f (kHz) 102 

Fig. 33. 
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BCY78 
BCY79 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-18 metal envelopes, intended for use in amplifier and switching applications. 

QUICK REFERENCE DATA 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 45 °c 
up to Tease= 45 oc 

Junction temperature 

Small-signal current gain 
-lc=2mA;-VcE=5V 

Transition frequency at f = 35 MHz 
-le= 10mA;-VcE=5V 

Noise figure at Rs = 2 k.Q 
-le= 200 µA; -VcE = 5 v 
f = 1 kHz; B = 200 Hz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

c ... 2,54 ... 

-- 5,8 ..... max 

Accessories: 56246 (distance disc). 

BCY78 BCV79 

-Vern max. 32 45 v 
----

-le max. 200 mA 

Ptot max. 345 mW 
Ptot max. 1000 mW 

Tj max. 200 oc 

BCY78-Vll VIII IX x 
BCY79-Vll VIII IX 

> 125 175 250 350 
hfe < 250 350 500 700 

fT typ. 180 MHz 

F typ. 2 dB 

Dimensions in mm 

tl ~ : 
/._ 5,3 -.1-- 12,7min _I 

max 
7Z69420.1 

----



BCY78 L 
___ B_C_Y_7_9 _ __, 

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

Voltages BCY78 BCY79 

Collector-emitter voltage (VBE = 0) -vcEs max. 32 45 v 

Collector-emitter voltage (open base) -VcEO max. 32 45 v 

Emitter-base voltage (open collector) -VEBO max. 5 ·5 v 
~--

Currents 

Collector current (d. c.) -re max. 200 mA 

Base current (d. c.) -IB max. 20 mA 

Power dissipation 

Trital power dissipation up to Tamb = 45 °c Ptot max. 345 mW 

up to T case= 45 °c Prat max. 1000 mW 

Temperatures 

Storage temperature Tstg -65 to 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,45 0 c/mW 

From junction to case Rth j-c 0, 15 0c;mw 

2 II II December 1976 



BCY78 
BCY79 

CHARACTERISTICS Tamb = 25 °c unless otherwise specified 

Collector cut-off currents 

V3E=O;-VcE=25V 

V3E = O; -VcE = 35 V 

V3E = O; -VcE = 25 V; Tamb = 150 °c 

V3E = O; -VcE = 35 V; Tamb = 150 °c 

-IcES 

-lcES 

-lcES 

-lcES 

V3E = O; -VcE = -VcEOmax -lcES 

-VE3 = 0,2 V; -VcE =-VcEOmax;Tamb= 10ooc -lcEX 

Emitter cut-off current 

Cllllector-emitter breakdown voltage 

VBE = O; -le = 10 µA 

, 13 = O; -le = 2 rnA 

Emitter-base breakdown voltage 

le = O; -IE = l µA 

Base-emitter voltage 

-re = 10 µA ; -vcE = 5 v 

-le= 2 rnA; -VcE =5V 

-le= 10 rnA; -vcE = l v 
-le= 100 rnA; -VcE = 1 v 

Saturation voltages 

-le = 10 rnA; -13 = 250 µA 

- le = 100 rnA; - 13 = 2, 5 rnA 

Transition frequency at f = 35 MHz 

-le= 10 rnA; -vcE = 5 v 

December 1976 II 

-V(BR)CES 

-V(3R)CEO 

-V(3R)E30 

-V3E 

-V3E 

-V3E 

-V3E 

-VcEsat 

-V3E sat 

-VcEsat 

-V3Esat 

fT 

BCY78 BCY79 

typ. 2 nA 
< 20 nA 

typ. 2 nA 
< 20 nA 

< 10 µA 

< 10 µA 

< 100 100 nA 

< 20 20 µA 

< 20 20 nA 

> 32 45 v 

> 32 45 v 
~--

> 5 v 

typ. 550 mV 

typ. 650 mV 
600 to 750 mV 

typ. 680 mV 

typ. 750 mV 

typ. 120 mV 
< 250 mV 

typ. 700 mV 
600 to 850 mV 

typ. 400 mV 
< 800 mV 

typ. 850 mV 
700 to 1200 mV 

typ. 180 MHz 

II 3 



BCY78 
BCY79 

CHARACTERISTICS (continued) . .T amb = 25 <>c unle;ss otherwise specified 

Collector capacitance at f = 1 MHz 

IE=Ie=O;-Vcs= 10 v. C:c~ 
typ. 4,5 pF 
< 7,0 pF 

Emitter capacitance at f =· l MHz . 

le= le= O; -VEs= o,5 v Ce 
t,yp, ll pF 
< 15 pF 

Noise figure at Rs = 2 kQ 

-re = 200 µA; -vcE = 5 v 
typ. 2 dB f = l kHz; B = 200 Hz F 
< 6 dB 

BCY78-VII VIII IX x 
D.C. current s:ain BCY79-VII VIII IX 

10 µA ; -VcE = 5 V hpE 
> 30 40 100 -re= 
typ. 140 200 270 340 

> 120 180 250 380 
-re= 2 mA; - V CE = 5 V hpE typ. 170 250 350 500 

< 220 310 460 630 

> 80 120 160 240 
-re= 10 mA; -VcE = l V hpE typ. 180 260 360 500 

< 400 630 1000 

-re = 100 mA; -vcE = 1 v hpE > 40 45 60 60 

- h-parameters at f = 1 kHz -- -re= 2 mA; -VcE = 5V - Input impedance hte typ. 2,7 3,6 4,5 7,5 kQ 

Reverse voltage transfer ratio hre typ. 1,5 2 2 3 10-4 

> 125 175 250 350 
Small-signal current gain hfe typ. 200 260 330 520 

< 250 350 500 700 

Output admittance hoe 
typ. 18 24 30 50 µA/V 
< 30 50 60 100 µA/V 

4 II II December 1976 



CHARACTERISTICS (continued) 

Switching times 

-Icon = 10 mA; - !Bon = 1Boff = lmA 
Rl = R2 = 5 kQ; RL = 990 Q 
VB= 3, 6 V 

-Icon= 100 mA; -!Bon= lBoff=lOmA 
Rl = SOOQ;R2 = 700Q;RL = 98Q 
VB= SV 

Test circuit: 

-11µs 1-
0V--, I 
-10V LJ 

December ·1976: II 

I 

delay time td typ. 

rise time tr typ. 

turn- on time (td +tr) 
typ. 

ton < 

storage time ts typ. 

fall time tf typ. 

turn-off time (ts+ tf) 
typ. 

toff < 

delay time td typ. 

rise time tr typ. 

turn- on time (td +tr) 
typ. 

ton < 

storage time ts typ. 

fall time tf typ. 

turn-off time (ts+tf) 
typ. 

to ff < 

-10V 

-· _ __Jr--1 f--o osc. 
1 µF 

7Z72951 

II 

----·~--~ 

BCY78 
BCY79 

35 ns 

so ns 

85 ns 
150 ns 

400 ns 

80 ns 

480 ns 
800 ns 

5 ns 

50 ns 

55 ns 
150 ns 

250 ns 

200 ns 

450 ns 
800 ns 

--

5 
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BCY78 
BCY79 

150 

-le 
(mA) 

100 

50 

-1 8 =1 mA 

l"'. 
L 

J.o"I 

YI 

1.-1 

II!!! 

0 
0 

1,5 

-le 
(mA) 

0,5 

0 
0 

6 

II 

0,9mA 

5 10 

7Z72956 

typ. behaviour 

Ti=25°c 

-1 8 =10,5 11 A 

9,5µA 
8,5µA 

7,5µA 

6,5µA 

5,5µA 

4,5µA 

3,5µA 

2,5µA 

~~1' 
2 -VcE(V) 4 

II 

15 

-le 
(mA) 

10 

5 

0 
0 

0,SmA 

15 

tr: rz 
II" 

v 
!2l 
I_,, 

7Z7295B 

typ. behaviour 

Tj=25°c 

0,7mA 

0,6mA 
TTTT 
0,5mA 

0,4mA 
IIII 
0,3mA 
IIII 
0,2mA 

I 
0,1 mA 

:h 
-VcEIV) 20 

7Z72957 

typ. behaviour 

Tj=25°C 

18 =80µ A 
J_ 

70µ.f' 

60µA 
_LL 
50µA 

40µA 
J_J_J_ 

30µA 
J_J_J_ 

20µ~ 

10µA 
J_ 

-VcE(V) 2 

II December 1976 
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BCY78 
BCY79 

typ. values 

-VeE=1 V 

Ti= 25 °e 

l-~~+--~-l--l-l--1-.J.++ BeY78.· IX; BeY79 - IX J'S: 

I :I I TTa .... 

O'---"'---'---'-'-'-'..J..1.J'---'---'-.1....L_._.. ....... _ __,_..__._._....._......._ _ ___.._.___.._._._._....., 
10-2 10-1 10 -le (mA) 

7Z72960 
1~----~~~~~--~~---.,.~~~....----.-----.,.--.---.,.-.-..-.-..-. 

-VeEsat le 
-=40 

-VBEsat le 

(V) 
-VB Esa!.-1---" 

0, 751------1---1--l-~--1-l-l-l----1--l--+-l-l--+-+-1+-------,i,_..:::j.--!--+-'-.+.i-+-I 

Tamb=25 oe 

17 

-VeEsa~ 

December 1976 . 11 II 7 



BCY78 
BCY79 

4 7Z72954 

io r:-:---:-:~:-:==:lf=FrE!;~ 
VcB 25 V (BCY78) 1=J:: max~ 

-le BO 
(nA) 

35 v (BCY79) T 
I" 

v IL 

1 ILl 
0 50 100 (0 ) 150 

Ti C 

2 7Z72953 
10 E=EEEH3933"--:::--;~:-I 

H 

typ. values 
-VcE=5V 
Tamb = 25 oe 

~fe+-+--+-H-H'l+-----l----lf--+-+-P'i<l-H 

jl 

-le (mA) 10 

8 II 

4 7Z72952 
10 E=EEEEEl.:V:::~:--1 VeE=5V 

fT 

(MHz) 

h at -VcE 

hat -VcE=.5V 

1,5 

Tamb=25oe 

typ 

7Z72955 

typ. values 
-le=? mA 
Tamb = 25 oe 

hie; hfe 

J..-1""" j:x: 
~ r M. 

~ ~-
1 ~ "" h..'2 cLl 

"' ' .% 
f"'I ....P L. 

is;; Ah oe 
0,5 

0 
0 10 20 30 

-VeE(V) 
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BCY87 to 89 

N-P-N SILICON PLANAR DUAL TRANSISTORS 

FOR DIFFERENTIAL AMPLIFIERS 

Matched dual n-p-n transistors in a T0-71 metal envelope with all leads insulated from the case. 
They are primarily intended for differential amplifier applications in general industrial service; e.g. 
instrumentation and control. 

Products are divided into three types according to their matching accuracy. 
The BCY87 and BCY88 are intended for applications in pre-stages of differential amplifiers where low 
offset, drift and noise are of prime importance. The BCY89 is for second stages, long-tailed pairs and 
more general purposes. · 

QUICK REFERENCE DATA 

Ratings 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

Vcso 

VcEO 

Ptot 

Tj 

max 45 v 
max 40 v 
max 150 mW 

max 175 °c 

Characteristics of the complete device with collector-base voltage of 10 V and sum of emitter currents 
from 10 to 100 µA. ' 

Ratio of collector currents at 
V1B-1 E = V2B-2E 

Base current difference at 
V1B-1 E;, V2B-2E 

Equivalent differential voltage 
change with temperature * 

Equivalent differential current 
change with temperature * 

MECHANICAL DATA 

T0-71 

All leads insulated 
from the case 

11cfl2c 

l11B-12B I 

l~~I 
I~~ I 

1e 2e 
2c 

< 

< 

< 

BCY87 BCY88 BCY89 

0,9-1,11 0,8-1,25 0,67-1,5 

25 80 300 nA 

3 6 10 µV/OC 

0,5 2 10 nA/°C 

Dimensions in mm 

1c 
1b 
2b 

... 2,54-+-

• 0 +o,51 

~!x ·, +max 

/,.__ 5,3 __./_ 12 7min - 7Z76757 
max ' 

--~~x--

* T amb = -20 °c to +90 oc. 

--
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BCY87 to 8911 
II 

RATINGS see page 7 

CHARACTERISTICS of the individual transistors 

T amb = 25 °c unless otherwise specified 

Collector cut-off currents 

IE = 0; VcB = 20 V; Tamb = 90 °c 

IE = O; V CB = 20 V 

D. C. current gain 

le= 5µA;VcB=lO,V 

le= 50µA; VcB = 10 v 

Ic = 500 µA; V CB = 10 V 

Ic = 10 mA; VcB=lO V 

Transition frequency 

-IE = 50 µA; V CB = 10 V 

-IE = 500 µA; VcB = 10 V 

Collector capacitance at f = 1 MHz 

IE =le = O; VcB = 10 v 

Noise figures 

le= 50µA; VcE = 5 V; Rs= 10 krl 
Bandwidth 10 Hz to 15 kHz 

1 kHz spot noise figure 
Ic = 50 µA; VcE = 5 V; Rs = opt. 
Bandwidth = 200 Hz 

2 II 

lCBO < 

Icso < 

hFE > 

> 
hpE < 

hpE 
> 
< 

hFE 
> 
< 

fT > 

fT > 

Cc < 

F < 

F < 

BCY87 BCY88 BCY89 

5 20 nA 

10 nA 

80 

100 100 100 
450 450 450 

120 
600 

100 
600 

10 10 10 MHz 

50 50 50 MHz 

3.5 3.5 3.5 pF 

3 4 4 dB 

4 5 5 dB 

February 1971 



II 
II BCY87 to 89 

CHARACTERISTICS of the complete device. 

These characteristics are valid under the following condit10ns: 
a. Collector-base voltage of both transistors not exceeding 10 V (V1c-1B = V2c-2B 

,::; 10 V) 
b. Sum of the emitter currents from 10 to 100 µA 

-(IlE + l2E) = 10 to 100 µA 

MATCHING CHARACTERISTICS 

Ratio of collector currents BCY87 BCY88 BCY89 

VlB-lE = V2B-2E 0.9-1.11 0.8-1.25 0.67-1.5 

Difference between base-emitter vol'tages 

I1c = I2c lvrn-1E-V2B-2E I < 3 6 10 mV 

Difference between base currents 

Vrn-rn = v2B-2E 

D. C. curi:ent gain ratio 

I1c = I2c h1FE /hzFE 

Illustration of matching characteristics: 

I2E - xp q . 6.V 
I1E - e . KT BE 

12E 
measured at 6. VBE = 0 

ltE 

IzE 
6.VBJ•: measuredat-1- = l 

lE 

February 1971 

< 25 80 300 nA 

0. 9-1.11 o. 8-1. 25 

Izs 

V1B-IE =VzB-2E 

II 
3 
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BCY87 to 8911 

CHARACTERISTICS· of the complete device (continued) 

Equivalent circuit for drift 

II 

In the equivalent circuit the transistors are considered to be drift fre2,: 
All temperatureLl.loefficients are concentrated in the voltage source Ll.j. and in the 
current source Ll.T . 

It should be noted that the differential current change given is only valid when the 
source resistances are almost equal; the differential voltage change only when the 
base-emitter voltages are almost equal. 

t AI 
I AT 

Block symbol of test amplifier 

transistors free 
from thermal drift 

The test amplifier, used in the tests on page 5, is described on pages 6 and 7. It is 
represented by the following amplifier symbol: 

input 

'"'" Jf" 
output 

7ZD7968 

+ 0-----1 

4 

11 

February 1971 



CHARACTERISTICS of the complete device (continued) 

Equivalent differential voltage change with temperature 

BCY87 BCY88 BCY89 

Tamb = -20 to +90 oc l~~I typ. 
< 

1 
3 

Equivalent differential current change with temperature 

Tamb = -20 to +90 °c 

Test methods 

q 
0 
5l 
" a; 

+ 

NOTE 

l'LW1 
~ 

~Vl 
~2~k01) 

R2=10k!l. 1% 

To prevent contact potentials, 
connections should be soldered. 

l~~I < 0.5 

[ID T 

R5=50k.!l.1% 

t. 
q 
0 

~ 5l .. 
" 'O 

l5 a; 
u .. 
"' 

R2 Amplification factor determined by feedback circuit: RI = 100 

Output voltage against time is recorded. 

2 
6 

2 

4 µV/OC 
10 µV/OC 

10 nA/°C 

The temperature of the amplifier is adjusted to Ti between -20 and + 90 oc. When it 
has stabilized, the output voltage is brought to zero ( jVTl I < I mV)I ). The ampli
fier temperature is then adjusted to T2 between -20 and+ 90 oc. When it has stabi
lized the output voltage can be read off. 

RI 
. R2 

.6.V 
1) For .6.T : adjusted by RvI 

Rl 
R2 

1 
2Rs 

For ~~ : first by RvI with Sl and 52 closed, then by Rv2 with the switches open. 

February 1971 

II 
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BCY87 to 89 

II II 
Differential test-amplifier 

The test amplifier (including feedback resistors, source-resistors and biasing
resistors) should be mounted in a small box to ensure a uniform temperature 
throughout. 

2) 

l) Relative temperature coeffici.ent < 10-5; 0 c 
2) The device at the input is the ~evice ~nder .!_est 

6 

II 

output -Ro 

B.2nF 

,,.,.,., -15V 

February 1971 
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-~--- -------

Performance of the test amplifier 

Open loop voltage gain (Z L = 10 kn) 

Frequency at which Gv = l 

Max. common mode input voltage range 

Max. output current 

Max. output voltage 

Input resistance 

Output resistance 

Common mode rejection ratio 

100 

Gv 
(dB ) 

50 

0 
10 

RATINGS 

"' 
"""' 

(Limiting values) 1) 

Voltages (each transistor) 

s 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 
Ic = 10 mA · 

Emitter-base voltage (open collector) 

Currents (each transistor) 

Collector current (d. c. ) 

~ 

""' " 

Total power dissipation up to Tamb = 25 oc 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient 

BCY87 to 89 

Gv typ. 105 

f1 typ. 10 MHz 

±10 v 
±2.5 mA 

±10 v 
Ri 100 kn 

Ro typ. 20 kn 

105 
7207977 

"'-,._ 'E; 

108 f (Hz) 109 

VCBO max. 45 v 

VCEO max. 40 v 
VEBO max. 5 v 

Ic max. 30 mA 

Ptot max. 150 mW 

Tstg max. 175 oc 

Tj max. 175 oc 

Rth j-a 1 OC/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

February 1971 
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~~M-A-IN_T_E_N_A_N_C_E_T_Y_P_E~~~~~~~~~~~---~~~·~~8-F-11-5~.-~~ 
SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. It is intended for general broadcast and television. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 45 °c 

Junction temperature 

Transition frequency 
le= 1 mA; VcE = 10V 

Noise figure 
le= 1 mA; VcE = 10 V 
f = 1 MHz; Gs= 3,3 mA/V 
f=100MHz;Gs= 10mA/V 

MECHANICAL DATA 

Fig. 1 T0-72. 

VcBo 

VcEO 

'c 

Ptot 

Tj 

fT 

F 
F 

e 

~i· u : 
[..,.._ 5,3 _J,.._ 12 7min __ I 

max ' 

max. 50 v 
max. 30 v 
max. 30 mA 

max. 145 mW 

max. 175 oc 

typ. 230 MHz 

typ. 1,2 dB 
typ. 4 dB 

Dimensions in mm 

vo,51 
+max 

(l) c ... 2,54-

........ 5,8 -max 
72690051 

(1) =shield lead (connected to case). 

Accessories: 56246 (distance disc). 

FOR NEW DESIGN THE SUCCESSOR TYPES BF494 OR BF495 ARE RECOMMENDED 

October 1982 
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2 

BF115 j 
RATINGS 

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

Collector-base voltage (open emitter) Vcso 

Collector-emitter voltage (open base) 
(see also page 5) 

Collector-emitter voltage (see page 5) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tamb = 45 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

October 1982 

Rthj-a 

max. 50 v 

max. 30 v 
max. 50 v 
max. 5 v 
max. 30 mA 

max. 30 mA 

max. 145 mW 

-65 to + 175 oc 

max. 175 oc 

0,9 K/mW 



BF180 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF180 is primarily intended for application in a forward gain controlled preamplifier in u.h.f. 
and integrated t~levision tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VcBo max. 30 v 
Collector-emitter voltage (open base) Vern max. 20 v 
Collector current (d.c.) le max. 20 mA 

Total power dissipation up to T amb ; 25 °c Ptot max. 150 mW 

Junction temperature Tj max. 175 oc 

Transition frequency 
lc;2mA;VcE;10V fy typ. 675 MHz 

Feedback capacitance at f; 10,7 MHz 
le; 1 mA; VcE; 10 V Cre typ. 280 fF 

Maximum unilateralized power gain 
-IE; ·2 mA; VcB; 10 V; f; 200 MHz GuM typ. 24 dB 
-IE; 2 mA; VcB; 10 V; f; 900 MHz GuM typ. 12 dB 

Noise figure at optimum source admittance 
-IE; 2 mA; VcB; 10 V; f; 200 MHz F typ. 2,5 dB 
-IE; 2 mA;VcB; 10 V; f; 800 MHz F typ. 5,7 dB 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-72. 

b 

I 0 I"" ~L: : imo• 

I..._ 5,3 ,,.J_ 12 7min _I (1) c ... 2,54-

--ri~x--f> 
(1) ; shield lead (connected to case). 

Accessories: 56246 (distance disc). 

max ' 1z5ss19 2 

October 197!:l 
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BF180 

JI II 
RATINGS (Limiting values) 1) 

Volta~es 

Collector-base voltage (open emitter) VcBO max. 30 v 
Collector-emitter voltage (open base) VcEo max. 20 v 
Emitter-base voltage (open collector) VEBO max. 3 v 

Currents 

Collector current (d.c.) Ic max. 20 mA;J 

Collector current (peak value) 1CM max. 20 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +175 OC 

Junction temperature T. max. 175 oc 
J 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 1 0 c/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
me publication 134. 

2 II II June 1968 
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BF180 

CHARACTERISTICS Tamb = 25 oc unless otherwise specified 

Base current 

-IE= 2 mA; Vea= 10 v 

-IE = 12 mA; V CB = 7 V 

Emitter-base voltage 

-IE = 2 mA; Vea= 10 V 

Feedback capacitance at f = 10. 7 MHz 

le= 1 mA; VCE = 10 V 

Transition frequency 

le = 2 mA; v CE = 10 v 
Noise figure 2) 

-IE = 2 mA; VCB = 10 V; 

Gs = 40 mn-1; Bs = O; f = 200 MHz 

-IE= 2 mA; Vea= 10 V; 

Gs = 10 mn-1; Bs = O; f = 800 MHz 

Maximum unilateralised power gain 2) 

G - IYfb I 2 
UM - 4gib gob 

-IE = 2 mA; Vea = 10 V; f = 50 MHz 
-IE = 2 mA; Vea = 10 V; f = 200 MHz 
-IE = 2 mA; Vea = Hi V; f = 500 MHz 
-IE= 2 mA; Vea= 10-V; f = 900 MHz 

Transducer gain 2) 

-IE= 2 mA; Vea= 10 V; f = 200 MHz; 

Gs = 40 mn-1; Bs = 0 

GL = 1 mn-1; BL : tuned 

-IE= 2 mA; Vea= 10 V; f = 900 MHz; 

Gs = 20 mn-1; Bs = 0 

GL = 2 mn-1; BL : tuned 

1) l fF = 1 femtofarad = 10-15 F 

rs 

·Is 

-VEB 

Cre 

fT 

F 

F 

GuM 
GuM 
GuM 
GuM 

Gtr 

Gtr 

typ. 45 µA 
< 150 µA 

< 2.2 mA 

typ. 0.75 v 

typ. 280 fF 1) 

typ. 675 MHz 

typ. 4. 5 dB 

typ. 7.0 dB 
< 9. 5 dB 

> 32 dB 
typ. 24 dB 
typ. 14 dB 
typ. 12 dB 

typ. 16. 5 dB 

> 
typ. 

7.5 dB 
9 dB 

2) Common base configuration, metal envelope contacted to earth directly, ex
Lc rnal lead length: 1 mm. 

June 1968 II 3 
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BF180 

II 11 

1------+----+---b;bfZ ::s~ 
typ1ca~ values 
Vca=70V 
-lE=2mA 
lead length= 7mm 
can to earth 
1--~~-+--+---+--+--+-+--+-+-~--+-~,___,f---t---l-l-~1: 

60 50 700 600 f(MHzJ 7000 

l~bl1------+---lf----+--+--+---+--+--+--+-----+----+---lf--+--t-...+-+-l~ 
(µJl-1) :!: 

1------+----'-lf---+---+--+--+--+--+-+----+---+---lf--~+-t-+-H~ 

~ J ~ 
r~1------+--rp,.b-+---+---+--+--+-+-1-----+--r.L..~...L'-+-V-+--+-+--+--+~ 

/ 

L 7001-----t--l---+---+--+-t--+--+-!7~--+---+--f--+-+-t-+-H 

1-------1---1---+---+--+12"""""""'17-+--+-+-----4typical values 
1-------1---1---+---+v-7'f'-+--+--+-+-----4Vc8 =1ov 
1----~---1---1-----rc~....+--+-+--+--+-+----~-l£:=2mA 

1-----+---IYrbl...,; lead length=7mm~i--+-~f--I 
can to earth 

50 700 600 f(MHzJ 7000 

4 

II 11 
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II II 
BF180 

10001~---------------~-~-~~-~-~~ '----__Jtypical values i:'l 
IYfbl .__ __ __JVca=IOV ~-+--l-4-----+--+---+---4---4~--+-+-1"' 

(m.Q,-1J1----__J-l£=2mA ~ 
1-----__Jlead length= Imm ~-+--l-4-----+--+---+--4f-----~--+-+-10> 

~ -~~~ ~ 
(~l-----f--------l----+--1----1---1-1---l---l-----__J--+---+-+--+--l---l---l-l 

1000 
9ob 

(µ.Q,-1) 

20 

~ typical' values 
ob-~a=IOV 

50 

500 
(pFJ--[£=2mA 
5-----Zead Zength=lmm 

200 2 

100 7 

50 as 

20 Q2 

10 QI 
10 

June 1968 

can to earth 

20 50 

II 

100 200 f (MHz) 1000 

dZ 
[Z 

7-
lZ 

7 
Cab 

gi 
7 

r7 
7 -z 

v7 
)'1 

100 200 f (MHz) 1000 

II 
5 

----



BF180 

--

10 
~Gtr 
(dBJ 

0 

-20 

-40 

8 

F 
(dB) 

- 6 

4 

2 

~ 

6 

II 

~ IS 
l\"\li 

IXlx: CSJ 

1'K ro 
ffi'1 

II 

ro IX 

5 

Vea =10V 
-IE =2mA 
lead length=1mm 
con to earth 
optimum Ys 

2 5 70 

II 

11 

typical values 1-- f Gs GL 
Vs= 12V I- (MHz) (m.n.-1) (m.n,-1) 

I-RE +Rc=390Jl I- 50 40 1 lead length=1mm I- 200 40 1 
Bs =0 1-- 500 10 2 
BL tuned to maximum gain~ 900 70 2 
Tomb= 25°C 

'' 

JS: 
JS 

IS 
f-900MHz cs '; 

Tn 
500MHz 

ffi '' 
~ 

ID 
['i 200MHz II 

~ 
I\ H 50MHz lri ! I'il TTI 

±±± 
III 

70 15 20 IE (mAJ 2S_ 

f optimum Ys 
(MHiJ (m,[l,-1) 

10 3 
35 6 

700 8-j7 
200 1Q5-j4 
500 78+j4 
800 20+)77 

lZ 
z 

z 
.L 

/ 
/ 

2 

typ 

20 50 100 200 "f (MHz) 1000 

II 
June 1968 



l ___ s_F-~8_1_--_--
SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF1B1 is primarily intended for application as mixer-oscillator in the u.h.f. band. 

QUICK REFERENCE DATA 

Collector-base voltage {open emitter) VcBO max. 30 v 
Collector-emitter voltage {open base) VcEO max. 20 v 
Collector current {d.c.) le max. 20 mA 

Total power dissipation up to T amb = 25 oc Ptot max. 150 mW 

Junction temperature Tj max. 175 oc 

Transition frequency 
le= 2 mA; VcE = 10 V tr typ. 600 MHz 

Feedback capacitance at f = 10,7 MHz 
lc=1 mA;VcE=10V Cre typ. 280 fF 

Maximum unilateralized power gain 
-IE= 2 mA; VcB = 10 V; f= 900 MHz GuM typ. 11 dB 

Noise figure at optimum source admittance 
-IE= 2 mA; VcB = 10 V; f= 900 MHz F typ. 6,8 dB 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-72. 

1,16 JI 
max"- 4501 
~"". e 

b 

4. [ ~I==== 
L. 5,3 ... 1- 12,7min _I 

(1) =shield lead {connected to case). 

Accessories: 56246 {distance disc). 

max nsss19 2 

October 1979 
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BF181 

11 11 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VcBO max. 30 v 
Collector-emitter voltage (open base) VcEO max. 20 v 
Emitter-base voltage (open collector) VEBO max. 3 v 

Currents 

Collector current (d. c.) Ic max. 20 mA 

Collector current (peak value) 1CM max. 20 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +175 OC 

Junction temperature T. max. 175 oc 
J 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a l 0 c/mW 

l) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 

11 II 
June 1968 



CHARACTERISTICS Tamb = 25 °c unless otherwise specified 

Base current 

-IE= 2 mA; VCB = 10 V 

Emitter-base voltage 

-IE = 2 mA; VcB = 10 v 

Feedback capacitance at f = 10. 7 MHz 

le = 1 mA; v CE = 10 v 

Transition frequency 

le = 2 mA; V CE = 10 V 

y parameters at f = 35 MHz 2) 

-IE= 2 mA; VCB = 10 V 

Output conductance 

Output· capacitance 

Maximum unilateralised power gain 2) 

G - IYtbl2 
UM - 4 gib gob 

-IE= 2 mA; VcB = 10 V; f = 500 MHz 

-IE = 2 mA; VCB = 10 V; f = 900 MHz 

Transducer gain 2) 

-IE= 2 mA; VcB = 10 V; f = 900 MHz; 

Gs = 20 mW1; Bs = 0 

GL = 2 mn-1; BL : tuned 

1) 1 fF = 1 femtofarad = 10-15 F. 

lB 

-VEB 

Cre 

fT 

GuM 

GuM 

typ. 70 µA 
< 150 µA 

typ. 0.75 v 

typ. 280 fF 1) 

typ. 600 MHz 

cyp. 10 µn-1 

typ. 0.9 pF 

typ._ 13. 5 dB 

typ. 11 dB 

typ. 8 dB 

2) Common base configuration, metal envelope contacted to earth· directly, ex-
ternal lead length: 1 mm. · " - · 

July 1969 II 3 
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BF181 

100 10 
gib 

{m.n,-1) -cib 
-bib 

(m.Ib'J 
80 8 

60 6 

40 4 

20 .2 

0 0 300 

I 

600 

400 

200 

0 
300 

4 

11 

400 500 

typical values 
Vca=10V 
IE =2mA 

lead length -1mm 
con to earth 

400 500 

11 

11 

typical values 
Vcs =10V 
IE =2mA 

lead length 1mm 
can to earth 

C;b 

bib 

ib 

600 700 800 900f(MHz) 

IYrbl 

<Prb 

600 700 800 900 f(MHzJ 

II June 1968 



100 
I .lfb 

(m!t1J 
111fb 7,o) 

I 

80 

60 

40 

20 

0 

1 
gob 

(m!r? 
Cob 

(pFJ 
QB 

Q6 

Q4 

Q2 

0 

300 

300 

June 1968 

400 500 600 

Cob 

gob 

400 500 600 

II 

nll~n 
BF181 

typical values 
Vea 70V 

IE 2mA 
lead length 7mm 
can to earth 

<fJrb 

IYtb 

700 800 900 f(MHzJ 

----
typ1co1 values 
Vea 70V 
I£-2mA 

lead length=7m 
can t:o earth 

700 800 900 'f(MHz) 

II 



BF181 

--

10 

F 
(dB) 

8 

6 

4 

= 2 

0 

6 

300 

II 

I.Ce =10V 
-IE=2mA 
fh =1mll-1 

optimum IS 
lead length =1mm 
can to earth 

400 500 

II 

f 
(MHzJ 

optimumYs 
(mll-1) 

500 22+j5 
800 17 +]15 

t ~ 

600 700 800 900 f(MHzJ 

II 
June 1968 



_______ Jl_-BF1-82 

U.H.F. SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF182 is primarily intended for application as mixer in integrated television tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter} Vcao 
Collector-emitter voltage (open base} VcEO 
Collector current (d.c.} 'e 
Total power dissipation up to T amb = 25 oc Ptot 
Junction temperature Ti 
Transit-ion frequency 

le=2mA;VcE=10V tr 
Maximum unilateralized power gain 

-IE= 2 mA; Vea= 10 V; f= 900 MHz GuM 
Noise figure at optimum source admittance 

-IE= 2mA;VeB=10V;f= 800 MHz F 

MECHANICAL DATA 

Fig. 1 T0-72. 

b u ~I==== 

max. 25 v 
max. 20 v 
max. 15 mA 

max. 150 mW 

max. 175 °e 

typ. 650 MHz 

typ. 11 dB 

typ. 7.4 dB 

Dimensions in mm 

+o,51 
+max 

I .. 5,3 -.1- 12,7min -' max n&ss1s 2 

(1} =shield lead (connected to case}. 

Accessories: 56246 (distance disc}. 

October 1979 
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BF182 

II 
RATINGS (Limiting values) l) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Currents 

Collector current (d. c.) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

Storage temperatu.re 

Junction temperature . 

THERMAL RESISTANCE 

From junction to ambient in free air 

Vcso 

VcEO 

VEBO 

Ic 

1cM 

Ptot 

Tstg 

Tj 

Rth j-a 

II 

max. 25 v 
max. 20 v 
max. 3 v 

max. 15 mA 

max. 15 mA 

max. 150 mW 

-65 to +175 oc 

. max. 175 oc 

l oc/mW 

CHARACTERISTICS T amb = 25 °c unless otherwise specified 

Base current 
typ. 100 µA 

-IE = 2 mA; Vcs = 10 v Is < 200 µA 

Emitter-base volta~e 2) 

-IE = 2 mA; Vcs = 10 V -VEB typ. 770 mV 

Transition frequency 

Ic = 2 mA; VcE = 10 V fT typ. 650 MHz 

Feedback capacitanc;:e at f = 10. 7 MHz 

Ic = l mA; VcE = 10 V Cre typ. 330 fF 

l) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) -VEB decreases by about 1.6 mV/°C with increasing temperature. 

2 ll ll June 1968 



II BF182 

CHARACTERISTICS (continued) 

Output conductance at f = 35 MHz 

-IE = 2 mA; VcB = 10 V 

Tamb = 25 °c unless otherwise specified 

Transducer gain at f = 900 MHz (common base) 1) 

-IE = 2 mA; Vcs = 10 V 
Gs = 20 mn-1; GL = 2 mn-1 

Max. unilateralised power gain 

- IYfbl 2 
GuM - 4 gibgob 

-IE = 2 mA; Yes= 10 V; f = 500 MHz 

-IE = 2 mA; Vcs = 10 V; f = 900 MHz 

Noise figure at optimum source admittance 

-IE = 2 mA; Vcs = 10 V; f = 200 MHz 

-IE = 2 mA; Vcs = 10 V; f = 800 MHz 

F 

F 

1) Envelope connected to earth directly, lead length = 3 mm. 

June 1968 II II: 

typ. 8 µn-1 

> 8 dB 
typ. 10 dB 

typ. 1-5 dB 

typ. 11 dB 

typ. 3.3 dB 

typ. 7.4 dB 

3 
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] BF183 

U.H.F. SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF183 is primarily intended for application in integrated television tuners as local oscillator 
with excellent frequency stability. 

QUICK REFERENCE DATA 

Collector-base voltage {open emitter) 

Collector-emitter voltage {open base) 

Collector current {d.c.) 

Total power dissipation up to Tamb = 25 oc 

Junction temperature 

Transition frequency 
lc=3mA;VcE=10V 

Maximum unilateralized power gain 
-IE= 3 mA; Vcs = 10 V; f = 900 MHz 

MECHANICAL DATA 

Fig. 1 T0-72. 

Vcso 

VcEO 

le 

Ptot 

Tj 

fy 

GLJM 

b 

l_[ ~II==== 
/ ... 5,3 ._I_ 12,7min _I 

(1) =shield lead {connected to case). 

Accessories: 56246 {distance disc). 

max 1z5ss192 

max. 25 v 
max. 20 v 
max. 15 mA 

max. 150 mW 

max. 175 oc 

typ. 800 MHz 

typ. 13 dB 

Dimensions in mm 

io,s1 
+max 

( October 1979 
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BF183 l __ _ 
RATINGS 

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

Collector-base voltage (open emitter) VcEio 

Collector-emitter voltage (open base) VcEO 

Emitter-base voltage (open collector) 

Collector current 
d.c. 

peak value 

Total power dissipation up to T amb = 25 °c 

Storage tern peratu re 

Junction temperature 

THERMAL RESISTANCE 

From' junction to ambient in free air 

CHARACTERISTICS 

Tamb = 25 oc 

Base current 
-IE= 3 mA; Vcs = 10 V 

Emitter-base voltage * 
-IE=3mA;Vcs=10V 

Transition frequency 
lc=3 mA; VcE = 10 V 

Feedback capacitance at f = 10,7 MHz 
le= 1 mA; VcE = 10 V 

Transducer gain (common base) ** 
-IE =3 mA; Vcs = 10V 
Gs= 20 mA/V; GL = 2 mA/V; f = 900 MHz 

Maximum unilateral power gain 

IYtb I 2 
GuM (in dB)= 10 log-4 -· -

gib 9ob 
-IE =3 mA;Vcs = 10V; f~ 500 MHz 

-IE =3 mA; Vcs = 10V;f= 900 MH~ 

le 

ICM 

Ptot 

Tstg 

Tj 

Rth j-a 

Is 

-VEB 

fy 

Cre 

Gtr 

GuM 

GuM 

• -VEB decreases by about 1,6 mV/K with increasing temperature. 
** Envelope connected to earth directly, lead length= 3 mm. 

2 . °"'"""' 19791 ; . 

max. 25 v 
max. 20 v 
max. 3V 

max. 15 mA 

max. 15 mA 

max. 150 mW 

-65 to+ 175 oc 

max. 

typ. 
< 

typ. 

typ. 

typ. 

> 
typ. 

typ. 

typ. 

175 oc 

1 K/mW 

125 µA 
300 µA 

7~0 mV 

800 MHz 

330 fF 

8,5 dB 
12,0 dB 

16 dB 

13 dB 



l BF198 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant. The BF 198 has a very low feedback capacitance and is 
intended for use in the forward gain control stage of the television i.f. amplifier. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

Transition frequency at f = 100 MHz 
lc=4mA;VcE=10V 

Feedback capacitance at f = 10,7 MHz 
IC = 1 mA; V CE = 10 V . 

Max. unilateralized power gain 
lc=4 mA; VcE = 10 V; f=35 MHz 

f = 45 MHz 

Gain control range 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

·~ 
7Z76161 2 

VcBo 

VcBo 

le 

Ptot 

Tj 

fT 

-Cre 

GuM 
GuM 

.:lGtr 

I.,_.. 15,2max _.,__ ____ 12,7min 

max. 40 v 
max. 30 v 
max. 25 mA 

max. 500 mW 

max. 150 °c 

typ. 400 MHz 

typ. 200 fF 

typ. 42 dB 
typ. 39 dB 

typ. 60 dB 

Dimensions in mm 

• 0,40 
t min 

0,67 
max 

" I 0 ~r i ========:i 
7Z70994.1 

+ 0,49 
t max 

diameter within 2,5 max I I 
is uncontrolled .... .... 

-

-
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BF198 

11 11 

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

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Currents 

Collector current (d. c.) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

S.torage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

1) See also page 6. 

2 

Ve BO 

VcEO 

VEBO 

re 

lcM 

Ptot 

Tstg 

Tj 

Rth j-a 

max. 40 v 

max. 30 v 1) 

max. 4 v 

max. 25 mA 

max. 25 mA 

max. 500 mW 
,• 

-65 to +150 oc 

max. 150 oc 

0.25 °c/mW 

11 
June ·1971 
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BF198 

CHARACTERISTICS T arnb = 25 °c unless otherwise specified 

Base current at about 50 dB gain control 

Ic = 6rnA;VcE=2V Is < 270 µA 

le = 15 rnA; V CE = 5 V Is < 1. 5 rnA 

Base current 

, le= 4rnA;VcE=lOV Is 
typ. 60 µA 
< 150 µA 

Base-emitter voltage 1) 

le= 4 rnA; VcE = 10 V VBE 
typ. 760 mV 
< 850 mV 

Feedback ca2acitance at f = 10. 7 MHz 

le= 1 rnA; V CE = 10 V Cre typ. 200 fF 

Transition freguency at f = 100 MHz 

le= 4rnA;VcE=lOV fT typ. 400 MHz 

Noise figure 

le = 4 rnA; VcE = 10 V 
Gs= 10 rnA/V; f = 35 MHz; Bs = 0 F typ. 3 dB 

y 2arameters (common emitter) 

le = 4 rnA; V CE = 10 V --f = 35 45 MHz 

Input conductance gie typ. 3.2 4.8 rnA/V 

Input capacitance Cie typ. 37 35 pF 

Feedback admittance IYrel typ. 47 60 µA/V 

Phase angle of feedback admittance <Pre typ. 268° 268° 

Transfer admittance IYfel typ. 105 100 rnA/V 

Phase angle of transfer admittance <Pfe typ. 3400 340° 

Output conductance goe typ. 50 60 µA/V 

Output capacitance Coe typ. 1. 3 1. 3 pF 

Maximum unilateralized 2ower ~in 

G (in dB) = 10 log IYfel 2 
UM 4giegoe 

Ic = 4 rnA; VcE = 10 V GuM typ. 42 39 dB 

1) VBE decreases by about 1. 7 mV ; 0c with increasing temperature. 

June 1971 II II 
3 
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BF198 

11 11 

Equivalent gain control transistor 

To ensure an almost constant input admittance and an output conductance that varies 
little with gain control, we recommend that where a BF198 is used in a gain con
trolled i. f. stage, a series base capacitor of 22 pF and a bias resistor of 1 kQ be 
used. 

c;~P~· c 

v0 + Re= 
~ 1k.n. 

a.g.c. E' 
7Z62020 

The transistor with these additional components is 
·effectively an "equivalent transistor" for gain con
trol purposes, the signal handling capability of which 
may be expressed in terms of voltage. (Without these 
components the varying input admittance means that 
the signal handling capability can only be expressed 
in terms of power). 

The signal handling capability of the equivalent transistor as a function of ~Gtr (the 
reduction in transducer gain wi'th gain control) will be found on pages 4 and 5. 

a. Voltage versus ~Gtr curves for a 'Y distortion of 5% are below. 
b. Voltage versus ~Gtr curves for an in-band cross modulation factor of 1% are 

on page 5. 
Graphs of the y-parameters are on pages 8 to 11. 

10 

V9' 
(V) 

0.1 

4 

"'(distortion curves 
-VEE= 25 V 

RE +Re= 3.9 kQ 

-50/o'I 
distort!On 

"' 
Li 

20 

II 

7Z09623 

f = 35 MHz 
T~mb = 25 OC 

:r. 50/o 'I 
distort ion 

4011Gt~ (dB)SO 

10 -y distortion curves 
7Z09624 

-VEE =20V f =35MHz 
Ve• RE+Rc=lkQ Tamb=25°c 

(V) q 1 ttmmf-
-50/o ~ 1W\TW1-l*!=;t=l=ll~+5%ll t.tt 
distortion distortion 

20 4011Gtr (dB)SO 
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Ve• 
(mV)H++-H-+-Hf-H-1-1-++H-+-Hf-H-1-1-++H-l-l-l 

June 1971 

In-band cross-modulation 
-VEE= 25 V; RE+ Re= 3.9 lcQ 

Tamb = 25 oe 

20 40M3tr (de)60 

11 

1000 

Ve• 
(mV) 

100 

10 
NI 

II 

BF198 

7Z09622 

K:1°/o 

w 
~ lk Ji' 

In-band cross-modulation 
-VEE = 20 V; RE+ Re= l lcQ 

Tamb = 25 °e 

20 40dGtrCde)60 

----

II 5 
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BF198 

II 
60 

VcER 
(V) 

Maximum allowable collector-emitter voltage (with resistance 
between base and emrtter and le = 2 mA) versus the base resis-
tance applied. 

1 I 
The same curve applies to wCB and wCE whenexternalcapac-

itances are used. 

40 
RE=1.0k.C1 

lc=2mA-

VcER 

,-~ c~ Rs -, 
~E 

RE .., 
'i..o L-

20 

Tj up to 150°C 
7Z62019 

0 
0.1 

-

v 
? r? 

~ 

j,y 
I./ 

70.5k.C1 
7_0 
~ 

r-+-J 

10 

11 

7Z09625 

100 R9 (k.11.) 1000 

11' 0.1 L---l-LLL...Ll..J..W:i..L-_J..._.L.....J-l-u..L.LL...-..L_--1-J...J....1....LIL.1.L----'---'--'--'--'-'-.LI.J 

noo1 0.01 0.1 Is (mA) 10 

6 II II June 1971 



30 

le 
(mA) 

20 

10 

--------

11 

7Z09606 

~TT T typical values 
~1E~T 1---1--1 Tj:25°C~ ~~~ ,, f'i 

~Q:) 7 l/,r7 '!.~~ 

J -~ 

rJ 
v DD ~ rnP--

IT DI L,.. 
i;;; t ~r/ v 

P' T v Q.~ c;.1-" 
~ :r 

J7 ~ 
r;;; 

YI J}I A o. m 
rr J.-1- t 

i;;; :r 
D 0.1mA 
,.... 

10 VcE (V) 20 
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BF198 
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9ie 
CmA/Vl 
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10 

1a4 
IYrel 

lµA/Vl 

103 

102 

10 

"1 

II II 
Voltage control; -VEE= 25 V; RE+ Re= 3. 9 kQ; f = 35 MHz 
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! I' 

I 

JIJ 
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1001-1-+-+-+~,....-H-+-t-+-+-+--H--t-t-H~ 

jJ_ 
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I'' 

M 

s VcE(V) 10 

y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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II BF198 

Voltage control; -VEE = 25 V; RE+ Re = 3. 9 kQ; f = 35 MHz 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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BF198 

II II 
Current control; -VEE= 20 V; RE+ Re= 1 kQ; f = 35 MHz 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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BF198 

Current control; -VEE = 20 V; RE+ Re= 1 kQ; f = 35 MHz 

103~!Eil!E~~~~~~,z~oE9s~1~s~ 
I Yt el 1-ti:i +t-1-t-H-H-H-t-H-+-t-t-H-H-t-H-+-t-t-t-H 

( mA/V l H+-H-+-1-H-+-H,..j-j-i-++H++-H-++++H-H 

102ll1"'!~1~'"r-1111111~ 

10"" 

9oe 
CµA/Vl 

10 

~ 

I' 

u 

7Z09616 

J.1: 
L~ 

Ill y 

l 
10 20 le CmA)30 

600 

<Pte 
(0) 

400 

200 

3 

Coe 
(pF) 

2 

7Z09618 

r- I"'-!... 
'I'"~ 

!SJ 

~ I' 

1\i 
~ 

10 Ic CmA) 20 

7Z09617 

l7l: 
~I/_ 

1 
I.ii 

1L' rL 

~ 1 
I-

""" G'l 

10 Ic (mA) 20 

y-purnmeters of the equivalent gain control transistor, including base capacitor and 
base re:sistor as shown on page 4 (dashed curves apply to the transistor only). 
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BF198 

II II 
APPLICATION INFORMATION 

First stage of an i. f. amplifier 

Basic circuit with voltage gain control: RE+ Re= 3. 9 kQ; -VEE= 25 V 

current gain control: RE+ Re= 1 kQ; -VEE= 20 V 

,- --------, 3pF, 
I BF198 ..---+---.---r--f 1-....--.... 

10pF I Ce I 
~~...---t I 

22pF 

I 
I 
I 

_J 

output power in load R L 
Gtr (in dB) = 10 log --. ---------

available power from source Rs 

8.2pF 
1.22µH 

f = 36. 4 MHz; le= 4 mA; RE+ Re= 3. 9 kQ; -VEE = 25 v 

9~.!12_c:_q_~t!s>L1:.~~g:<;_ (see also upper graphs next page) 

Gtr typ. 25. 5 dB 

6.Gtr typ. 60 dB 
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II II 
BF198 

Voltage gain control Current gain control 

7Z09626 7Z09627 

Tamb=25oc Tamb=25°C 

20 
11Gtr 
(dB) 

0 

-20 

-40 

20 
11Gtr 

(dB) 

0 

-20 

-40 

10 0 
-60 

0 10 20 Ic CmA)30 

Curves of constant gain reduction 7Z09s20 1 

30 1-+-+-+--+-+--+--+-+-<i-.....-1--+-+-+--+-+--+--+-+-<+-+--1-+-+-+--+-+--+--+-1-+-+-+-+-< typical values 
Ic f: 36.4MHz 

1-+-+-+-+-+--+--+-+-<-+--+-+-+-+-+-+--+--+-+-<+-+-+-+-+-+--+-+--+--+-1-f-+-+-+-<Tarnb=25oc 
(mA) see also circuit 

on _f::as_e 12 

t-+-+-+--+-+11Gtr=-60dB-+-+--+-+-+-1---+-+-+-+-+-+-+--+-+---+-t---+-+-+-+-+--+-+--+-+--+-<--+-+-+-< 
20i..-+-+-+-+-il'+-t-H-+-H-+-+-++-+-+-HH-H-+-+-++-+-+-HH-+-+-+-+-++-+-t-+-H-+-I 
~ J_J_ 

RE+Rc=~ ~ ~ ~ 50d8++-t--1-+-H-+-1--+-+++-+-+-+-H-+--+--+-+++-t--1-+-H-+-+-++-1 
1'11 :II 

1k.f1 ~~ ~ 40dB+-+-++++++-+-+-t-t-t-1-+-t-t-t-t-+-+-+-+-++++-t-t-+-+-+-t 

~ ~-32d8++-+-t-t-t-t-t-t-t-+-t-t-t-t-t-t-t-+-t-H-t-l-t-l-t-l-t-li-+-I 

0o 10 20 30 VcE (V) 40 
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J BF199 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant envelope. 

The BF199 has a very low feedback capacitance and is intended for use in the output stage of a vision 
i. f. amplifier. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 oc 

Junction temperature 

Transition frequency at f = 100 MHz 
lc=5mA;VcE= 10V 

Feedback capacitance at f = 10,7 MHz 
le= 1 mA; VcE = 10 V 

Maximum unilateral power gain 
lc=7 mA; VcE = 10 V; f=35 MHz 

Video detector output voltage 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

Vcao 

Vern 

le 

Ptot 

Tj 

fy 

Cre 

GuM 

Vo 

max. 40 v 
max. 25 v 
max. 25 mA 

max. 500 mW 

max. 150 oc 

typ. 550 MHz 

typ. 340 fF 

typ. 44,4 dB 

typ. 7,7 v 

Dimensions in mm 

·~ 
7278181 2 

:Jo.~o o~~ ============i: tm•n 

r S,2max --------- 12,7min 

I 0 l=C=~ i===I =======,,====i_, : ~:: 
diameter within 2,5 max I I 
is uncontrolled _.. --

October 1982 
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BF199 
II II 

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

Voltages 

Collector-base voltage (open emitter) Vcao max. 40 v 
Collector-emitter voltage (open base) VcEO max. 25 v 1) 

Emitter-base voltage (open collector) VEBO max. 4 v 

Currents 

Collector current (d. c.) IC max. 25 mA 

Collector current (peak value) ICM max. 25 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Ptot max. 500 mW 

Temperatures 

Storage temperature Tstg -65 to+150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 0.25 0 c/mW. 

-----

1) See also page 4 
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Silicon planar epitaxial transistor BF199 

* Vsc: decreases by about 1,7 mV/K with increasing temperature. 

3 
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BF199 

60 

VcERmax 
(V) 

40 

20 

II 

Maximum allowable collector-emitter voltage (with resistance 
between base and emitter and le = 2 mA) versus the base res is-
tance applied. 

l 1 
The same curve applies to wCB and wcE whenexternalcapac-

itances are used. 

....... 
fiJ 

to..~ UfJ ......, to 1~ 

-i 
....... :fl 

N 

r- R 

I f--o 
c~ 

I E 

: 
'-- ... 

Ti up to 150°C 
7262019 

0 
0.1 10 

4 

II 

II 

7209597 

100 R9 ( k.O.) 1000 

11 
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II II 
BF199 

7Z09596 
100 i=::::::t::::±:::ErEEEH~b~as~e;-;::-;cu~r~re~n~t~v~e~rs~u~s:-:::;co~U1.e~ct~o;r~c~u;,rr~e~nttE=E:Ef~EB 
Ic l-----l---i-1--i-+-l-l-+l V CE = 10V f-1-1-1-1-++--+--I-+-4-H-++-;+--1--1-+-+++++1 

Tj =25°C 
CmA)..___,__,___,__,_,__,_..,_..___,__~__.__._._......._.~--+--1-~1_,__._~._._....~-1--+--+--+-~ 

I'd" ..... ~O.=!.'>r'F-11 +l--+---+-4-++-H-H 

L~~1· 
10E===E:::E:EE±~===::::E:±=l::!±:!:!:tt~:±z::±±=t:!::l:HE===:±=t=t=E:t:t:tl 

0·10.001 0.01 

30~-~~~~~~7~Z~09~59~5-
base emitter voltage versus>-

! c co Hee tore ::.cu:::..r.:....:re:c..cn...:..t -'-'----'-'--'-'---J_J_J 

( m A) V CE = 10 V ,__:T-1---1-+--+-+--+-_,__._-1--1-J_J_J 

Tj = 25°C a.,_._'-'-'-+-+-+ ILl1-1-
L.J_-'-'-..L.l..-'-L?l ~O'.ll---j--

"'J ~4-+-L-1--'-'--'-L-'-'--'-'---L-L-L-L-'-'--CJ ++-
20,1-1-~~~-l-l-+-+-.+-1-+-+-f ++-

n 
II 

0~.....:~._..l..l....U.~Li....1.~...w....L..1.-LI-W 
0.6 0.8 VsE (V) 

June 1971 II 

0.1 19 (mA) 10 

ui...~~.+-l-+...+-+...+--1-+--1-+--1-+-+~).~li 

1 

o.6! rnA 

10 VcE (V) 20 
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BF199 

II 

104.---~~~~~~~~~-'~'-"-"---.' 
base current versus junction temp. 

Is 

(µAl~-+-+--+-+---1-+-+--+-+---1f----+-+---+-t 

Ic=25mA 

102,l-R!~~~l~,1~)=iiF=I~ t 5t-+-1 

-H-1 

l"-! 

10~~& ~ 0.5---t-c := t y pica I values >-<-+-+--+--+-+-t--i 

VcE=10V 

so 100 Tj (°C I 150 

APPLICATION INFORMATION 

1000 

tr 
(MHz) 

100 

10 

-I"" 

II 
7Z09592 

:-.... 
.~ 

~ 

VcE =10V 
Tamb=25oc 

10 Ic CmA) 100 

Output stage of television video i. f. amplifier with the BF 199 transistor, followed 
by·a video detector circuit. 

15pF 6.8pF 100pF 

,t" 
I 

=§.I 
~· 

7Z62021 
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II 
APPLICATION INFORMATION (continued) 

Video detector output voltage at f = 38. 9 MHz 1) 

Ic = 7. 2 mA; VcE = 16. 6 v 

Transducer gain at f = 36. 4 MHz 

output power in load R L 
Gtr (in dB) = 10 log . . available power from source with Rs 

Ic = 7.2 mA; vcE = 16.6 v 

Tuning frequency for all tuned circuits is 37 MHz 

11-

> 
typ. 

BF199 

6 
7. 7 

v 
v 

Gtr typ. 25.5 dB 

l) The output voltage V 0 is difined as the voltage across the 2. 7 kQ detector load 
RL for 303 synchronisation pulse compression. 

Et 1 
ulse sync. p 

com pre ssion 
(°lo) 

100 

50 

June 1971 

N 

II 

7Z09591 

IE :7.2mA 
VcE = 16.6V 
f :38.9MHz 
Tamb=25°C 
see circuit on 
page 6 

t-.1 

~ 

f"l 
~ 

:xi 

5 Vo (V) 10 

"t disto 
(O/o) 

100 

50 

J_ 

c-. ,n1 rt1or 

N 
l'I 

7Z09590 

. IE :7.2mA 
VcE :16.6V 
f:38.9MHz 
Tamb=25oc 
see circuit on 
page 6 

~ 

~ 
'\ 

5 Vo (V) 10 
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SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF200 is primarily intended for application in a forward gain controlled preamplifier in v.h.f. 
television tuners and f.m. tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 
Junction temperature 

Transition frequency 
-IE= 3 mA; VcB = 10 V 

Maximum unilateral power gain 
-IE= 3 mA; VcB = 10 V; f = 50 MHz 
-IE= 3 mA; VcB = 10 V; f = 200 MHz 

Noise figure at optimum source admittance 
-IE= 2 mA; VcB = 10 V; f = 100 MHz 
-IE= 3 mA; VcB = 10 V; f = 200 MHz 

MECHANICAL DATA 

Fig. 1 TO· 72. 

VcBo 

VcEO 

le 

Ptot 

Tj 

fT 

GuM 
GuM 

F 
F 

4· [ Ill==== 

max. 30 v 
max, 20 v 
max. 20 mA 

max. 150 mW 

max. 175 oc 

typ. 650 MHz 

typ. 30 dB 
typ. 22 dB 

typ. 2 dB 
typ. 2,7 dB 

Dimensions in mm 

+o,51 
+max 

I._ 5,3 -.1- 12.,7min _I 
max nsss19 2 

-- 5,8 ..... max 

(1) =shield lead (connected to case). 

Accessories: 56246 (distance disc). 

October 1979 
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Bf 200 
11 11 

RATINGS (Limiting values) 1) 

Voltages 

Collecto:r:-base voltage (open emitter) VcBO max. 30 v 
Collector-emitter voltage (open base) VCEO max. 20 v 
Collector-emitter voltage (RBE S: l kS1) VCER max. 3Q v 
Emitter-base voltage (open collector) VEBO max. 3 v 

Currents 

Collector current (d .c.) Ic max. 20 mA 

Collector current (peak value) lcM max. 20 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Prat max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to+ 175 oc 

Junction temperature Tj max. 175 .oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0 c/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2 

11 11 
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---r Bf 200 

CHARACTERISTICS T arnb= 25 °e unless otherwise specified 

Base current 

-IE= 3 mA; VeB = 10 V Is 
typ. 100 µA 
< 200 µA 

-IE = 12 mA; Vea= 7V Is < 2.2 mA 

Emitter-base voltage 

-IE = 3 mA; Vea= 10 V -VEB typ. 0.75 v 
-IE = 12 mA; VeB = 7V -VEB < 1.0 v 

Transition frequency 

-IE = 3 mA; Vea= 10 V fy typ. 650 MHz 

Feedback capacitance at f = 10. 7 MHz 

Ie = 1 mA; VcE = 10 v Cre typ. 280 fF l) 

Noise figure at optimum source admittance 

-IE = 3 mA; Vea = 10 V; f = 50 MHz F typ. 1.9 dB 

f = 200 MHz F typ. 2.7 dB 

-IE= 2 mA; V CB = 10 V; f = 100 MHz F typ. 2.0 dB 

Maximum unilateralised power gain 2) 

G I Yfbl 2 
UM - 4 giMob 

-IE = 3 mA; VeB = 10 V; f = 50 MHz GuM typ. 30 dB 

f = 200 MHz GuM typ. 22 dB 

-IE= 2 mA; Vea = 10 V; f = 100 MHz GUM typ. 28 dB 

1) l fF = l femtofarad = 10-15 F. 

2) eommonbase configuration, metal envelope connected to earth directly, external 
lead length = 3 mm. 

June· 1968 

II II 
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BF200 

II II 
CHARACTERISTICS' (continued) T amb = 25 oc unless otherwise specified 

y parameters at f = 100 MHz (common emitter) 

le = 2 mA; VcE = 10 V 

Input conductance gie typ. 5 mn-1 

Input capacitance Cie typ. 16 pF 

Feedback admittance I Yre I typ. 0.16 mn-1 

Phase angle of feedback admittance <pre typ. 270° 

Transfer admittance I Yfe I typ. 56 mn-1 

Phase angle of transfer admittance cp fe typ. 340° 

Output conductance goe typ. 15 µn-1 

Output capacitance Coe typ. 0.9 pF 

y parameters at f = 50 MHz (common base) ,. 

-IE = 3 mA; VcB = 10 v 
Input conductance gib typ. 85 mn-1 

Input susceptance -bib typ. 15 mn-1 

Feedback admittance IYrb I typ. 55 µn-1 

Phase angle of feedback admittance cp rb typ. 270° 

Transfer admittance I Yfb I typ. 85 mn-1 

- Phase angle of transfer admittance typ. 165° - cp fb -- Output conductance gob typ., , 15 gn-1 

Output susceptance bob typ. 280 µn-1 

y parameters at f = 200 MHz (common base) 

-IE = 3 mA; VcB = 10 v 
Input conductance gib typ. 62 mn-1 

Input susceptance -bib typ. 38 mn-1 

Feedback admittance IYrbl typ. 180 µn-1 

Phase angle of feedback admittance cp rb typ. 270° 

Transfer admittance I Yfb I typ; 70 mn-1 

Phase angle of transfer admittance cp fb typ. 145° 

Output conductance gob typ. 150 µn-1 

·output susceptance bob typ. 1.1 mn-1 

4 
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II 
circles of constant noise figure 

85 
Cm.n.-1) 

50 

0 

-50 

~ 

~ 
~ 

~ IT 
i'-+-1 c;;l 

H 
r-H 

r-H 

""' 

7Z08253 

IE=3mA I-++ 

Vcs=1ov 
H-+-
I-++ 

f:50MHz I-++ 

Tj= 25°C H-+-
1--t-l-

~ 
f!_i-++ 
i.9d8t 

J2 J.- 2 dBf-
+-tr !- 2.5dBt: 

Fl 
""" 

3 dB~ 
lt- 3.5d8f-' 

4- dBf-

~ 4.5dBt: 
171 N 5 dBf-17' 

II 
BF200 

7Z08254 
85 H--+-+-++-+-l--1-H -Ip 2 to 3 m A 

(mJ1-1) Vcs =10V;:::;::::;::: 
50 f = 100MH;t++-

0 

H--H-+++++-+~Tj = 250C ~ 

~ i-+- ~ F=H--1-
b.""' 2~ ~ P<I l-

b K 'rl 2.5d8f-
JS ~ ~ ,_.., 3 dB:= 

r-- 3.5 dBl::::l 
4 dBi:1 

~l:ITf:Ef:tzJLJtt1tltf+-fil'.14·5 dBf--1 
~ ll: 5 dBf-J 

0 50 Gs Cm.n.-1) 100 0 50 Gs (mJ1-1) 100 

7Z08255 

0 50 Gs (m.n.-1) 100 
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Bf 200 

II II 
7Z07931 6 typical noise figure at optimum source admittance 

F 

(dB) 

2 

050 

Ys optimum at: 
50MHz: (7-j1)m.!ll1 

100MHz: (B-j2)m.n;1 

200MHz: (11- j3)m.n,-1 · 

10 

I 

· 70 91b_ m .0..-1) 90 

t-t-~+-+--~200MHzt-t--t-i--1-t-1-H 
40 I 

± J: 
-bjb 1-1-1r-H~typical values l-H-t

(m.n.-1) 1-t-1r-H~ V CB = 10 V = 
1-1-ir-H~Tamb = z5oc f---t-t-t--< 

1-1-1r-H~lead 1ength=3~ 
60._._.._._...._.~~~~~~~-'--' 

6 

± 
I 

-lE=3mA 
vcB= 10v 
Tumb.=25°C 

-z--
100 f (MHz) 1000 

l 

l-l}-!=l":+H-100 MHz -+-+--+-+-+-+--+-<-+--< 
500Ht-l+-t-'f!--t-H-t-t-+-+-t-++-H-t-~ 

JLI 

1 IL l 
~50MHz 
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BF200 

7Z07936 90° 

ljlfb 

10oo ....... u...w.J.-U-U...U..J...L.J...U..U..u.J...LI...L..l...u...J..LI...L..IU...W.~=--'-u...u...u.J...U..U...u...J..LI...L..1..u..J.J.-U-U...W.J.-U-U...U....L..o 

100 75 50 25 0 25 50 75 100 

I Yf bl (rn.n.-1) 

7Z07937 IYrbl (µ.fl.-1) 

100 50 0 50 100 150 200 3600 ---q> rb --

270° 
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BF200 

II II 
7Z07919 

Maximum allowable collector-emitter voltage (with resistance r-+++---t---t---+--+-+--t-t-H 
between base and emitter and le = 2 mA) versus the base >--+...._,_ ___ ,__,_-+--+-+--+-+-+-< 
resistance apphed. 

1 1 
~:~c:asr::;~::~s apply to l5j3 and~ when external capac- r-+++---t---t---+--+-+--t-t-H 

10 

00.1 10 R9 (k.!1) 100 

11 
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BF240 
BF241 

H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 

N·P·N transistors in a plastic envelope, recommended for a.m. mixers and i.f. amplifiers in a.m./f.m. 
receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 oc 

Junction temperature 

Base current 
le= 1 mA; VeE = 10 V 

Transition frequency 
le= 1 mA; VeE = 10 V 

Feedback capacitance at f = 1 MHz 
le= 1mA;VcE=10V 

Noise figure 
le= 1 mA; VeE = 10 V 
Rs = 200 n.; f = 0,2 MHz 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'~ 
7278181 2 

Vcso 

VeEO 

le 

Ptot 

Tj 

Is 

tr 

-ere 

F 

max. 40 v 
max. 40 v 
max.· 25 mA 

max. 250 mW 

max. 125 oe 

BF240 BF241 

4,5-15 8-28 µA 

typ. 380 350 MHz 

< 0,34 pF 

< 3,5 dB 

Dimensions in mm 

I....., S,2max -.-----12,7min ----1 

I o~ i::::c:::i::= i. =============::: : ~: - 0,67 
max , _ F 7270994.1 

diameter within 2,Smax I I 
is uncontrolled _.. -+-

October 1982 
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BF240 
BF241 II 

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

Voltages 

Collector-base voltage (open emitter) 

Collector -emitter voltage (open base) 

Emitter-base voltage (open collector) 

Current 

Collector current (d. c.) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Collector cut -off current 

IE = O; VcB = 20 V 

Base -emitter voltage 

Ic = 1 mA; VcE =IO V, 

Base current 

Ic = 1 mA; VcE = IO V 

Transition frequency at f = IOO MHz 

Ic = 1 mA; v CE = IO v 

Feedback capacitance at f = 1 MHz 

Ic = 1 mA; VcE = IO V 
' 

Noise figure 

Ic = 1 mA; VcE = 10 V 

Rs = 200 Q; f = o. 2 MHz 

2 

II 

Tstg 

Tj 

Rth j-a 

max. 

max. 

max. 

max. 

max. 

. 40 v 
40 v 
4 v 

25 mA 

250 mW 

-55 to+l25 °c 

max. 125 oc 

0,4 9c/mW 

Ti = 25 °c unless otherwise specified 

IcBO 

F 

< 

typ. 

typ. 

typ. 
< 

typ. 
< 

IOO nA 

700 mV 
650 to 740 mV 

BF240 BF241 

4,5-15 8-28 µA 

380 350 MHz 

0, 27 0, 27 pF 
0, 34 0, 34 pF 

1,5 2,0 dB 
3, 5 3, 5 dB 

November 1972 



BF240 
BF241 

CHARACTERISTICS (continued) Tj = 25 °c unless otherwise specified 

y parameters (common emitter) Lead length= 3 mm 

le = 1 mA; VcE = 10 V 

BF240 BF241 

0,45 10, 7 0,45 10, 7 MHz 

Input conductance gie typ. 0, 2 0,3 0, 4 0,5 mA/V 

l11put capacitance Cie typ. 17 14 23 19 pF 

Transfer admittance !Yfel typ. 37 37 37 37 mA/V 

Phase angle of transfer admittance <Pie typ. oo oo 00 00 

Output conductance goe < 8,3 10, 5 8,3 10, 5 µA/V 

Output capacitance Coe typ. pF 

Feedback admittance IYrel typ. 0,75 18 0, 75 18 µA/V 

Phase angle of feedback admittance <Pre typ. 270° 270° 270° 270° 

le= 4 mA; VcE = 10 V; f = 35 MHz (BF240, BF241) 

Input conductance gie typ. 4 mA/V 

Input capacitance Cie typ. 25 pF 

Transfer admittance !Ytel typ. 125 mA/V 

Output conductance goe typ. 62 µA/V 

Output capacitance Coe typ. 1 pF 

Deceillber 197 5 I 11 
3 



BF240 
BF241 

6 

F 
(dB) 

4 

~ 
~ 

('_... 
...... 

~ 

r_.... 
l'o.. 

~__.., 
...... 

~ 

~ !'..... 
2 

0 

10-2 

4 

" -+-.. 

600 

fT 

(MHz) 

400 

200 

0 

h~ 

0 

-
!"I 

""' 

10-l 

II 

11 

7267062 
J_J_J_J_J_l 
_l__l__l_JJ_L 

VcE=lOV 1--H 
f= lOOMHz 1--H 

1--H 
typ. values 1--H 

""' 
~ BF240 

BF241 
~ 

~ 
~ 
l'l...i 

~ 

I~ 

~ 

10 le (mA) 20 

7%17010 

I I :IliT 
VcE = lOV 
Ic=lmA 

---Rs=60Q 
Rs=200Q 
typ. values 

~-
_, ... 

1--1--i-R i--- -
BF12,J) F'i 

i--

BF241 

BF2.Ji 

10 f (MHz) 

November 1972 



BF324 

H.F. SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a plastic envelope especially intended for r.f. stages in f.m. front-ends in common 
base configuration. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 45 °c 

Junction temperature 

Base current 
-le= 4 mA;-VcE = 10 V 

Transition frequency 
-le =4 mA; -VcE = 10 V 

Noise figure at f = 100 MHz 
-le= 2 mA; -VcE = 10 V; Gs= 16,7 mA/V 

Feedback capacitance at f = 1 MHz 
Vrn=O;-VcB=10V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 
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'~ 
7Z67146 

. 0,67 
max 
~ 

diameter within 2,5 max / 
is uncontrolled .... 

-VcBO 

-VcEO 

-le 

Ptot 

Tj 

--IB 

fr 

F 

Crb 

max. 30 v 
max. 30 v 
max. 25 mA 

max. 250 mW 

max. 150 oc 

typ. 80 µA 
> 160 µA 

typ. 450 MHz 

typ. 3 dB 

typ. 0,1 pF 

Dimensions in mm 

• 0,40 
t min 

October 1982 
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BF324 

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

Voltages 

Collector -base voltage (open emitter) -Vcso max. 30 v 
Collector-emitter voltage (open base) -VcEO max. 30 v 
Emitter -base voltage (open collector) -VEBO max. 4 v 

Current 

Collector current (d. c. ) -re max. 25 mA 

Power dissipation 

Total power dissipation up to T amb = 45 °c Ptot max. 250 mW 

Temperatures 

Storage temperature Tstg -55 to +150 oc 

Junction temperature Tj max. 150 .oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,42 °C/mW 

------

2 

II . January 1' 



II II 
BF324 

CHARACTERISTICS Tj = 25 °c 

Collector cut-off current 

IE= 0;-VcB = 30 V -Icoo < 50 nA 
I 

Emitter cut-off current 

le = 0; -VEB = 4 V -IEBO < 10 µA 

Base current 

-le =4mA;-VcE = lOV -IB 
typ. 80 µA 
< 160 µA 

-Ic = 1 mA; -VcE = 10 v -IB typ. 22 µA 

Base-emitter voltage 

-le= 4 mA; -vcE = 10 v -VBE typ. 0,76 v 

Transition frequency at f = 100 MHz 

-Ic = 1mA;-VcE=10 v fT typ. 350 MHz 

-le= 4 mA;-vcE = 10 v fT typ. 450 MHz 

-le = 8 mA; -V CE = 10 V fr typ. 440 MHz 

Feedback capacitance at f = 1 MHz 

VEB=O;-VcB= lOV crb typ. 0,1 pF 

Noise factor at f = 100 MHz 

-le= 2 mA; -VcE = 10 V; -
Gs = 16, f mA/V F typ. 3 dB -----re = 5 mA; -VcE = 10 V; 

Gs = 6, 7 mA/V; -jBs = 5 mA/V F typ. 3,5 dB 

y-parameters (common base) at f = 100 MHz 

-re= 4 mA; -vcB = 10 v 

Input conductance gib typ. 125 mA/V 

Input capacitance -cib typ. 64 pF 

Transfer admittance IYfbl typ. 100 mA/V 

Phase angle of transfer admittance <Pfb typ. 147° 

Output conductance gob typ. 40 µA/V 

Output capacitance Cab typ. 1,25 pF 

Feedback admittance !Yrbl typ. 220 µA/V 

Phase angle of feedback admittance -cprb typ. 850 

January 1975 
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BF324 

II 

6 

F 
(dB) 

4 

typical values 
-VcE = 10V 
Gs =16,7 mA/V 
---Ic=1mA 
----Ic=4mA 

' 

1000 

750 

500 

~ 
IZ 

7 
L 250 

0 
0 

~ 

2 

0 
10-3 

4 

10-2 

II 

II 
7Z670641 

-VCE = 10 V t---1 
f = 100 MHz H 

typ 

N 
'b.. 

is: 
I' 
~ 

5 10 15 
-IclmA) 

7Z67061 2 

_]__ 
_j_ 

it 
IZ v 

10 102 f !MHz) 103 

January 1976 



200 

91b 
(mA/V) 

100 

--·---

II 

!"\: 
K 
\C;b 

~ 
I\ 
\ 

,I 

~ v' 
v 

17 
11 ~ 

v ~ I 
rT 

7Z72155 

typ. values 
-Vcs = 10V 
f=100MHz 

/ 9;b 

\ 
\ 

0 

c,b 
(pF) 

so 

-100 0 
0 2,5 5 IE (mA) 7,5 

7Z72156 

typ. values 
-Vcs = 10V 

2 f = 100 MHz 

9ob Cob 

· ( µ A I V) 1--+-+-+--+-+-.L.......L-1---1--1--1...-1--1.-+--1 ( p F) 

501--+-l--l--1---1-1-1--1--l--1-1-!-i-+~ 

1--+-+-+--+-+-1--+-+-b ..... g 0 b-l--J-.-1..--1 

:l7v 
17 

17' 
17 

I 
7 

QL......J-'--'--'-.._L......J.---'--'-...1.-.1........1-1..-J.......JO 
0 2,5 5 IE (mA) 7,5 

January 1975 II 
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BF324 

7Z72159 

typ. values 

200 
-Vcs =10V 

200 f = 100 MHz 

I Y f b I 1--+--1--1-.+-1--+-+--+--1--1--1--1--1---1--1 4> f b 
(mA/V) (o) 

~ lj)fb -+--+--l--l-+-1--1--.L......J.--l--I 

100 1--+-+-+-+-+r-..-l'" ..... p<.=>l'F-~-+-+--!-i-+-+-1150 
7 

17 

0 ......... _.__.__..__._...__.__,__.__._....__._.___._.100 
0 2,5 5 IE (mA) 7,5 

7Z72160 

typ. values 
1--+--1--1-.+-1--+-+--+--l--I -Ve B = 10 V 

400 f = 100 MHz 0 

I yr b I J-.-1..--1--1--+---1--1--+---1--1--+---1-.J.....-1.--l-l 

(µA/V) 

3 QO ......... _.__.__.__._,__.__,__.__._....__._...__.__. - lj) r b 

(0) 

];7 
200L......J--+--+--1--'--17~--'--'--'-.._._..._._.50 

.17 
l7 

17 

l--+--l--1-+-+-l-+-l-~j-o..--+'-_4'rbl---+-4 

0 L-1---l......L....1-J.-L.......L---L..--'-...L-.L.......l---L..._...._, 100 
O 2,5 5 IE (mA) 7,5 

II 5 

--



BF324 II 
1Z72154 

typ. values 
1--1--J---1-.j....._11--1---1-...J.--~ -Vee = 10 V 

20 rJ f =100MHz 40 

l--l_.J..-1-...J.--.l-ll--l--l....t1--1--L.....J._.J..~ C;e 

l-l--+-+-iµ..-+-~Z,..Fl-J.--+-+-iµ..-1 I pFJ ,....,.. 

I 9ie 171 7 
( m A I V) l--+-+--1 C;ej.~--11/-A---1--1--L.....1.--J---1-4---1 30 

7 

7 
rT 

l--l--+J-l--+-+--o~-l--1--1-4--+--+-4-110 

7 

OL-J--'--'--'-.._ ......... __.__._...._ .................. _,__,o 
O 2,5 5 le (mA) 7,5 

7Z"12157 

typ. values 

100 
-Vee =10V 
f =100MHz 2 

1Z72158 . 

typ. values 
1--1-4---1--1--1--1--+-...I-~ -Vee = 10 V 

200 f = 100 MHz 0 

17 
lZ 

0L.....JL.....L-1-....L...-l--L.....L---L......L...-1--.l.......I-'---'-~ 100 
0 2,5 5 le (mAI 7,5 

7Z72t61 

typ. values 

20 0 l--l--+-+--+-+-+-4---1--1--1 
-Vee =10V 

(). f =100 MHz 

9oe 
(µA/V) 

c.. I Y,.1 l--l~-1--1--1-4--+--+-+-4--l--l~-l---l -lj>,. 
(pF) (µA/V) (•) 

-I-
~ j.... 

50 

v y 
v 

17 
17 

I 
I/ 

2,5 

6 II 

c •• 

9oe 

0 
5 le (mA) 7,5 

I y 1-+-+-
L re 

100 l--l--+-+--+-+--41/-+..""'.k'--+-+--1--1--1-4---1 50 

_y 
1 ...... 

lZ 

OL......1---L......L..._._ .................. _.__._.._.__.__._ ............ 100 
o 2,5 5 le (mA) 7,5 

II January. 1975 



------r ___ s_F_3_7o __ _ 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant envelope, intended for use in large-signal handling i.f. pre
amplifiers of TV receivers in combination with surface acoustic wave filters. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain 
IC = 1 0 mA; V CE = 1 V 

Transition frequency at f = 100 MHz 
lc=40mA;VcE=10V 

Voltage gain at f = 36 MHz (see Fig. 4) 
le= 20 mA; VcE ""10,4 V 

Interference voltage for K = 1 % (see Fig. 4) 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'~ 
7Zf;7145 

Vcso 

Vern 

le 

Ptot 

Tj 

hFE 

fT 

Gv 

V(int)rms 

I..,._ S,2max ...,.,__ ____ 12,7min 

- 0,67 
max 

JI 

diameter within 2,Smax I I 
is uncontrolled -+- --

max. 40 v 
max. 15 v 
max. 100 mA 

max. 500 mW 

max. 150 oc 

> 40 

> 490 MHz 

typ. 24 dB 

typ. 120 mV 

Dimensions in mm 

+ 0,40 
t min 

t 0,49 
t max 

- ----- ------
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BF370 J 
RATINGS 

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

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base)· 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

500 

ptot 
(mW) 

250 

\ 
~ 

r-.._ 

-\_ 

VcBo 

VcEO 

VEBO 

le 

Ptot 

Tstg 

Tj 

Rthj-a 

7Z84678 

~ 

~ 
JS 

~ 
I\ 

I\: 
'!\. 

' T\ 

0 _..l \ 

A"'"~ 19821 

0 50 100 150 
Tamb (°C) 

Fig. 2 Power dissipation derating curve as a function 
of ambient temperature. 

max. 40 v 
max. 15 v 
max. 4,5 v 
max. 100 mA 

max. 500 mW 

-55to+150 oc 

max. 150 oc 

250 K/W 



Silicon planar epitaxial transistor 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
le= o;vc8 =20 v 

IE = O; V CB = 20 V; rj = 125 oc 

Emitter cut-off current 
le= o; Ves = 2 v 

D.C. current gain 
le= 10mA;Vce= 1 v 

Transition frequency at f = 100 MHz 
le= 10mA;Vce= 1ov 

le= 40 mA; Vee= 10V 

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

Emitter capacitance at f = 1 MHz 
le= le= O; Ves = 1 v 

Feedback capacitance aH = 1 MHz 
I c = O; V CE = 10 V 

1500 

fr 
(MHz) 

1000 

500 

0 
0 

~ 
.LI 

..l! 

L 

25 

typ 

50 

Fig. 3 Vee= 10 V; Tj = 25 oc. 

l- - ----- --- ---

BF370 

lcso < 400 nA 

lcso < 30 µA 

leso < 100 nA 

hFE > 40 

fr > 500 MHz 

fr > 490 MHz 

typ. 2,2 pF 
Cc < 3,5 pF 

Ce < 4,5 pF 

typ. 1,6 pF 
Cre < 2,2 pF 

7Z88007 

1-i... 

75 lc(mAl 100 

3 
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BF370 J 
APPLICATION INFORMATION 

10nF r 

(1) Test instrument load. 

+Vee 

S.A.W.F. 

7284677 

15 pF 

Fig. 4 Large-signal handling i.f. preamplifier for surface acoustic wave filter. 

Performance 

Supply voltage Vee 12 v 
Collector current le 20 mA 

Measuring frequency fi 36 MHz 

Input impedance zi typ. 50Q//1 pF 

Output impedance Zo < 100 n 
Voltage gain Vo 

Gv (in dB)= 20 log V: Gv typ. 24 dB 
I 

Interference voltage for K = 1 % * V(int)rms typ. 120 mV 

* Input terminal voltage at 50 n internal resistance of signal generator, interference frequency 40 MHz, 
80% modulated with 1 kHz. 

A"'"" 19821 



BF422 

SILICON EPITAXIAL TRANSISTOR 

N-P-N transistor in plastic T0-92 variant intended for class-B video output stages in colour television 
receivers. P-N-P complement is BF423. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

D.e. current gain at Tj = 25 °e 
le= 25 mA; VeE = 20 V 

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

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

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

'~ 
7Z70181A . 3 

Veso 

Vern 

leM 

Ptot 

Tj 

hFE 

fT 

ere 

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

max. 830 mW 

max. 150 oe 

> 50 

> 60 MHz 

< 1,6 pF 

Dimensions in mm 

• 0,40 
t min 

1.- S,2max --1---- 12,7min ----

+ 0,49 
t max 

0,67 
max 

" I 0 I=::::±=~ I =====1'10994.1 

diameter within 2,5 max I 
is uncontrolled .-

October 1982 
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BF422 

RATINGS 

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

rota I power dissipation up to T amb = 25 °c * 

Storage temperature 

Junction temperature 

I HERMAL RESISTANCE 

'=rum junction to ambient * 

Vern 
VE'BO 

le 

lcM 

Ptot 

Tstg 

Tj 

Rth j-a 

max. 250 v 
max. 250 v 
max. 5 v 
max. 50 mA 

max. 100 mA 

max. 830 mW 

-65 to+ 150 oc 

max. 150 oc 

150 K/W 

' Transistor mounted on a printed-circuit board, mounting pad for collector lead minimum 10 mm x 
10 mm; maximum lead length 4 mm. 

Ur:tober 1979 



Silicon epitaxial transistor l ____ B-F4_2_2 __ _ 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified. 

Collector cut-off currents 
IE=O;Vcg=200V lcso < 10 nA 
RsE = 10 kn; VcE = 200 V; Tj = 150 oc lcER < 10 µA 

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

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

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

Transition frequency 
-IE=10mA;Vcg=10V f,- > 60 MHz 

Feedback capacitance at f = 1 MHz 
IE= O; VcB = 30 V Cre < 1,6 pF 

Feedback time constant at f = 10,7 MHz 
-IE= 30 mA; VcB = 20 v rbb'cb'c < 70 ps** 

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

** rbb'Cb'c = lhrb I 
w 

October 1977 3 



-BF-422 Jl __ _ 
200r--.--.--.--,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-,...-.........,7Z~7~7~42~8 

le 
( mA) t----t--+-+---+--+ I ~ = ~ O 1ml -+--+--+-+--+--t----t-+--+---+--+--+--+--+--+-+--1-----<-+--+--1 

IE ..£i 25mA 150t--t--t--t-t--1>''-T-l2'-11"--t--r-TJ....-"-1-l-""7120mA+--+--t----t--t--t--t--t--+--t--+--+-+--t----t--l 

v ..;..-- 1-i15mA 

v 
50t--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--t--i 

o.__,__,__,__,__.__,__,__,__,__.__,__,__,__,__,__,__,__,__,__,__,__,__,__,__,__,__,__,__~ 

-10 0 10 20 30 40 VcE (V) 50 

Fig. 2 Typical values at Tj = 25 oc. 

103~~~~~~~~$!~~~~$!~~~~$!~~~~!!~~~~7!z!77B4!03s 
Z th j -a t----+--+-+-+-H+t+---+--+-+-+-H-H+--+---+-+-+-H-H+--+--+-+-+-H-H+--+--+-+-+-+++<+--+-+-+-+-H+H 

(°C/W)t---+---H1-tt+ttt--+-+-t~1+1+-+--1-t-H+ftt---l--++++++t+--+-+-++H+tt---1--H-++1+H 

t--t--1 8 = 1 +++--,_,1-+-++++++--+--1-+-++++++--+--1-+-++++++--+--1-+-++++++--+---1-+-++++H 

1021:::::::::±:::J d,~I 

I--+- 0,2 

r==t- 0, 1 

10~~ 
~ g:g ~ tt+---t--t-++t+ttt--+-+++t+ttt--+-+-+++tt+t--+--t-t-i-t++HC--f-+-1-++t+H 
~001 H+--+--H-++tttt--+--H-++tttt--+-H-++tttt--+-H-+++ttt--+-H-++++H 
t---+- o' 

1----1-+-t--++1-++l--t-t-H-H+H--+--l-+-H+H+---+-+-H++++l----l SUl_ 
l---+---1-H-l-+H+--+--+-+-+-H+t+--+--+-H-lH+t+--+--+-H-lH+t+---l -1 t p 1- I 8 = t p 

-T- T 10-l.___.__._........, ........... ,___.__._ ..................... .___.__._......._. ........... ..___,__._......._. ........... ..___,_ _______ __. 
10-5 

t p (s) 10 

Fig. 3 Thermal impedance from junction to ambient versus pulse duration. 
Maximum lead length 3 mm; mounting pad for collector lead minimum 10 mm x 10 mm. 
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Silicon epitaxial transistor 

7Z77423 

2001-t--+-t--+-+-1--+-t--+-+-ll-t-t--+-i 

le 
(mAI 1-t--+-t--+-+-1-+-t--+-+-11-t-t--+-i 

1501-t--+-t--+-+-1--+-l--b-+-ll-t-t--+-i 

1001-+-+-+-+-t--t--1'-Hr±+-1'-+-+-+-+~ 
1 

I/ 
501-t--t-+-+----t-1~!Z-<t-t-t--t-+-t-----t--t-i 

N 
0L-'--'-[7'---'-J7-J...-JL-'--J...-J'-L--'-L-'--'-' 
0,5 0,75 1,0 1,25 

VBE IV) 

Fig. 4 Veg= 20 V; Tj = 25 oe. 

7Z77424 

1,0 l-l-+-+--+-+-l--+-t--+-+-11-t-t--+-i 

VsE 1-+--+--t--+-+-+--+--+--+-+-<--+--t----+--1 

(V) 

o .7 5 1--+-+--<N-+---+--+-+-1-t-l---+-+-+--1----< 

N typ 

0' 5 t-+-+--t--+-+-+--+--t--t-+-+-+---+----+--l 

0' 2 5 l-l-t--t-+-l-l--+-+--+--1-1--+-t--+--l 

---- --+--+--+-+-i-+---+--+-+-1-t-+-_,____, 

o~--+-_._...._..._.--+-_._....__..__._.__.__-'-' 

0 50 100 T· (oe) 150 
J 

Fig. 6 le= 25 mA; VcE = 20 V. 

[ ____ B-F4_2_2 __ _ 

fT 

(MHz),_____,~l---1--++-l-W-'--~'--+-+-'-'--'-'-l-l 

1001-----l~l--+-++++++-~l--+-+--H-++H 

typ 

v \ 
501-----l~l--+-++++++---'1--+-+--H-++H 

o~~~--+-..........__...........__~.__._.__._............, 

1 10 le lmAI 

Fig. 5 VcE = 10 V; Tj = 25 oc. 

10 3EE33~EE~~Ef~EE~37z~7§74El26 
I CB 0 1--+-+--J-1--1-+-+-1-t-++--+-1---+14-+-t-+-H 

In A) 

71 71 

rz: 

10-l._.._....__,._._.._._._L-.L....J......1.-+-L-.L.....L.-J.-'-J......J.....J 

0 50 100 150 200 

Fig. 7 vc8 = 200 v. 
TJ 1°e1 

~( Oc>obec 1977 
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___ B_F_4_2_2 __ J 

150t--~-+~-+--+--+-++-+++-~--+-'--+---+-+--+--i~-t-~~-l----+--+-+-+--i-+-+-l 

typ 

501--~-+-----!----!---+-+-l-+++-~-+-~l--~LS._+-l-HH-+~~+---+---+--+-l--+-+-H 

['... 
N 

o~~--~_..__.__.._ ................... ..._~__...__.__.__.__._......._......._~~..__.____._.._._........_ ..... 
i 

6 October 1979 

10 

Fig. 8 VeE = 20 V; Tj = 25 oe .. 

7277422. 1 

4 t-+--+--+-+-t-t--+-+--+-+-1-+-t--+-t 

ere 

(pF)t-+--+-+--t-+-11-t-t--+-+-t-t--+--t-i 

3 ...--<--+--+-+--+-+--+--+-+--<-+-+--+--I 

21-+~-H--P+-+-1-+-+--+-+-+--+-+--+-1 \ . 1' 
max 

l""h. 
~ typ 

0 ~_.__..__.._...._._.__.__._...___._.__.__.__. 
0 10 20 Vea (Vl 30 

le (mA) 



SILICON EPITAXIAL TRANSISTOR 

P-N-P transistor in plastic T0-92 variant intended for class-B video output stages in colour television 
receivers. N-P-N complement is BF422. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

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

Transition frequency 
IE= 10mA;-VcB=10 v 

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

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

2 

'~ 
?Z78\S2A 

-VcBO 

-VcEO 

-lcM 

Ptot 

Tj 

hFE 

fT 

Cre 

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

max. 830 mW 

max. 150 oc 

> 50 

> 60 'MHz 

< 1,6 pF 

Dimensions in mm 

• 0,40 
t min 

I.- 5,2max --1---- 12,7min ----

1 
o l::::::c::t=~ I, =======i ~ ~~; 0,67 

max 

" . F 7270994.1 

diameter within 2,5 max I I 
is uncontrolled _,.. ..,__ 

( Oo<obod 982 
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BF423 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) 

Total power dissipation up to T amb = 25 °c * 
Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient * 

-Vern 
-VEBO 

-le 

-lcM 

Ptot 

Tstg 

Tj 

Rth j-a 

max. 250 v 
max. 250 v 
max. 5 v 
max. 50 mA 

max. 100 mA 

max. 830 mW 

-65 to+ 150 oc 

max. 150 oc 

150 K/W 

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

October 1979 



Silicon epitaxial transistor 
r---BF423m -

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off currents 
IE = 0; V CB = 200 V -lcso < 10 nA 
RsE = 10 kil; -VcE = 200 V; Tj = 150 °c -lcrn < 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* 
-le= 25 mA; Ti= 150 oc -VcEI< typ. 20 v 

Transition frequency 
IE= 10 mA; -Vcs = 10 V fy > 60 MHz 

Feedback capacitance at f = 1 MHz 
IE=O;-Vcs=30V Cre < 1,6 pF 

Feedback time constant at f = 10,7 MHz 
IE= 30mA; -Vcs =20 v rbb'Cb'c < 70 ps** 

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

lh bl ** rbb'Cb'c = _r_, 
w 

( o"'b" 1911 

----
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-BF4-23 Jl_· --

-------

2oo~-------------~---~~~~~~--~1~z~11•4=;3s 

-le 1--L-JL-.I---'---'----'--'---'---"--'-_._--'---'-_,__,__,__,__,__-+-..__,__.__.__.__,__._,__,__,__. 

(mAl1--L..-J1--1--1--1.--1---1---1---1----1---l---1---1-_,_-+--1--1--1--1--1---1--1--L-.1--1.--1---1---1---1--1 

.J--" J....-1- ~ 10mA 

0'--'--1--1--1--l--l-----1.--1---l--L.-1......J....--1---1--'--'--'--1--1-.L-.L-l--L-.IC-l---1----1.--1---1----' 

0 20 30 -10 10 

Fig. 2 Typical values at Tj = 25 oc. 
40 VcE (V) 50 

103~~~~11l~~~~mf~~EEEE!HE~E3~IH~~~i!Em~~337z~7~74~3~s 
Z th j ·a 1----l-..+-<l-l-l-U-ll--+-+-1--++l~-~--l-~~--1--1--1-++++»--1--+-+-H~l---+-+-1-++H-H 
(°C/W) 

l---l-5=11-U--~--+-i~~--+--1--1-1-~~--l--+-+-H~l---+-++++l+H-~-!-1-+-+++1-H 

1---l--+-<1-1-1~~~-++++++++---I _Jl_fl_ 
l-----l---l-1-1-1-U-ll-_,_++~l+H---1--l-+--l-++~--1--1--1-++++H---t -1 t p ,_ I 5 = t p 

-T- T 
10- 1 L-...J.......L...1....U..U..U.--'-................. .J.J.L.._,__.-'-'U...U"'-----'-'--'-'-.......... ...__.... _______ __. 

10-5 10-4 10-3 10- 2 10- 1 tp (s) 10 

Fig. 3 Thermal impedance from junction to ambient versus pulse duration. 
Maximum lead length 3 mm; mounting-pad for.collector lead minimum 10 mm x' 10 mm. 
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Silicon epitaxial transistor 

7Z77430 

200 

-le 
(mA) 

150 
1-+--+---+---~1-+--+tYP i-, max VB E 1-1 

1001-+---1--l---l-+-ll-+--l-47J-+--l---l-+-l---I 

11 
I/ 1 

501--1---1--+-1--1--~1-4~~/+-1---1---+--1--1---1---1 
Ll2 

O'---'--'-~V~V_._.J......J..-'-.J......J..-'-.J......J..-'---' 
0,5 0,75 1,0 1,25 

-VBE (V) 

Fig. 4 -VeE = 20 V; Tj = 25 oe. 

1,0 

-VBE 
(V) 

0,75 

0,5 

0,25 

0 
0 

\ 
~ 

N typ 

50 

7Z77432 

t-+-

100T-(oe)150 
J 

Fig. 6 -le= 25 mA; -VeE = 20 V. 

l ___ B_F-42_3 __ _ 

150 
7Z77431 

fT 
(MHz) 

100 

~p 

I/ vF1 :s 
[:::71 

50 

0 
1 10 -le (mA) 

Fig. 5 -VeE = 10 V; Tj = 25 oe. 

103 7Z77429 

- 1eso 
( nA) t-t--t-t-+-l-++-+-+-1H-++J7+-l-\---I-+-~ 

max /I I/ 
102~~~~~~it~~~~~ 

10- 1 L....l.-l...JL-L.L..l.....L..L-L..W.....L..L...L....L.l....L..L..L.J 

0 50 100 150 200 

Fig. 7 ve8 = 200 v. 
Tj (oe) 
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-BF423 Jl ____ _ 
200 

150 

100 

c::::::= 

50 

0 
1 

----

6 

~ I--

4 

ere 

(pF) 

3 

2 

0 
0 

7Z77434 

,. 

~ 
I\ 

~ 
~ 

1' 

10 -le (m~I 

Fig. 8 -VeE = 20 V; Tj = 25 oe. 

7Z77433. 1 

rr 
fT 
~ 

~ I\ 
' K 
r\ K 

I\ " "'Ii 'f': 
I"'\ !"" "' )... '""!.._ max 

,...__ i'"'"f' 
...... 

't-... typ 
T""' t-

10 20 Vea (VI 30 
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BF450 
BF451 

H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in a plastic envelope intended for h.f. and i.f. applications in radio receivers, especially 
for mixer stages in a.m. receivers and i.f. stages in a.m./f.m. receivers with negative earth. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 45 °c 

Junction temperature 

Base current 
-le= 1mA;-VcE=10V 

Transition frequency 
-le= 1 mA; -VcE = 10 V 

Noise figure at f = 100 kHz 

BF450: 

BF451: 

-le= 1mA;-VcE=10V; R5=300.Q 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

·~ 
7275182 2 

0,67 
max 

JI 

I~ '5,2max --+-

diameter within 2,Smax I 
is uncontrolled -+-

-Vcso 

-Vern 

·-le 

Ptot 

Tj 

-Is 

-Is 

tr 

F 

12,7min 

max. 40 v 
max. 40 v 
max. 25 mA 

max. 250 mW 

max. 150 oc 

5 to 16 µA 

11to33 µA 

typ. 325 MHz 

typ. 2 dB 

Dimensions in mm 

t 040 
t min 

• 0,49 
t max 

7Z70994.1 

--

-



BF450 
· BF451 

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

Voltages 

Collector-base voltage (open emitter) -Vcso max. 40 v 
Collector-emitter voltage (open base) -VcEO max. 40 v 
Emitter-base voltage (open collector) -VEBO max. 4 v 

Current 

Collector current (d. c.) -Ic max. 25 mA 

Power dissipation 

Total po:-ver dissipation up to Tamb =45 °c ptot max. 250 mW 

Temperatures 

Storage tem~erature Tstg -55 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,42 °C/mW 

CHARACTERISTICS T· = 25 °c 
J 

Collector cut -off current 

IE=O; -Vcs=30V -Icso < 50 nA 

IE=O; -Vcs=40V -Icso < 10 µA 

- Emitter cut -off current. - le = O; -VEB = 4 V -IEBO < 10 µA 

Base current 

-le = 1 mA; -v CE = 10 v BF450: -Is < 5 to 16 µA 
BF451: -IB < 11 to 33 µA 

Base -emitter voltag:e 

-le= I mA; -VcE = 10 V -VBE typ. 700 mV 

'2 II 'l I 
'December 1975 



CHARACTERISTICS (continued) 

Transition frequency at f = 100 MHz 

-le = 1 mA; -v CE = 10 v 

Feedback capacitance at f = 1 MHz 

-le = 1 mA; -V CE = 10 V 

Noise figure at f = 100 kHz 

-Ic = 1 mA; -VcE = 10 V; Rs =300 Q 

y-parameters (common emitter) 

-Ic = 1 mA; -VcE = 10 V 

Input conductance 

Input capacitance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

Feedback admittance 

Phase angle of feedback admittance 

May 1974 II 

f 

gie 

Cie 

IYfel 

<fife 

goe 

Coe 

IYrel 

<fire 

fT 

Cre 

F 

BF450 

0,45 10, 7 

typ. 0,3 0,4 

typ. 20 13 

typ. 37 37 

typ. 00 oo 

typ. 8 10 

typ. 

typ. 24 

typ. 270° 270° 

I 

---~-- -- ----- - -- -~- -

BF450 
BF451 

T· = 25 °c J 

typ. 325 MHz 

typ. 0,35 pF 

typ. 2 dB 

BF451 

0,45 10, 7 MHz 

0, 7 0,8 mA/V 

30 20 pF 

37 37 mA/V 

00 oo 

8 10 µA/V 

pF 

24 µA/V 

2700 270° -------

II 3 
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BF450 
BF451 

6 

F 
(dB) 

4 

2 

~~ 

~ 

4 

:SI 

"""' " N 

7Z67063 

800 1-+--+--+-+-t--+--+-1 - V CE = 10 V l-
1-+--+--+-+-t--+--+-1 f = 100 MHz f-

fT typ. values H 
(MHz)1-+-+--+-+-1-+-+--+-r-r~-.--r-1-1 

600 1-+-ll'.".1-:b""N0:-+t-..-+-+-t-+-+-t-+-+-+-1 

/J I-· f'ol.... 
U , "' 1'. BF 45Q-+--+-1 

[ ~ 
400 i-...1--1--1-...+--1-1--BF 45 l~~l\..~-1-+-1 

\ ~ 

200 11-+--+--+-+-11-+-t--+-+-+--+--+-+-1!-i 

0 10 20 30 
-le (mA) 

7Z67059 1 

T H T 
-VcE=lOV 
-Ic=l mA 
typical values 

R5=60Q ·-'I 
-~ ---i 

300Q 

10 f (MHz) 

ll November 1972 



_--=_ __ J BF480 

SILICON PLANAR TRAN_SISTOR 

N-P-N transistor in a subminiature plastic T-package, primarily intended for application in r.f. stages 
of television tuners using p-i-n diode attenuators. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 60 oc 

Junction temperature 

Transition frequency, -IE= 10 mA; Vee= 10 V 

Noise figure at optimum source admittance 
-IE= 10 mA, Vee= 10 v, f =BOO MHz 

Cross-modulation (K = 1%) e.m.f. in 75 .n 

MECHANICAL DATA 

SOT-37 

t 
4,8 
max 

0,24 +-11-maK . 
- -1,0 

- 2,7 -max 

14,4 
min 

Vceo max 20 v 
VcEO max 15 v 
le max 20 mA 

Ptot max 200 mW 

Tj max 150 °c 

tr typ 2 GHz 

F typ 3,8 dB 

V(int)rms typ 330 mV 

Dimensions in mtn 

l+-2,1 max 

} O·,_____,b 

e 

... -1,osmax 
... ... 0,75 max 

7ZH301.1 

(April 1977 
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BF480 J 
RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Current 

Sollector current (d.c.) 

Collector current (peak value) 

'>ower dissipation 

Tntal power dissipation up to Tamb = 60 °c 

Vcso max 

Vern max 

VEBO max 

le max 

lcM max 

Ptot max 

20 v 
15 v 

2 v 

20 mA 

30 mA 

200 mW 

femperatures 

~lnrage temperature 

.Junction temperature 
Ts -65 to +150 oc 

THERMAL RESISTANCE 

F"om junction to ambient 
mounted on the printed-circuit board 
shown below, which is in free air 

Tj 

Rth j-a 

max 150 °c 

0,45 DC/mW 

Dimensions in mm 

35 
I 

I I I 
40 

j 27 

-.l3L j 
l~s 

Single-sided 35 µm Cu-clad epoxy fibre-glass printed-circuit board, thickness 1,5 mm. 
Tracks are fully tin-lead plated. Board in horizontal position for Rth measurement. 

Apcil 19771 



Silicon planar transistor BF480 
,-

CHARACTERISTICS Tamb = 25 °c unless otherwise specified 

Base current 

-IE=10mA;VcB=10V 

Emitter-base voltage 

-IE=10mA;VcB=10V 

Transition frequency at f = 500 MHz 

-IE=10mA;VcB=10V 

Noise figure at optimum source admittance (common base) 

-IE= 10 mA; VcB = 10 V; f = 800 MHz 

-IE= 10 mA: VcB = 10 V; f = 200 MHz 

Transducer gain (common base) 

-IE= 10 mA; \,(CB= 10 V; f = 900 MHz 

Gs= 20 mA/V; Bs = 0 

GQ= 2mA/V;BQ=tuned 

7Z66759 2 

v CB= 10 V; f = 500 MHz; Tj = 25 °c 

fT 
(GHz) 

2 

1,5 

0,5 
0 

measured with pulses, tp = 300 µs 

8.;;; 0,01 

t~p 
v " IT I'-_ 

lL 

1 
!L 

10 20 30 
-IE (mA) 

typ 350 µA 
< 750 µA 

-VEB typ 0,8 V 

fy typ 2 GHz 

F typ 3,8 dB 

F typ 2,9 dB 

(April 1977 
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BF480 l __ _ 
1-------1 typ. values l-l-l-l---'---f---1-+-H+++l---l--+-t-t-t-ttti 

-Vce=10Vl-l-l-l----l--l-+-H+++l---l--t--t-t-t-ttti 91b 1-------1 --- = 5 v 
-b;b 1------1 -le= 10 mA LL.W..---+--+---+---1-1-1-+++---l--+-l--+-+++-H 

(mA/ V) TQmb = 25 "c 91b ~ 1./5 V and 10 V 

~=-
~ f\. ..... ~ 

102 l:::==~==::±::::!::::!::::l::!::l:i!:====:::l:==:t==t==l=J:::;~f::====f=~-:x~::j::~~~ct:t±1 
~ ~ 

1---1---+-++-l-+-1--H---+--+ -b,, ~V:...i-w...1-1---1-+-+l\~+-++H 

10 i==::::i=::+=i::::+::+++++==+=+=++=H+f=t===F=t=Fi'::":f'0~'·3'33 103 
T I 

1------1 typ. values 1-1-++----l--l--1-+.-jH-+++---l--+-t-t-t-ttti 

-Vee = 10 V 1-1-++----l--+-+-+-iH-+++---l--+-t--+-t-ttti 
IYrbl 1------l --- = 5 V -ljlrb 

(mA/V) 1------l -IE= 10 mA (o) 

TQmb = 25 °C · 

IYrbl t:i--F 
10-1 L _ _.l_...L_L_L.L..1-1..1...L __ L___L_...1-IJ....J_,1_!..L-!~--.l..-...L-....L-...L-L...1..-'-':: 10 

1 10 102 f (MHz) 103 

.,,,, 19771 



Sil icon planar transistor BF480 

,__ _ _, typ. values I 

-Vcs = 10 v H-++--+-+-+-+-11-1-.J.-l-l----11--l-----l.V-A-JZ-'17Ll.LU 
9

0
b ,____ _ _, - -- = 5 V H-tt---+--t-H-+++++----J..---11-!-ll-l-..W-LI 

(µA/V) 1------l -IE= 10 mA 7L/1 Cob 
Tamb = 25 °C 1'-1_ (pF) 

'l_7 v 
/ ,· 

--JI"-~- - --102 ~==+==~~::±:±±±±:=::=:C::± t- Cob-'=-
77 

10~~-1.~...l-_J._....L..L-JJ...U.J_~_Jl-.....L...J.......L..LJ-1J..L~~L---1.--1--1._l_LLU10-1 
1 10 102 103 f (MHz) 

1-----' typ. values 
I Yfbl -Vc8 = 10 V H-t+--+-+--+-+-H++-l---1---+-W-l-..W--LJ 

( mA/V) 1-----' - - - = 5 V H-tt----t--+--+-+-l-+++-J---1---+--IW-l--l-l-LI 

--
\jlfb -IE= 10 mA 
(O) Tamb = 25 oC 

• ( Ap'H 197j 5 



-BF4-80 Jl __ _ 

-------
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Conditions for all four graphs: -IE = 10 mA; V CB = 10 V; T amb = 25 °c 

1• l1 l 

25 50 75 100 
Gs (mA/V) 

01-HH-IH-+-+-+-t-\l-+-+-+-1-1+-+-+-+-11-1--l 
1-HH-1-+--F~3. 3-l-llf-+-+-+-H+-+-f-+-++--1 

I\ 

-25t-tt~~~~~11...+-~+-+-+-1-+-L,,o--b"f-+-+-++IL-A-1-1--1 
L<"I 

IL 
-501-+++~~l.-f"id-+-+-l-t+++~~--7-r~+-1 

['-, 

25 50 75 100 
Gs (mA/V) 

April 19771 

75 .---~~~...,.....,,.........,.......,.....,....,.....,.. ....... 1z~1~20~1.,.....1.1 
f=200MHZ>-+--+-i--+-+-+~>-+-+-+--+-< 

(m!ivl r-T-+-H-+-++vi~pj-+-Ft-=+-6+d+B-H.__It-+-+; 
l-+-H-+-+-i:i~f-::::j,.+-f"'F"'l-+-"'-N::i5,51-+-

501-++-+~J21-¥~~P'l~!-'"1-H-+-+-++-+-P't-.d--+-I 
~ i-,.5 ~ 

25 11.l~ ~+-+-+T"l..._f-+-+-+'ll-t--1 
1--11W1'1'r.l'l<-vt'=F'H.:=~5 DJ~ 

~ 2 9t--+ft--lf-+-+--l--+-lt-+t-+-+--tt-i • .IL 

-251-..,\;~~i....4--++-+-"l'l....l"~+-+~L<"l-JLl!.L++-!--!.L~ 
J...-j 

-501-+-+-l~J"-~~l'.J~N;::;:..1-+-+=;~1-++-!-4-,~~· 
~ N 

~ I-" 
- 75 ttl:ttttJttltt!:t:J::l:!tttl 

0 25 50 75 100 
Gs (mA/V) 

75 7Z72069, 

f=BOOMHzf-+-+-+-+-+-+-~l+-+-+-+l-+-+ 
8s .....,.....,....,.....,....,....,....+-+-+-1f-+-+-++-+T~,; s';i8.., 

(mA/V) i-"'1 I N 

50 I".'.'.'.] 5,5~ 
N 

N 

l1I k"l JS.4 
01-ff~[l-++-1-1::+-+-+l-+-++-+-l-+-+-HfH-+-I 

[ IT • 3,8 -.1H--1t-+-++-+-1f-+-tt-t--+--1 

-251-+~~~~~Nlo-i-+++-l~VH-++~JL]~.IL'-+-+-l--I 
lS~ pJ2l 'I?'.] 

25 50 75 100 
Gs (mA/V) 



Silicon planar transistor 

APPLICATION INFORMATION 

1. U.H. F. stage with BF480 

PERFORMANCE at Tamb = 25 °C 

Measuring frequency 

3 dB bandwidth 

Emitter current 

Collector-emitter voltage 

Transducer gain 

Noise figure including influence of 
a. mixer stage with a noise figure of 10 dB 
b. R1=15 n 

Volt.age standing wave ratio (incl. R 1 = 15 fl) 

Cross-modulation * 
Interference voltage for K = 1 % 

3,3 
k!l 

+12V 

33k!l 

BF480 

7Z66761 

L1 = 6 turns, <3 3 mm 
L2 = 4,5 turns, <3 3 mm 

fi 

B3dB typ 

800 MHz 

25 MHz 

-IE typ 10,3 mA 

VcE typ 9,7 v 

Gtr typ 10 dB 

F typ 6,5 dB 

VSWR < 4 

V(int)rms typ 300 mV 

*Cross-modulation is defined here as the e.m.f. in 75 n of an unwanted signal with 80% modulation 
depth, giving 0,8% modulation depth on the wanted signal. 

--





BF494 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant intended for h.f. applications in radio and television receivers; 
it is especially recommended for f.m. tuners, low noise a.m. mixer-oscillators with high source imped· · 
ance and i.f. amplifiers in a.m./f.m. receivers where a high current gain is of importance. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 75 oc 

Junction temperature 

D.C. cu.rrent gain at Tj = 25 oc 
lc=1mA;VcE=10V 

Transition frequency 
lc=1mA;VcE=10V 

Noise figure at f = 100 MHz 
le= 1 mA; VcE = 10 V; Gs= 10 mA/V 

Conversion noise figure at f = 1 MHz 
le= 1 mA; VcE = 10 V; G5 = 1,2 mA/V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'~ 
7Z7B161 2 

VcBo 

VcBo 

le 

Ptot 

Tj 

hFE 

fT 

F 

Fe 

max. 30 v 
max. 20 v 
max. 30 mA 

max. 300 mW 

max. 150 oc 

typ. 115 

typ. 260 MHz 

typ. 4 dB 

typ. 2 dB 

Dimensions in mm 

t 0,40 
t min 

1..,_ S,2max -1 12,7min ----1 
• 0,49 
t max 

0,6? 
max 

JI 

diameter within 2,5 max I I 
1s uncontrolled ._ .._ 

( Oo<oboc 1982 

-
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BF494 11 

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

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter 'voltage (open base) 
(See also page 4) 

Emitter-base voltage (open collector) 

Currents 

Collector current (d.c.) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to Tamb = 75 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

Fr.oth)unction to ambient in free air 

CHARACTERISTICS 

Base -emitter voltage 2) 

le= 1 mA; VcE = 10 v 

Base current 

le = 1 mA; VcE = 10 V 

Feedback capacitance at f = 0, 45 MHz 

le= 1 mA; VcE = 10 V 

VcBO 

VCEO 

VEBO 

le 

lcM 

Ptot 

Tstg 

Tj 

Rth j-a 

max. 30 v 

max. 20 v 
max. 5 v 

max. 30 mA 

max. 30 mA 

max. 300 mW 

-65 to +150 oc 

max. 150 oc 

0,25 °C/mW 

T· = 25 °c J 

0,65 to 0, 74 V 

4, 5 to 15 µA 
typ. 8, 7 µA 

typ. 0, 85 pF 

1) VBE decreases by about 1, 7 mV ; 0 c with increasing temperature. 

2 II II July 1972 
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BF494 

CHARACTERISTICS (continued) Tj = 25 °c 

Transition frequency 

le = 1 mA; V c E = 10 v fT typ. 260 MHz 

Noise figure 

Ic = l mA; VcE = 10 V 

Gs= 2mA/V; f = 0, 2 MHz F typ. 1,5 dB 

Gs= l, 5mA/V; f = 1, 0 MHz F typ. l, 2 dB 

Gs= lOmA/V; f = 100 MHz F typ. 4 dB 

Conversion noise figure 

le = l mA; VcE = 10 V 

Gs = 0, 6mA/V; f = 0, 2 MHz Fe typ. 3 dB 

Gs = l , 2 mA /V; f = l, 0 MHz Fe typ. 2 dB 

y parameters at f = 100 MHz (common base) 

le = 1 mA; V CE = 10 V (lead length = 3 mm) 

Input conductance gib typ. 32 mA/V 

Input susceptance -bib typ. 3 mA/V 

Feedback admittance I Yrbl typ. 500 µA/V 

Phase angle of feedback admittance <Prb typ. 272° 

Transfer admittance JYfbi typ. 33 mA/V --Phase angle of transfer admittance <Pfb typ. 150° -: ---Output conductance gob typ. 22 µA/V -I 
Output susceptance bob typ. l, l mA/V 

I 
y parameters (common emitter) 

I 
Ic = 1 mA; VcE = 10 V (lead length= 3 mm) f = 10, 7 MHz f = 0, 45 MHz 

Input conductance gie < 0,64 0,54 mA/V 

Output conductance goe < 13,5 11,5 µA/V 

July 1972 
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BF494 

11 11 

Maximum allowable collector-emitter voltage (with resistance t: 
between -base and emitter and Ic = 2mA) versus the base t= 
resistance applied (: 

7Z08228 2 

40 

VcER max 
(V) 

The same curve applies to u.Jc and Jc , when external t 
~1 • B E f-ac1tances are used. f-

30 
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to lfrtQ, 
le 2mA...__ 

20 

r- VcER 
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-~-ll BF494 
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Ic 

(mA) 

20 

10 

7208628 
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age versus collec- 1-9± 
tor current t-+-+-+--1: H9 H-
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11 II 
7Z07405 
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BF495 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant intended for h.f. applications in radio and television receivers; 
it is especially recommended for f.m. tuners, i.f. amplifiers in a.m./f.m. receivers where a low transistor 
output conductance is of importance, a.m. input stages of car radios where a low noise figure at low source 
impedance is required. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 75 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
I c = 1 mA; V CE = 10 V 

Transition frequency 
le= 1mA;VcE=10V 

Noise figure 
le= 1mA;VcE=10V 
Gs= 20mA/V;f= 1 MHz 
Gs= 10 mA/V; f = 100 MHz 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 
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'~ 
7Z78181 2 

VcBo 

Vern 

le 

Ptot 

Tj 

hFE 

fT 

F 
i= 

).,._ S,2max ___..,__ ____ 12,7min 

max. 30 v 
max. 30 v 
max. 30 mA 

max. 300 mW 

max. 150 oc 

typ. 67 

typ. 200 MHz 

typ. 3,5 dB 
typ. 4 dB 

Dimensions in mm 

. 0,67 
max 
~ I o~ l=C=I===== I =========i 

7Z70994.1 

diameter within 2,Smax I I 

• 0,49 
t max 

is uncontrolled ...... ..,__ 

October 1982 
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BF495 

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

Voltages 

Collector-base voltage (open emitter) VcBo max. 30 v 
Collector-emitter voltage (open base) 

(See also page 4) VcEO max. 20 v 
Emitter-base voltage (open collector) VEBO max. 5 v 

Currents 

Collector current (d. c.) le max. 30 mA 

Collector current (peak value) lcM max. 30 mA 

!'ower dissipation 

Total power dissipation up to Tamb = 75 °c Ptot max. 300 mW 

Temperatures 

Storage temperature Tstg -65 to +150 QC 

Junction temperature Ti max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,25 °C/mW 

CHARACTERISTICS Ti= 25 °c 

Base -emitter voltage 2) -- le = 1 mA; v CE = 10 v VBE 0, 65 to 0, 74 v --
Base current 

Tc= 1 mA; VcE = 10 V lB 
8 to 28 µA 

typ. 15 µA 

Feedback capacitance at f = 0, 45 MHz 

le= 1 mA; VcE = 10 V Cre typ. 0,85 pF 

l) VnE decreases by about l, 7 mV ; 0 c with increasing temperature. 

2 

11 11 
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BF495 

CHARACTERISTICS (continued) Tj = 25 °c 

Transition frequency 

Ic = l .mA; vcE = 10 v fT typ. 200 MHz 

Noise fi~re 

Ic = 1 mA; Vc.13 = 10 V 

Gs= 20 mA/V;f = 1 MHz F typ. 3,5 dB 

Gs = 10 mA/V; f = 100 MHz F typ. 4 dB 

Conversion noise figure 

lc=lmA;VcE=lOV 

Gs= 1, 2 mA/V; f = 0, 2 MHz Fe typ. 4 dB 

Gs = 1, 5 mA/V; f = 1 MHz Fe typ. 2,5 dB 

y parameters at f = 100 MHz (common base) 

Ic = 1 mA; VcE = 10 V (lead length= 3 mm) 

Input conductance gib typ. 34 mA/V 

Input susceptance -bib typ. mA/V 

Feedback admittance IYrbJ typ. 490 µA/V 

Phase angle of feedback admittance <Prb typ. 272° 

Transfer admittance IYfb I typ. 34 mA/V 

Phase angle of transfer admittance <Pfb typ. 144° -Output conductance gob typ. 12 . µA/V ---Output susceptance bob l, l mA/V -typ. -
y parameters (common emitter) 

le= i mA; VcE = 10 V (lead length= 3 ~m) f = 10, 7 MHz f = 0, 45 MHz 

Input conductance gie < 0,96 0,86 mA/V 

Output conductance goe < 9,5 7,0 µA/V 

July 1972 ____ II_ II _ 
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BF495 II 

7ZOB228 2 
Maximum allowable collector-emitter voltage (with resistance l::J 
between ·base and emitter and Ic = 2mA) versus the base h 

40 resistance applied H 

VcER mai< The same curve applies to Jc and Jc , when external B 
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II 
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l BF496 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant intended for v.h.f. applications, e.g. as gain controlled pre
amplifier in v.h.f. television and f.m. tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 75 °c 

Junction temperature 

Transition frequency 
-IE= 2 mA; VcB = 10 V 

Maximum unilateral power gain 
-IE=3mA;VcB=10V;f= 50MHz 

-IE= 3 mA; VcB = 10 V; f = 200 MHz 

Noise figure at optimum source admittance 
-IE= 2 mA; VcB = 10 V; f = 100 MHz 

-IE = 3 mA; V CB = 10 V; f = 200 MHz 

VcBo 

Vern 

le 

Ptot 

Tj 

fT 

GuM 

GuM 

F 

F 

max. 30 v 
max. 20 v 
max. 20 mA 

max. 300 mW 

max. 150 oc 

typ. 550 MHz 

typ. 34 dB 

typ. 27 dB 

typ. 2 dB 

typ. 2,7 dB 
·---------------------~ 

MECHANICAL DATA 

Fig. 1 T0-92 variant 
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7Z6714S 

0,67 
max 

" 

Dimensions in mm 

• 0,40 
t min 

I.._ '3,2max _.,I~ ~---12,?min ----

I 0 ~l::::C:::t=; i, =====:J ; ~~; _ F 7Z709941 
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BF496 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 30 v 
Collector-emitter voltage (open base) Vern max. 20 v 
Collector-emitter voltage (RsE,,;;; 1 kn) Vern max. 30 v 
Emitter-base voltage (open collector) VEBo max. 3 v 
Collector current (d.c.) le max. 20 mA 

Collector current (peak value) lcM max. 20 mA 

Total power dissipation up to T amb = 75 oc Ptot max. 300 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 250 K/W 

CHARACTERISTICS 

T amb = 25 °c unless otherwise specified 

Base current 
typ. 50 µA 

-IE= 2 mA; V CB = 10 V Is < 150 µA 

-IE=12mA;Vcs= .1v Is < 2,2 mA 

Emitter-base voltage 
-IE= 2 mA; V CB = 10 V -VEB typ. 0,84 v 
-IE= 12 mA; Vcs = 7V -VEB < 1,0 v 

Transition frequency 
-IE= 2 mA; V CB = 10 V fT typ. 550 MHz 

--

-IE= 4 mA; Vcs = 5V fT < 530 MHz - Feedback capacitance at f = 10,7 MHz - typ. 0,8 pF 
le= 1 mA; VcE = 10 V Cre < 1,0 pF 

Noise figure at optimum source admittance 
-IE=3mA;Vcs= 10V;f= 50 MHz F typ. 1,9 dB 

-IE= 3 mA; Vcs = 10 V; f = 200 MHz F typ. 2,5 dB 

-IE= 2 mA; Vcs = 10 V; f= 100 MHz F typ. 2,0 dB 

Maximum unilateral power gain (common base) 

IYtb 'I 2 
GuM (in dB) = 10 log ---

4gibgob 

-IE= 3 mA; Vcs = 10 V; f = 50 MHz GuM typ. 34 dB 

-IE= 3 mA; Vcs = 10 V; f = 200 MHz GuM typ. 27 dB 

-IE= 2 mA; Vcs = 10 V; f = 100 MHz GuM typ. 30 dB 

2 October 1979 
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l Silicon planar transistor BF496 

y-parameters at f = 100 MHz (common base) 
lc=2mA;VcE=10V 

Input conductance gib typ. 66 mA/V 

Input susceptance -bib typ. 15 mA/V 

Feedback admittance IYrb I typ. 190 mA/V 

Phase angle of feedback admittance <Prb typ. 280° 

Transfer admittance IYfb I typ. 66 mA/V 

Phase angle of transfer admittance 'i'fb typ. 1550 

Output conductance 9ob typ. 15 µA/V 

Output susceptance bob typ. 660 µA/V 

y-parameters at f = 50 MHz (common base) 
-IE=3mA;Vcs=10V 

Input conductance gib typ. 9,5 mA/V 

Input susceptance -bib typ. 12 mA/V 

Feedback admittance IYrb I typ. 100 µA/V 

Phase angle of feedback admittance <Prb typ. 2700 

Transfer admittance IYfb I typ. 95 mA/V 

Phase angle of transfer admittance 'l'fb typ. 1600 

Output conductance 9ob typ. 10 µA/V 

Output susceptance bob typ. 350 µA/V 

y-parameters at f = 200 MHz (common base) 
-IE= 3 mA; Vea= 10 V 

Input conductance gib typ. 70 mA/V 

Input susceptance -bib typ. 46 mA/V 

Feedback admittance IYrb I typ. 340 µA/V 

Phase angle of feedback admittance <Prb typ. 275° --
Transfer admittance IYfb I typ. 85 mA/V 

Phase angle of transfer admittance 'l'fb typ. 130° 

Output conductance 9ob typ. 75 µA/V 

Output susceptance bob typ. 1,3 mA/V 

( ""'""'' 197ll 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a T0-92 envelope intended for use as preamplifier, mixer and oscillator in v.h.f. and 
u.h.f. tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 45 oc 

Junction temperature 

Transition frequency at f = 100 MHz 
IE= 1 mA; -Vee= 10 V 

Noise figure at f = 200 MHz 
IE= 1 mA; -Vee= 10 V 

Transducer gain (common base) 
IE= 3 mA; -Vee= 10 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

-Vcso 

-Vern 

-le 

Ptot 

Tj 

fr 

F 

Gtr 

max. 30 v 
max. 20 v 
max. 25 mA 

max. 250 mW 

max. 150 oc 

typ. 350 MHz 

< 6 dB 

> 14-dB 

Dimensions in mm 

1~ 
7Z7B182 2 LJ to,4o 

p%~, ================i: t min 

0,67 
max , 

I..,._ S,2max ~------12,?min ----

1 0 ~i::::::c::::~ 1~. ========,,====i,.-· : ~~: 
diameter within 2,5 max I I 
1s uncontrolled __.. +-

October 1982 
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BF926 J 
RATINGS 

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

Collector-base voltage (open emitter) -Vcso max. 30 v 
Cpllector-emitter voltage (open base) -Vern max. 20 v 
Emitter-base voltage (open collector) -VEBO· max. 4 v 
Collector current (d.c.) -le max. 25 mA 

Total power dissipation up to T amb = 45 oc Ptot max. 250 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 420 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE=O;-Vcs=20V -lcso < 50 nA 

Base current 
IE= 1 mA; -Vcs = 10 V -Is < 33 µA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 30 v 

Collector-emitter breakdown voltage 
open base; -le= 2 mA -V(BR)CEO > 20 v 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA ,-V(BR)EBO > 4 v 

Transition frequency at f = 100 MHz 
IE= 1 mA; -Vcs = 10 V fT typ. 350 MHz - typ. 500 MHz - IE= 5 mA; -Vcs = 10 V fy 

400 to 700 MHz 

Feedback capacitance at f = 1 MHz 
IE=1mA;-Vcs=10V Cre typ. 0,5 pF 

Noise figure at f = 200 MHz 
typ. 5 dB IE= 1mA;-Vcs=10V F 
< 6 dB 

Transducer gain (common base) at f = 200 MHz 
> 14 dB IE= 3 mA;-Vcs = 10 V; Rs= 60 rl.; RL =920rl. Gtr typ. 17,5 dB 

2 September 1979 
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BF936 

SILICON PLANAR TRANSISTOR 

P-N-P transistor in a T0-92 envelope intended for use in h.f. amplifiers and also in mixer and oscillator 
stages in v.h.f. and u.h.f. television receivers. ' 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 45 °c 

Junction temperature 

D.C. current gain 
IE= 1mA;-VcB=10V 

Transition frequency at f = 100 MHz 
IE= 1mA;-VcB=10V 

Noise figure at f = 200 MHz 
IE= 1mA;-VcB=10V 

Transducer gain (common base) 
IE= 3 mA; -VcB = 10 V; f = 200 MHz 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'~ 
7Z67146 1 

-VcBO 

-VcEO 

-le 

Ptot 

Tj 

hFE 

fT 

F 

Gtr 

max. 30 v 
max. 20 v 
max. 25 mA 

max. 250 mW 

max. 150 oc 

> 25 

typ. 350 MHz 

< 6 dB 

> 14 dB 

Dimensions in mm 

0,67 
max 

JI 

I-+- S,2max ---i----12,7min 

I 0 ~ ~ i~: ========"~,,.... : ~: 
diameter within 2,5 max I I 
is uncontrolled +- ,.__ 

-----

-
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BF936 J 
RATINGS 

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

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation up to T amb = 45 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE= O; -Vcs = 20 v 

Base current 
IE= 1mA;-Vcs=10V 

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

Collector-emitter breakdown voltage 
open base; -le= 2 mA 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA 

D.C. current gain 
IE= 1 mA;-Vcs= lOV 

Transition frequency at f = 100 MHz 
IE=1mA;-Vcs=10V 

Feedback capacitance at f = 1 MHz 
IE= 1 mA; -Vcs = 10 V 

Noise figure at f = 200 MHz 
IE= 1 mA; -Vcs = 10 V; Rs= 50 .Q 

Transducer gain (common base) at f = 200 MHz 
IE= 3 mA;.-Vcs = 10 V; Rs= 60 .Q; RL = 920 U 

-Vcso 

-Vern 

-VEBO 

-le 

Ptot 

Tstg 

Tj 

Rth j-a 

-lcso 

-19 

-V(BR)CBO 

-V(BR)CEO 

-V(BR)EBO 

hFE 

fT 

Cre 

F 

Gtr 

max. 30 v 
max. 20 v 
max. 4 v 
max. 25 mA 

max. 250 mW 

-55 to +150 oc 

max. 150 °c 

420 K/W 

< 50 nA 

< 38 µA 

> 30 v 

> 20 v 

> 4 v 

> 25 

typ. 350 MHz 

typ. 0,9 pF 

typ. 5 dB 
< 6 dB 

> 14 dB 
typ. 17,5 dB 



BF939 

SILICON PLANAR TRANSISTOR 

P-N-P transistor in a T0-92 envelope intended for application as a gain controlled preamplifier in v.h.f. 
tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 55 °c 
Junction temperature 

Transition frequency at f = 100 MHz 
IE=2mA;-Vcs= 10V 

Noise figure at f = 200 M,Hz 
IE=2mA;-Vcs= 10V 
Rs = 60 n; R L = 1 kn 

Transducer gain (common base) 
IE= 2 mA; -VeB = 10 V; f = 200 MHz 
Rs= 60 n; R L = 1 kn 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

'-«? 7Z67146 1 

. 0,67 
max 
~ 

-Veso 

-Vern 

-le 

Ptot 
T· J 

fT 

F 

I.- t5,2max -...-. ____ 12,7min 

diameter within 2,Smax I I 
is uncontrolled ...,.. ..-

max. 

max. 

max. 

max. 

max. 

typ. 

typ. 

typ. 

30 v 
25 v 
20 mA 

225 mW 

150 °c 

750 MHz 

2,5 dB 

16 dB 

Dimensions in mm 

7270994.1 

• 0,40 
t min 

+ 0,49 
t max 

( °""'"'" 1982 

-
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BF939 J 
RATINGS 

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

Collector-base voltage (open emitter) -Vcso 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation up to T amb = 55 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE=O;-Vcs=15V 

Emitter cut-off current 
le= O; -VEB = 1 V 

Base current 
IE=2mA;-Vcs=10V 

-le= 9_mA;-VcE = 4 v 
Collector-base breakdown voltage 

open emitter; -1 c = 10 µ.A 

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

Emitter-base breakdown voltage 
open collector; -IE = 10 µ.A 

Transition frequency at f = 100 MHz 
IE= 2,0 mA; -Vcs = 10 V 

IE= 6,5 mA; -Vcs = 5,5 V 
Feedback capacitance at f = 500 kHz 

IE=O;-Vcs=10V 

IE=O;-Vcs=10V 

Noise figure at f = 200 MHz 
IE= 2 mA; -Vcs = 10 V; Rs= 60 Q; RL = 1 kQ 

Transducer gain (common base) at f"= 200 MHz 
IE= 2 mA;-Vcs = 10 V; Rs= 60 Q; RL = 1 kQ 

-:VCEO 

-VEBO 

-le 

Ptot 

Tstg 

Tj 

Rth j-a 

-lcso 

~IEBo 

-Is 

-Is 

-V(BR)CBO 

-V(BR)CEO 

-V(BR)EBO 

fr 

fr 

Cre 

Crb 

F 

Gtr 

max. 

max. 

max. 

max. 

max. 

30 v 
25 v 
3 v 

20 mA 

225 mW 

-55 to +150 oc 

max. 150 oc 

420 K/W 

<. 100 nA 

< 100 nA 

typ. 55 µ.A 
< 125 µ.A 

< 3,6 mA 

> 30 v 

> 25 v 

> 3 v 

typ. 750 MHz 

< 200 MHz 

typ. 0,7 pF 

typ. 135 fF 
< 160 fF 

typ. 2,5 dB 
< 4 dB 

typ. 16 dB 
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Fig. 3 Circles of constant noise figure. 
-Vcs = 10 V; IE= 2 mA; f = 200 MHz; 
T amb = 25 °C; typical values. 
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BF967 

SILICON PLANAR TRANSISTOR 

P-N-P transistor in a plastic T-package, primarily intended for application as gain controlled preamplifier 
in u.h.f. television tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 55 °c 
Junction temperature 

Transition frequency at f = 100 MHz 
IE= 3 mA; -VcB = 10 V 

Noise figure (common base) 
IE = 3 mA; -V CB = 10 V; f = 800 MHz 
Rs= 60 n; R L = 500 n 

Transducer gain (common base) 
IE= 3 mA; -VcB = 10 V; f = 800 MHz 
Rs= 60 n; R L = 500 n 

MECHANICAL DATA 

Fig. 1 SOT-37. 

Connections 

1. Emitter 
2. Base 
3. Col I ector 

7,4 t 
mrn 

4,B 
max 

i 

-

-.11--+- 0,24 max 

12max-. ..--

- 2,7 -(1) =type number marking. 
max 

6,8 
max 

l 

€ Products approved to CECC 50 002-127, available on request. 

-VcBo 

-Vern 

-le 

Ptot 

Tj 

fT 

F 

Gtr 

1-
8,1 

max 

max. 30 v 
max. 30 v 
max. 20 mA 

max. 160 mW 

max. 150 oc 

typ. 900 MHz 

typ. 4 dB 

typ. 13 dB 

Dimensions in mm 
3 

/-<>-;1,2 max 

5,1 
min 

1 i 
1 .... 105mox 

1273904. 2 

October 1982 

-

--

-



BF967 Jl 
RATINGS 

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

Collector-base voltage (open emitter) -Vcso max. 30 v 
Colle~tor-emitter voltage (open base) -VcEO max. 30 v 
Emitter-base voltage (open collector) -VEBO max. 3 v 
Collector current (d.c.) -le max. .. 20 mA 

Base current (d.c.) -Is max. 5 mA 

Total power dissipation up to T amb = 55 oc Ptot max. 160 mW 

Storage temperature Tstg -55 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 600 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE=O;-Vcs= 15V -lcso < 100 nA 

Emitter cut-off current 
le= O; -VEB = 1 V -IEBO < 100 nA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 30 v 

Collector-emitter breakdown voltage 
open base; -le= 1 mA -V(BR)CEO > 30 v 

Emitter-base breakdown voltage 
open collector; -IE = 10 µA -V(BR)EBO > 3 v 

D.C. current gain > 15 - IE=3mA;-VcE=10V hFE typ. 60 

IE=7mA;-VcE=4V hFE > 10 

Transition frequency at f = 100 MHz 
typ. 900 MHz 

IE=3mA;-Vcs=10V fT 700 to 1100 MHz 

IE = 7 mA; -V CB = 5 V fy < 200 MHz 

Feedback capacitance at f = 500 kHz 
IE= 1 mA; -Vcs = 10 V Cre typ. 0.45 pF 

IE= 0;-Vcs = 10 v Crb 
typ. 115 fF 
< 140 fF 

Noise figure (common base) 
IE= 3 mA; -VcB = 10 V; f = 800 MHz typ. 4 dB 
Rs= 60 n; R L = 500 n F < 5 dB 

Transducer gain (common base) 
IE= 3 mA; -Vcs = 10 V; f = 800 MHz > 11 dB Rs = 60 n; R L = 500 n Gtr typ. 13 dB 

2 September 1979 
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- BF967 
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Fig. 2 -Vcs = 10 V; f = 100 MHz; ramb = 25 °c. 
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Fig. 3 -Vee= 12 V; Re= 1 kn; f = 100 MHz; ramb = 25 oe. 
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Fig. 5 Circles of constant noise figure. 

Measuring conditions: 

Fig. 4 -Vcs = 10 V; IE= 3 mA; f = 200 MHz; 
T amb = 25 °C; typical values. 

Fig. 5 -VcB = 10 V; IE= 3 mA; f = 800 MHz; 
T amb = 25 °c; typical values. 

Fig. 6 -Vee= 12 V; Re= 1 kn; RL = 500 n; 
f = 800 MHz; Tamb = 25 °c. 



Silicon planar transistor l ..... ··--B-F9_6_7 __ _ 

Conditions for Figs 7 to 10: IE = 3 mA; -V CB = 10 V; T amb = 25 DC; typical values. 
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~~~~----~---~~~~~~~~~~--------~l~~~B-F-97-0~~-
SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a plastic T-package intended for application as serf-oscillating mixer stage in u.h.f. 
tuners. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power di~ipation up to T amb = 55 °c 

Junction temperature 

Transition frequency at f = 100 MHz 
IE=3mA;-Vcs=10V 

MECHANICAL DATA 

Fig. 1 SOT-37. 

Connections 
1. Emitter 
2. Base 
3. Collector 

17,4 f 
min J 

4,B 

mr 

j I-+- 0,24 max 

1,2max- . l 
-

( 1) = type number marking. 

2,7 1-
max 

6,8 
max 

l 

-Vcso max. 40 v 

-vcEo max. 35 v 

-le max. 30 mA 

Ptot max. 160 mW 

Tj max. 150 oc 

fy typ. 900 MHz 

Dimensions in mm 

n 3 

B,1 
.max 

._1,2max 

- -1,osmax 
?Z73904 2 

November 1979 



-BF9-70 Jl __ ______ 
RATINGS 

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

Collector-base voltage (open emitter) -V CBO 

Collector-emitter voltage (open base) -Vceo 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Emitter current (d.c.) 

Total power dissipation up to T amb = 55 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE= O; -Vcs = 20.v 

Emitter cut-off current 
le= O; -VEB = 1 V. 

D.C. current gain 
-le= 3 mA; -Vcs = 10 V 

Transition frequency at f = 100 MHz 
IE= 3 mA; -Vcs = 10 V 

IE= 7 mA; -Vcs = 5 V 

Feedback capacitance at f = 1 MHz 
IE=O;-Vcs=10V 

IE= 1 mA;-Vcs=5V 

Noise figure at Rs = 60 il 
IE= 3 mA; -Vcs = 10 V; f = 200 MHz 

IE= 3mA;-Vcs=10 V; f=800 MHz 

Transducer gain (common base) at f = 800 MHz 
IE= 3 mA; -Vcs = 10 V; Rs= 60 il; RL = 500 il 

2 November 1979 

-VEBo 

-le 

IE 

Ptot 

l'stg 

Tj 

Rth j-a 

-Iese 

-IEBQ 

hFE 

fT 

fT 

Crb 

Cr~ 

F 

F 

Gtr 

max. 40 v 

max.· 35 v 

max. 3 v 

max. ;m mA 

max. 35 mA 

max. ' 160 mW 

-55 to + 150 oc 

max. 15o·oc 

. 600 K/W 

< 100 nA 

< 100 nA 

> 25 
typ. 5Q 

typ. 900 MHz 
750 to 1060 MHz 

> 400 MHz 
typ. 700 MHz 

WP· 110 fF 
< 140 fF 

typ. 475 w 

typ. 2,6 dB 

typ. 4,7 dB 
< 6,0 dB 

> 13,0 dB 
typ. 14,5 dB 



BF979 

SILICON PLANAR TRANSISTOR 

P-N-P transistor in a subminiature plalltic T-package, primarily intended for application in r.f. stages in 
u.h.f. tuners using p-i-n diode attenuators. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 55 °c 

Junction temperature 

Transition frequency at f = 100 MHz 
IE=10mA;-Vcs=10V 

Noise figure (common base) 
IE= 10 mA;-Vcs =10 V; f = 800 MHz 
Rs= ~on; RL = 500 n 

Transducer gain (common base~ 
IE= 10mA;-Vcs= 10V;f=800MHz 
Rs = 60 n; R L = 500 S1 

MECHANICAL DATA 

Fig. 1 SOT-37. ~ 

Connections 

1. Emitter 
2. Base 
3. Collector 

17,4 l 
min 

4,8 ~ 

mr 

1,2 max-+ {-+-
-+ 2,? ---

mpx 

(H =type number marking. 

September 1979. '' · 



BF979 J 
RATINGS 

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

Collector-base voltage (open emitter) -Vcso max. 20 v 
Collector-emitter voltage (open base) -Vern max. 20 v 
Emitter-base voltage (open collector) -VEBO max. 3 v 
Collector current (peak value) -lcM max. 30 mA 

Base current (d.c.) -Is max. 10 mA 

Total power dissipation up to T amb = 55 oc Ptot max. 140 mW 

Storage temperature Tstg -55 to +125 oc 

Junction temperature Tj max. 125 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 500 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE=O;-Vcs= 15V -lcso < 100 nA 

Emitter cut-off current 
lc=O;-VEs= 1 v -IEBO < 100 nA 

Collector-base breakdown voltage 
open emitter; ~le= 10 µA -V(BR)CBO > 20 v 

Collector-emitter breakdown voltage 
open base; -le= 1 mA -V(BR)CEO > 20 v 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA -V(BR)EBO > 3 v 

D.C. current gain 

- IE=2mA;-Vcs= 10V hfE > 15 ...., 
IE= 10 mA; -Vcs = 10 V hfE > 20 

Transition frequency at f = 100 MHz 
IE= 10mA; -Vcs = 10V tr typ. 1350 MHz 

IE= 15mA;-Vcs=5V i.r typ. 1000 MHz 

Feedback capacitance at f = 500 kHz 
IE=O;-Vcs= 10V Cre typ. 0,65 pf 

IE=O;-Vcs= 10V Crb typ. 120 fF 

Noise figure (common base) 
IE= 10 mA; -Vcs = 10 V; f = 800 MHz F 

typ. 4,5 dB 
Rs= 60 !?.; R L = 500 n < 6,0 dB 

Transducer gain (common ba~e) 
IE= 10 mA; -VcB = 10 V; f = 800 MHz 
Rs= 60 !?.; RL = 500 n Gtr typ. 16 dB 

September 1979 
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Fig. 3 IE= 10 mA; -VcB = 10 V; f = 200 MHz; Fig. 4 IE= 10 mA; -VcB = 10 V; f = 800 MHz; 
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September 1979 3 

----



-BF9-79 Jl ___ _ 

-----

Conditions for Figs 5 to 8: IE = 1 O mA; -.-- -VV CB : 10
5 VV; T amb = 25 °c; typical values. ----- ca-
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----------------------------·· l -BFR54 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant envelope prim9rily intended for use in active probes, 
frequency multipliers and linear amplifiers. 

QUICK REFERENCE DATA 

Collector.-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

D.C. current 
le= 10mA; V_cE.."' 1 V 

Transition frequency at f = 100 MHz 
le= 10mA; VcE = 10V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

·~ 
7?67145 

Vcso 

Vern 
ICM 

Ptot 

hFE 

fT 

max. 40 v 
max. 15 v 
max. 500 mA 

rl)aX. 500 mW 

> 40 

> 500 MHz 

Dimensions in mm 

1- ?,2max ------12,7min 

I o~ l=C;:I==: ========:::::::"""" : ~~1 0,67 
max 

JI 

diarneter within 2,5 max t / 
is ~ncontrolled ._ ..,_ 

. c ~"" 1981 
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_'B-FR5-4 _Jl _____ _ 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 40 V: 

Collector-emitter voltage (VsE = 0) VcEs· max. 40·V 

Collector-emitter voltage (open base) VcEO max. .1,5 v. 
Emitter-base voltage (open collector) VEBO max. 4,5 v 
Collector current (peak value; tp = 10 µs) ICM max. 500: mA 

Total power dissipation up to T amb = 25 oc Ptot max1 500: mW 

Storage tern peratu re Tstg _:55 to + 150 ·oc 
"' 

Junction temperature Tj max. 15p oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a' 250. K/W 

CHARACTE~ISTICS 
, -I i ;. 

' T amb = 25 °d ul)less otherwise speci,fiiMJ 
·-I· 

I' 

Collector cut:off.current- : - · I 
IE= 0; Vee= 20 v 1c80 < 400: 1nA 
IE= O; Vee= 20 V; Tj = 125 oc iced < 301 •µA 

I I 

Emitter cut-off current 
le= O; VEB = 2 V IEBO < 100 :nA 

Saturation voltage 
VcEsat < 0,25 v 

le= 10 mA; Is-= 1 mA 
VsE~at 0,70 to 0,85 V 

Knee voltage 
le= 45 mA; Is= value for which 

- le= 50 mA at VcE = 2 V VcEK, < 0,8 .V -- D.C. current gain - le= 10mA;VeE = 1 v ~FE > 40' -- Transition frequency at f = 100 MHz 
le= 10mA;VcE=10V fy > 500 MHz 

lc=40mA;VcE=10V fy > 490 ,MHz 

Collector capacitance at f = 1 MHz 
IE= le= O; Vea= 5 v Cc ·< -4 pF 

Emitter capacitance at f = 1 MHz 
le= le= O; VEs = 1 v Ce < 4,5 'pF 

Maximum unilateral power gain IYre assumed to be zero) 

. lvte I 2 
GuM (in dB)= 10 log--

4giegoe 

le= 10 mA; VcE = 10 V; ~ = 200 MHz GUM typ. 19•dB 

2 



Silicon planar epitaxial transistor 
l-- BFR54 

75i-:-~-+~-+--+-+-+-1-+++-~--~l--'c---l::...-~-l-+-tty~pl"++----.......::::--+~+-+-+-l-++-H 

~ 

50 .L'.'.'.'.l 
rL 

: -

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

1500 

fT 
(MHz) 

1000 

500 

0 

10- 1 

','' 

~ 

I] 

0 25 

10 

Fig. 2 VcE = 1 v; Tj = 25 oc. 

7Z88007 

typ 

N-1 

50 75 lc(mAl 100 

Fig. 3 VcE := 10 V; Tj = 25 oc. 

( Apctt1981u 

----

3 



____..BFR~ Jl_. ------

g i e 1----1----1- - IC 10 mA ~..R" 
(rnA/V) 5mA~~ ~ .J--17 

2mA~ ~ V 

y y v 

0L-L.....J-1---L.--'-...L.--L-.L-L.....J---L..--L.--'--'-..._.._L.....J---L..-L...--1.--L--L-......... L-....1---L..-L... .............. 
200 400 600 f (MHz) 800 

Fig. 4 V CB= 10 V; T amb = 25 °c; typical values. 

-20L......J-l---L.-L.....L.-..J_.L.._L.....J-1---L.-L.....L.--L-.L-L.....J-l---L.--'--'--L-.L-L.....J-1---L.--'-....l-I 
200 400 600 f (MHz) 800 

Fig. 5 Vcs = 10 V; T amb = 25 °c; typical values. 
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Silicon planar epitaxial transistor BFR54 

f-l--+-t--+---1--1-+-+--1--+-+--+-1--+-+-+--1--+-+---+-IE= ~ 
lOmA ~ 

I Y re I f-l-+--+---t--+-+-1--+--+---+--+-+-r-+-t--+--+-+-t--t 5 mA bJ J..d7~ 

(mA/V)l--l---+-+--+-+-~1-+-+--+-+-+-1-+-+-+--+-+-+-+-+2-m~A~~l2J~~~~~---+-+--+-I 
~ 

51---+-+-+-t-+--l-+-+-t--+-l---+----k::~kd~~-+--l-+-+-+--+--+--l-+-+-t--t-t-l 
~ 

0 ...._.___.__.._...__.__.__.__.__._..._..__.___.__.._..._.__.__.__.__.__._..__.___. .......... __.._...__.__._~ 

200 400 600 f (MHz) 800 

Fig. 6 Vcs = 10 V-, T amb = 25 DC; typical values. 

1--11---t-+-t--t--t-..-+--+--+-+--t-IE= .._.._,_..____,_-+--+---+--+--+---+--+-+-+--<,_..----t 

,._.__,,_....__.,.---+--+---+--+--+--+-+-+ / 2 mA -1-1--f-l--+-+-t--t--+--+--+-+--1-+--11--1--J 

rJo-J=r--t--1;;;::J--1r-+-+--+--+-+r~~Y5mA.._.._,_..'-+-+--+---+--+--+---+--+-+---+--<f----+----t 
-<Pre ~ 'L110mA 

r-iz:K:: 
7V r-t-

90°1-11--1--+-+-+--+--+--+-+-+-+-l--l--+-+-+-+-+--+-~r--+"""'""""""";::f--+--t-+-+-t--1 
~~ 

85D.._. .......... __..__.___.___.__.__.__._.._....._....__.__..__.___.__.__.__.___.__._.._.___.__..__.___.__.___._~ 
200 400 600 f (MHz) 800 

Fig. 7 Vcs = 10 V; Tamb = 25 DC; typical values.. 
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-BFFJ-54 Jl __ _ 

--

6 

.. 

0L-L.......J.-L-L..--1...-'-..L-.i--JL.......L-L-L..~-'--'--......... L........l.--'--'-~-'--'--.1--JL.......L-L-L.....J.-l 
200 400 600 f (MHz) 800 

Fig. B Vc13 = 10 V; Tamb = 25 °c; typical values. 

-~fe l--l--l-l---+---l--l-+-~1--1-1---+---l--l-+-+-l--l-+-+-+--l--l-+-l--1-+:::::::lo-+-~ 
~ 

50°L..-J---L--L.--l...-l-.J..--"--L..-J---L--L.--l...-1--L-"--L..-J---L--'--'--'--'-.J......L.......l----L-L-'---'---' 
200 400 600 f (MHz) 800 

Fig. 9 Vea= 10V;Tamb =25 °C;typical values. 

April 19811 



Silicon planar epjtaxial transistor 
-c--H BFR54 

1-->--t--+--+--+--+--+-IE= +--~f-----l--+--+-+----+---+--+-+-+-+--f------1--+--+--+-+----+-4 
t--f-----l--t-+-+----+---t10mAi::--t--t--t-t-t----t--t:;;;;li--+--t--+-*'=:±-t-1-t-----t----t---t---t 

9oe 5mA~ ~ ~ 
(mA/Vl1--1-+-+-+-+--t--t-2rm~A-+J"""'d:~:>o!"' ...... ~+--'"-+-+-+-+--t--t-l--l-+-+-+-+-~-......:-+~~=-+--i 

J..-1S, t:-., "')..... 

N 

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

200 400 600 f ( Ml-lz) 800 

Fig. 10 Vcs = 10 V; Tamb = 25 °c; typical values. 

boe 
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0 ......... ~~----+--+--+--'--'-"'--"'--....._. __ _.__._-+--+--+--'-.._..__ .......... ~------+--+-~ 

200 400 600 f (MH.z) 800 

Fig. 11 V CB= 10 V; -IE = 2 to 10 mA; T amb = 25 oc 
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--i- -- ---- B FT 44 

_ BFt4s 

SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 

Planar epitaxial transistors in T0-39 metal envelopes, intended as general purpose 
amplifiers and switching devices in industrial and telephone applications. 

QUICK R~FERENCE DATA 

BFT44 BFT45 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

-Vcso max. 300 250 

250 -VcEO max. 300 
--~--

Collector current (d. c.) -le max. 0,5 

Total power dissipation up to T case = 50 °c Ptot max. 5,0 

Junction temperature Tj max. 200 

D.C. current gain 
-le = 10 mA; -Vc;;i;: = 10 V hpE 50 to 150 

Transition frequency at f = 35 MHz 
-le = 15 mA; -VcE = 10 v fT typ. 70 

v 
v 

A 

w 
oc 

MHz 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

5,08 -

- 9,4_ 
max 

b 

c 

max. lead diameter is guaranteed only for 12, 7 mm 

Accessories: 56245 (di!i!tance disc). 

October 1979 II 
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BFT44 JI BFT45 _ 

RATINGS Limiting values in acc~rdance with tha Absolute Maximum System (IEC 134) 

Voltages BFT44 BFT45 

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

Collector-emitter voltage (open base) -VcEO max. 

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

Current 

Collector current {d. c.) -re max. 

Power dissipation 

Total power dissipation up to T case = 50 °c Ptot max. 

7Z76518 

maximum permissible power 
dissipation versus case temperature 

100 

Ptot 
(%) 

50 

0 

K 

~ 

0 

'\: 

T\ 

~ 
rs 

100 
T case (oC) 

200 

300 250 

300 250 

5 5 
~-

0,5 

5,0 

Temperatures 

Storage temperature 

Junction temperature 

Tstg -65 to +200 

TIIERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Tj 

Rth j-a 

Rth j-c 

max. 200 

200 

30 

v 
v 
v 

A 

w 

oc 

OC 

0 c;w 

0 c;w 

2 II II April 1977 



-----11 
CHARACTERISTICS 

Collector cut-off current 

IE= O: -.Vcs = 200 v 
. Is = O: -VcE = 200 V: Tj = 125 °c 

Emitter cut-off current 

le= 0; -VEB = 3 V 

Collector-emitter sustaining voltage 

-le= 10mA;lB=O;L=25mH 

Test circuit for V CEOsust 
L= 25 mH 

-Vee 

-----•hor. 
T.U.T. 

7Z72966 

Saturation voltages 

-le = 10 mA: -Is= 1 mA 

-le= 100 mA: -Is= 10 mA 

-le = 500 mA; -Is= 100 mA 

D. C. current gain 

-le= 1 mA; -VcE = 10 V 

-le= 10 mA; -VcE = 10 V 

-le= 100 mA; -VeE = 10 V 

Collector capacitance at f = 1 MHz 

IE=le=O ;-VeB=20V 

osci II oscope 

BFT44 
BFT45 

~HI 
BFT44 
BFT45 

Tj = 25 °c unless otherwise specified 

-leBO < 5 µA 

-leEO < 300 µA 

-IEBO < 5 µA 

BFT44 BFT45 

-VeEOsust > 300 250 v 1) 

Oscilloscope display for VeEOsust 

-le 
(mA) 

10 

0 

-VeEsat 
-VBE sat 

-VeEsat 
-VsE sat 

-VeEsat 
-VeEsat 
-VBE sat 

7Z72997 

--------+ 
min -VcEOsust i 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-Vern (Vl 

< 0,5 v 
< 0,8 v 
< l, 4 v 
< 0,9 v 

' 
< 5,0 v 2) 
< 3,0 v 2) 
< 1,2 v 2) 

> 30 

50 to 150 

> 50 2) 

< 15 pF 

1) -Vee= 0 to 50 V: f = 400 Hz; o = 0, 5 (see also test circuit). 
2) Measured under pulse conditions: tp = 300 µs; o :5 0, 02. 

April 1977 II II 3 
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BFT44 ·11 
BFT45 .. 

CHARACTERISTICS (continued) 

Transition frequency at f = 35 MHz 

-re= 15 mA; -VcE = 10 v 

Switching times 

II 

fT 

ton 
to ff 

-Icon= 50 mA; -!Bon= !Baff= 5 mA (test circuit 1) 

tan 
to ff 

-Icon= 500 mA; -!Bon= lBoff = 100 mA (test circuit 2) 

Test circuit 1 

Vee= -31 v 
tp = 10 µs 

Test circuit 2 

Vee= -31 v 
tp = 10 µs 

4 

82S1 

II 

Vee 

-r- 7Z72964 • 

+ -r- 6.4 v 
• 7Z72965 

II 

Tj = 25 °c 

typ. 70 MHz 

typ. 125 ns 
typ. 850 ns 

typ. 125 ns 
typ. 125 ns 

,April 1977 
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BFT44 
BFT45 

200 LJLJ-l--+--+--+--f--Hr-f-+++++-HH-fllllM typical values 

L_J_J_-f--+.-i--i---t-+-+---f-+-~r--f-f-tli-t-tlr-1--r-r- ~=25°e 
-

1
e [~1-l-i-il-+-+-+--+--l-+-~-+-+-+-+-+-+-t-1H--t--t-t-i--r-rl--::-J (mA)CJ=c~~~+-+-++-l--+-+-+-l-t---t-t-t-+t-t-t--t-ti--t1=t1 

7Z72970 

150 DID=l=+--~--1-µ--1:--!-jL--!-+-_j-+_--1-f---I-+ __jt-+t--+i-i-~ +t--it-+t---tt_-t-1 Tt l~j l-------l---1---+--+-+--t--i---t--rl-IB-1mA 
i...-1-

100CI1LJl7'1Zl=:+-+---+i.-~.i-~!"'-"J...t-+~f=t:::r::t-lFT~t-i--t-ti--ttlttlJ 
lV y 

1_.Y 0,6 mA+--~-+-+--+--t---1 

50 vr- 0,4mA 

iT 0,2mA 

~ ti o[J[]:.:J=t_J_J_l_j_J_J__J__l__L...L1-LJLJ.--1..:10~0~....L...L_L---~~--'-~150 
O 50 -VeE (V) 

300 

-le 
(mA) 

200 

100 

0 
0 

IL 
YJ2 

17 12' ~ IZl7 
~ 

~ p 

~ .... 

April 1977 

p 
v 

J7 

12 v 
yl2l l2 y 

y 1.7 
12 

p i..-t-" 

i;;;P 

5 

II 

7Z72971 

typical values 

T-=25°e J 

la 5mA 
p 

121 2mA ..... .... .... 

1 mA 
::r:r::r 
O,Bm~ 

0,6mA 
i.l..l. 

0,4mA 
o,2mA 
IIIJ 

10 1 5 
-VeE (V) 

20 

IL 5 



BFT44 
BFT45 

-le 
{mA) 

10 

10- 1 
0,5 

6 

~ 
~ 

71 

1 

-lcso 
{nA) 

-Vcs = 200 v 

I/ 
7 

LL 

7 

IL 
I 

7Z72967 

VcE 10V 
Tj = 25 °c 

typ ~ 

1,5 -VBE { V) 2,5 

11 
1 I 

I 
7Z72968 

[:<i!I 

rif-
_iJ 

tvP/ 

IZ 

100 200 

30 
7Z72969 

IE=le=O 

f = 1 MHz 

Ti= 25 °c 

20 I 
J 

) 

~ 
l'!r.. 

10 
~yp 

!'; 
..... ,.... 
~ 

20 -Vcs Iv l 40 
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150 

fT 
(MHz) 

100 

50 

0 
1 

150 

100 

~ 

50 

0 
1 

~ 
7' 

_..., 

April 1977 

z 

--

11 

~ 
7-

Ii"' 
~ 

.JI!. 

10 

......... 
,..... 

10 

11 

i-------
BFT44 
BFT45 

7Z72975 

-VcE= 10V 

f = 35 MHz 

Ti= 25 °c 

typ ,..... -~ SS: 

--

-lclmA) 

7Z72974 

-vcc10v 
Tj=25 °c 

typ -- "\ --

-lclmA) 

II 7 



BFT44 
BFT45 

1,5 
typ. values 

le 
-= 10 
IB 

-VcEsat 

-VBEsat 

T- = 25 °c 
J 

(V) 

1,0 

0 ,5 

0 

1,5 
typ. values 

le 
-=5 
IB 

-VcEsat 

-VBEsat 

(V) 
Tj - 25 °c 

1, 0 

r-

0 ,5 

0 
1 

8 

II 

--1-t-

10 

VBEsat 

i---

' 

10 

11 

II 
7Z72973 

VcEsat 
I 
I VBEsat t-

--i-

---, 

J_ 
I 

J_ 
17 

lZ 

102 I (mA) 10 3 
c 

7Z72972 

VcEsat 

J_ 
lL 

L v 
i..--

102 I (mA) 10 3 
c 
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J BFX29 
BFX87 
BFX88 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-39 metal envelopes for general industrial applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

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

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 10 V 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

5,08 

- 9,4 max 

-Vcso 

-VcEO 

-lcM 

Ptot 

hfE 

fT 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max. 

max. 

max. 

max. 

> 
typ. 

> 

BFX29 BFX87 BFX88 

60 

f?O 
600 
600 

50 
125 

100 

50 
50 

600 
600 

40 
40 

600 
600 

40 40 
125 125 

100 100 

v 
v 
mA 

mW 

MHz 

Dimensions in mm 

-

€ Products approved to CECC 50 002-071, available on request. -

----
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BFX29 
BFX87 
BFX88 
RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical BFX29 BFX87 BFX88 

-VCBO max. 60 50 40 v 

-V CEO max. 60 50 40 v 
-VEBO max. 5.0 4.0 4.0 v 
-IC max. 600 mA 

-ICM max. 600 mA 

IEM max. 600 mA 

Ptot max. (Tamb$25oC) 600 mW 

Temperature 

Tstg range 

T. max. 

-65 to +200 oc 

+200 oc 
J 

THERMAL CHARACTERISTIC 

Rth(j-amb) 292 degC/W 

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise stated) 
J 

Min. Typ. Max. 

-ICBO Collector cut-off current 
-VCB=60V, IE=O BFX29 1.0 500 nA 

-VCB=50V, IE=O BFX87 1.0 500 nA 

-VCB=40V, IE=O BFX88 1.0 500 nA 

-VCB=50V, IE=O BFX29 0.5 50 nA 

-VCB=40V, IE=O BFX87 0.5 50 nA 

-VCB=30V, IE=O BFXBB 0.5 50 nA 

-vcB=50V, IE=O, 

T.=100°c BFX29 
J 

0.03 2.0 µA 

-vcB=40V, IE=O, 

T.=100°C BFX87 0.03 2.0 µA 
J 

-VCB=30V, IE=O, 

T.=100°C BFX88 0.03 2.0 µA 
J 

-IEBO Emitter cut-off current 
-VEB=5.0V, IC=O BFX29 30 500 nA 

-VEB=4.0V, Ic=o BFX87,88 2.0 500 nA 

-VEB=3.0V, Ic=o BFX29,87, 
BFXBB 1.0 100 nA 
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BFX29 
Silicon planar epitaxial transistors BFX87 

BFX88 

ELECTRICAL CHARACTERISTICS (cont'd) 

Min. Typ. Max. 

hFE Static forward current 
transfer ratio 
-Ic=O.lmA, -vcE=lOV BFX29 20 90 

-Ic=l.OmA, -vcE=lOV BFX29,87, 
BFX88 40 105 

-IC= lOmA, -V CE= lOV BFX29 50 125 
BFX87,88 40 125 

-rc=50mA, -vcE=1ov BFX29 50 125 

-IC= 150mA, -V CE= lOV BFX29,87, 
BFX88 40 90 

-Ic=500mA, -vcE=lOV BFX87,88 25 40 

-v Collector-emitter saturation 
CE(sat) 

voltage 
-IC= 150mA, -IB = 15niA 0.15 0.40 v 

-v Base-emitter saturation 
BE(sat) 

voltage 
-Ic=30mA, -IB=l.OmA 0. 77 0.90 v 

-IC= 150mA, -IB = 15mA 1.05 1.30 v 

etc Collector capacitance 
-VCB=lOV, IE=Ie =o, f=l.OMHz 6.0 12 pF 

cte Emitter capacitance 
-VEB=2.0V, Ic=Ic =O, f=l.OMHz 18 30 pF 

fT Transition frequency 
-Ic:=somA, -vcE=1ov, 

'o 
100 360 MHz f=lOOMHz, Tamb =25 C 
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BFX29 
BFX87 
BFX88 l-.;.,._ __ 
ELECTIUCAL CHARACTERISTICS (cont'd) 

Saturated switching times (see test circuits) 

Turn-on time 

Turn-off time toff 

h-parameters 

Min. Typ. Max. 

25 60 

55 150 

Measured at-Ic=lOmA, -VCE=lOV, f=l.OkHz, Tamb =25°c 

Min. Typ. Max. 

hie Input impedance 600 

h 
re 

Voltage feedback ratio 1.50 

hfe Forward current transfer ratio 155 

h 
oe 

output admittance 104 

SOLDERING AND WIIUNG RECOMMENDATIONS 

ns 

ns 

!l 

Xl0-4 

µmho 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may pe dip-soldered at a solder temperature of 245°c for 
a maximum soldering time of 5 secon\ls. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1. 5mm above a board 
having plated-through holes. 

3 . Care should be taken not to bend the leads nearer than 1. 5mm from the 
seal. 

4. If devices are stored at temperatures above 100°c before incorporation 
into equipmen't, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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Silicon planar epitaxial transistors 

TEST CIRCUITS 

Satµrated turn-on switching time 

-~Gu 
_J L son 

200ns 

Fig.1 

Saturated turn-off switching time 

-3~u 
_J L 

200ns 

Fig.2 

BFX29 
BFX87 
BFX88 
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BFX29 
BFX87 
BFX88 l __ _ 

Ptot 
(mW ) 

600 

400 

200 

---++--+ 0 
0 

BFX29 
BFX87 
BFX88 

PermisslbltZ artZa of optZration 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaJCial transistors 
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_________________ l.._. __ sF_x_3_0 __ 

SILICON PLANAR EPITAXIAL TRANSISTOR 

P-N-P transistor in a T0-39 metal envelope intended for switching applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) . 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

D.C. current gain 
-le= 10 mA; -VcE = 0,4 V 

Storage time 
-Icon= 100 mA; -Ison= lsoff = 10 mA 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

5,08 ... 

- 9,4-max 

-Vcso 

-Vern 

-lcM 

Ptot 

hFE 

ts 

-OE . t ~-0,51 
+max 

8,5 = 
max 

L = 
[ s,s_,..1_12.1_/ 

max min nssn2.1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

(115 Products approved to CECC 50 004-083, available on request. 

max. 65 v 
max. 65 v 
max. 600 mA 

max. 600 mW 

typ. 90 
50 to 200 

< 250 ns 

Dimensions in mm 

October 1982 

-

-



-B-FX3-0 _Jl ______ _ 

--

RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO max. 

-VCEO max. 

-VE/30 max. 

-IC max. 

-ICM max. 

-IEM max. 

plot max. (Tamb :S25oC) 

Temperature 

Tstg min. 

Tstg max. 

Tj max. · 

THERMAL CHARACTERISTIC 

65 

65 

5.0 

600 

600 

600 

600 

-65 

200 

200 

v 
v 
v 

mA 

mA 

mA 

mW 

oc 

oc 

oc 

Rth(j-amb) 292 degC/W 

ELECTRICAL CHARACTERISTICS (T. = 25° C unless otherwise stated) 
J 

-v 
BE(sat) 

2 November 1979 

Collector cut-off current 
-VCB=65V, IE=O 

-V CB=50V, IE=O 

-VCB=50V, IE=O, 

T.=100°C 
J 

Emitter cut-off current 
-VEB=5.0V, Ic=o 

-VEB=3.0V, IC=O 

Base-emitter saturation 
voltage 
-Ic=30mA, -IB=l.OmA 

-IC= 150mA, -IB = 15mA 

Static forward current 
transfer ratio 
-Ic=l.OmA, -v CE=0.4V 

-rc=lOmA, -vcE=o.4v 

-rc=50mA, -vcE=0.4V 

-rc=150mA, -vcE=0.4V 

Min. Typ. Max. 

40 

50 

20 

10 

1. 0 500 

0.5 50 

0.03 2.0 

30 500 

1.0 100 

0.77 

1.05 

80 

90 

92 

50 

0.90 

1.30 

200 

nA 

nA 

µA 

nA 

nA 

v 
v 



Silicon planar epitaxial transistor 

ELECTRICAL CHARACTERISTICS (cont'd) 

Collector capacitance 
-VCB=lOV, IE=Ie=O, 

f=l.OMHz 

Emitter capacitance 
-VEB=2.0V, Ic=Ic =o, 

f=l.OMHz 

Saturated switching times (see page 4) 

Min. 

l 
Typ. Max. 

6.0 12 

18 30 

-Ic=lOOmA, -!Bon =IBoff=lOmA, VEE =lOV, VBEoff=2.0V 

td Delay time 9 15 

t Rise time 18 40 r 
t Turn-on time (td +tr) 27 50 on 

t Storage time 95 250 s 

tf Fall time 30 50 

toff Turn-off time (ts +tf) 125 290 

SOLDERING AND WIRING RECOMMENDATIONS 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°c for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least l.5mm above a board 
having plated-through holes . 

3. Care should be taken not to bend the leads nearer than 1. 5mm from the 
seal. 

4. If devices are stored at temperatures above 100° C before incorporation 
into equipment, some deteriqration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 

BFX30 
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BFX30 . j 
ELECTRICAL CHARACTERISTICS (cont'd) 

Saturated switching times 

Test circuit 
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Silicon planar epitaxial transistor 
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Silicon planar epitaxial transistor 
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Silicon planar epitaxial transistor 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a T0-39 metal envelope primarily intended for use as high-current switching device, 
e.g. inverters and switching regulators. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tease= 25 °c 

Junction temperature 

D.C. current gain 
IC)'2A;VcE=2V 

Transition frequency at f = 35 MHz 
le= 0,5 A; VcE = 5 v 

Turn-off time when switched from 
le= 5 A; Is= 0,5 A to cut-off 
with -lsM = 0,5 A 

Vcso 

Vern 

lcM 

Ptot 
T· J 

hFE 

fy 

to ff 

max. 120 v 
max. 60 v 
max. 5,0 A 

max. 5,0 w 
max. 200 oc 

40 to 150 

> 70 MHz 

< 1,2 µs 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

-0= + 
t =-0,51 

+max 
8,5 = 
max 

L = 
[ 6,6 _J __ 12.7 _[ 

5,08 -

- 9,4_ max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56254 (distance disc). 

max min ?Z5932.2., 

~ Products approved to CECC 50 004-025, available on request. 

October 1979 

= 
= 



BFX34 

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

Voltages 

Collector-base voltage (open emitter) VcBO max. 120 v 
Collector-emitter voltage (open base) VcEO max. 60 v 
Emitter-base voltage (open collector) VEBO max. 6 v 

Currents 

Collector current (d.c.) re max. 2.0 A 

Collector current (peak value) ICM max. 5.0 A 

Base current (d. c.) lB max. 1. 0 A 

Power dissipation 

Total power dissipation up to Tease = 25 °c Ptot max. 5.0 w 

up to Tamb = 25 °c Ptot max. 0.87 w 

Temperatures 

Storage temperature Tstg -55 to +200 oc 

junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

Frm junction to ambient in free air Rthj-a 200 °C/W 

From junction to case Rthj-c 35 0 c;w --

2 

11 II March 1971 
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II II 
BFX34. 

CHARACTERISTICS Tj = 25 °c unless otherwise specified 

Collector cut-off current 

VEB = 0; VcE =60 V 1cES < IO µA 

Emitter cut-off current 

le = 0; VEB = 4 V IEBO 
typ. 0.01 µA 
< IO µA 

Saturation voltages 

Ic=5A;Ia=0.5A VcEsat 
typ. o. 77 v 
< 1.0 v 

VBEsat 
typ. 1.43 v 
< 1. 8 v 

D. C. current gain 

le= 1.0 A; VcE = 2.0 v hpE typ. 130 

Ic = 1.5 A; VcE = o. 6 v hpE typ. 60 

Ic = 2.0 A; VcE = 2.0 v hpE 
typ. 110 
40 to 150 

Collector capacitance at f = 1 MHz 

IE =le = O; Vea = 10 v Cc 
typ. 36 pF 
< IOO pF 

-Emitter-capacitance at f =; 1 MHz ---
345 -Ic =le = O; VEB = o. 5 v Ce typ. pF --

Transition frequency at f = 35 MHz 
> 70 MHz 

Ic=0.5A;VcE=5V 
typ. IOO MHz 

Turn on time when switched from 

-VaE = 2. 0 v to Ic = 5 A; la = o. 5 A typ. 0.2 µs 
with IBM= 0.5 A ton < 0.6 µs 

Turn off time when switched from 

Ic = 5 A; IB = o. 5 A to -VBE = 2. 0 v 
typ. 0,34 µs 

with -IBM = 0. 5 A to ff < 1.2 µs 

March 1971 II II 3 
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---

4 
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II II 
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· 11-- BFX34 

103~~!tli~~~~ill~f§l~~~~~Il~~~~l!l~~,,~·I·4~7·m 
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SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-39 metal envelopes for general purpose industrial applications. 

QUICK REFERENCE DATA 

BFX84 BFX85 

Collector-base voltage (open emitter) Vcso max. 100 100 

Collector-emitter voltage (open base) Vern max. 60 60 

Collector current (peak value) lcM max. 1,0 1,0 

Total power dissipation up to Tamb = 25 oc Ptot max. BOO BOO 

Total power dissipation up to Tease = 100 °c Ptot max. 2,86 2,B6 

D.C. current gain > 30 70 
le= 150 mA; VcE = 10 V hFE typ. 112 142 

Transition frequency at f = 35 MHz 
le= 50 mA; VcE = 10 V; Tamb = 25 °c fy > 50 50 

BFX84 
BFX85 
BFX86 

BFX86 

40 v 
35 v 
1,0 A 

800 mW 

2,86 w 
70 

142 

50 MH7 

MECHANICAL DATA Dimensions in mfT1 

Fig. 1 T0-39. 

Collector connected to case 

b 

-5,08 .... 

- 9,4_ max 

-0= + 
t =-0,51 

+max 
8,5 = max 

t = -c 6.6 _1 __ 12.7 _I 
max min ns9n21 

Maximum lead diameter is guaranteed only for 12, 7 mm. 

Accessories: 56245 (distance disc). 

15 Products approved to CECC 50 004-100, available on request. 

October 1982 

-
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BFX84 
BFX85 
BFX86 l __ _ 
RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

BFX84 BFX85 BFX86 

VC00 max. 100 100 40 v 
V CE max. (cut-off,ICSlmA) 100 100 40 v 

VCEO max. 60 60 35 v 

VEBO max. 6.0 v 
IC max. 1.0 A 

ICM max. 1.0 A 

-IE max. 1.0 A 

-IEM max. 1.0 A 

IB max. 100 mA 

:!:IBM max. 100 rnA 

Ptot max. Tambs25°c 800 mW 

T S25°C 5.0 w case 
T > 25, < 100°C 2.86 w case 

Temperature 

Tstg -65 to +200 oc 

T. max. 200 oc 
J 

THERMAL CHARACTERISTICS 

Rth(j-amb) in free air 220 degC/W 

R . 
th(j-case) 35 degC/W 

2 , November 1979 
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BFX84 
Silicon planar epitaxial transistors BFX85 

BFX86 

BFX84 

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated) 
J 

Min. Typ. Max. 

1CBO 
Collector cut-off current 
V CB=lOOV, IE=O 10 500 nA 

0 
VCB=lOOV, IE=O, Tj=lOO C 0.5 30 µA 

VCB=SOV, IE=O 2.0 50 nA 
0 

VCB=SOV, IE=O, TtlOO C 0.1 2.5 µA 

1EBO 
Emitter cut-off current 
VEB=6.0V, rc=O 10 500 nA 

v EB =5.0V' rc=O 2.0 50 nA 

VEB=5.0V, rc=O, T_=l00°c 0.1 2.5 µA 
J 

hFE Static forward current 
transfer ratio 
IC= lOmA, V CE= lOV 20 80 

IC= 150mA, V CE= lOV 30 112 

IC= 500mA, V CE= lOV 20 70 

re= 1.0A, v CE=lOV 15 35 

v Collector-emitter saturation 
CE(sat) 

voltage 
Ic=lOmA, rB=l.OmA 0. 15 0.20 v -
IC= 150mA, IB = 15mA 0.15 0.35 v --IC= 500mA, IB = 50mA 0.35 1.00 v 
IC= 1.0A, IB = lOOmA 0.66 1.60 v 

v Base-emitter saturation 
BE(sat) 

voltage 
Ic=lOmA, rB=l.OmA 0.69 1.2 v 
IC= 150mA, IB = 15mA 0.92 1.3 v 
IC= 500mA, IB = 50mA 1.15 1.5 v 
Ic=l.OA, IB=lOOmA 1.40 2.0 v 

CTc Collector capacitance 
VCB=lOV, IE=re=o, 

f= l.OMHz 7.0 12 pF 

(June 1982 3 
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BFX84 
BFX85 
BFX86 l __ _ 

BFX84 

ELECTRICAL CHARACTERISTICS (contd.) 

Min. Typ. Max. 

fT Transition frequency 
Ic=50mA, v ci=1ov, 

f=35MHz T =25°C 
' amb 

50 140 MHz 

Saturated switching times 

IC= 150mA, ~(on)= -~(off)= 15mA, 

-VEE =lOV, -VBE(off) =2.0V 

td Delay time 15. ns 

t Rise time 40 Ill:! 
r 

t Turn-on time 55 ns 
on 

t storage time 300 ns 
s 

tf Fall time 60 ns 

toff Turn-off time 360 ns 

h-parameters 

hfe Ic.=1.0mA, VCE=5.0V, 

f=l.OkHz T =25°C 
' amb 

10 65 

\e 
750 [l 

h Ic=lOmA, v CE=5.0V, 0.85 5.0 Xl0-4 
re 

hfe f=l.OkHz, Tamb =25°c 15 80 

h 35 80 µmho 
oe 

,,,. ,, .. I 
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BFX84 
Silicon planar epitaxial transi1tors BFX85 

BFX86 

BFX86 

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated) 
J 

Min. Typ. Max. 

\:BO 
Collector cut-off current 
VCB=lOOV, IE=O 10 500 nA 

0 
VCB=lOOV, IE=O, Tj=lOO C 0.5 30 µA 

VCB=SOV, IE=O 2.0 50 nA 

V CB=SOV, IE=O, T.=100°C 0.1 2.5 µA 
J 

1EBO 
Emitter cut-off current 
VEB=6.0V, IC=O 10 500 nA 

V EB= 5. OV, IC= 0 2.0 50 nA 

VEB=5.0V, IC=O, T.=100°C 0.1 2.5 µA 
J 

hFE Static forward current 
transfer ratio 

IC= lOmA, V CE= lOV 50 90 

IC= 150mA, V CE= lOV 70 142 

Ic=500mA, VCE=lOV 30 90 

Ic=l.OA, VCE =lOV 15 50 

v Collector-emitter saturation 
CE(sat) 

voltage 
IC= lOmA, IB = 1 .. OmA 0. 15 0. 20 v - -
IC= 150mA, IB = 15mA 0.15 0.35 v -
IC =500mA, IB = 50mA 0.35 1.00 v 
IC= 1. OA, IB = lOOmA 0.66 1.60 v 

v Base-emitter saturation 
BE(sat) 

voltage 
IC= lOmA, .IB = 1. OmA 0.69 1.2 v 
IC= 150mA, IB = 15mA 0.92 1.3 v 
IC= 500mA, IB = 50mA 1.15 1.5 v 
Ic=l.OA, IB=lOOmA 1.40 2.0 v 

CTc Collector capacitance 
VCB=lOV, IE=Ie=o, 

f= l.OMHz 7.0 12 pF 

5 



BFX84 
BFX85 
BFX86 

BFX85/BFX86 

ELECTRICAL CHARACTERISTICS (contd.) 

Min. Typ. Max. 

fT Transition frequency 
IC= 50mA, V CE= lOV, 

f=35MHz T =25°c 
' amb 

50 185 MHz 

Saturated switching times 

IC= 150mA, IB(on) = -IB(off) = 15mA, 

-VEE= lOV, -V BE(off) =2.0V 

td Delay time 15 ns 

t Rise time 40 ns 
r 

t Turn-on time 55 ns 
on 

- t Storage time 300 ns 
s 

tf Fall time 60 ns 

toff Turn-off time 360 ns 

h-parameters 

hfe Ic=l.OmA, VCE=5.0V, 

f=l.OkHz T =25°c 
' amb 

20 65 

- _..,. 
h. 750 Q 

ie 
5.0 x 10-4 h Ic=lOmA, VCE=5.0V, 0.85 

re 

hfe f= 1.0kHz T = 25°C 
' amb 

25 80 

h 35 80 µmho 
oe 

6 June 1982 
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BFX84 
BFX85 
BFX86 

MEASUREMENT OF SATURATED SWITCHING TIMES 

Test circuit 

V,-'Jl 
1.0ps CRO 

I -150mA I --I a15mA c ' BConl B(off) 

-v89 -1G.5v 

-VBE(off) = 2. 0 V 

Switching waveforms 

Input 

Output 

20V ----i:_-90•1. 

: ' 

0 I 
I I 
I t I t I 
1-on----l r- off---t 

I I 
I I I ---+, --...1 I 1---

100/0 - - - - -1- - - _I 
I I : 
I I I 
I I I 
I I I 
I : I 

90°/o ___ J. __ __,_ --

1 I 
I I 
I t . I 
i--"d-i 

----j tr !---

I 
I 

--1-- -10°/o 
----'I I I 

1.-.t I I 
I s-1 I 

-...Jtf l-

8 November 1979 
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Silicon planar epitaxial transistors 
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BF-'<84 
BFX85 
BFX86 
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Silicon planar epitaxial transistors 
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BFX84 
BFX85 
BFX86 l __ _ 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaicial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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P-N-P SILICON PLANAR EPITAXIAL TRANSISTORS 

For data of these transistors please refer to type BFX29. 
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BFY50 
BFY51 
BFY52 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-39 metal envelopes intended for general purpose industrial applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 oc 

Total power dissipation up to T case = 100 °c 

D.C. current gain 
le= 150 mA; VcE = 10 V 

Transition frequency at f = 35 MHz 
IC = 50 mA; V CE = 10 V; T amb = 25 °c 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

5,08 -

- G,4 -max 

b 

BFY50 BFY51 

VcBO max. 80 60 

Vern max. 35 30 

lcM max. 1,0 1,0 

Ptot max. 800 800 

Ptot max. 2,86 2,86 

> 30 40 
hFE typ. 112 123 

fT > 60 50 

-0= + 
t ==0,51 

+max 
8,5 = 
max 

L = 
L 6.6 __ 1 __ 12.7 _I 

max min ns9n21 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

~ Products approved to CECC 50 002-089, available on request. 

BFY52 

40 v 
20 v 
1,0 A 

800 mW 

2,86 w 

60 
142 

50 MHz 

Dimensions in mm 

-

-
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BFY50 
BFY51 
BFY52 l ___ _ 
RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

BFY50 BFY51 BFY52 

VC00 max. 80 60 40 v 
V CE max. (cut-off,IC::SlmA) 80 60 40 v 

VCEO max. 35 30 20 v 

VEBO max. 6.0 v 
IC max. 1.0 A 

ICM max. 1.0 A 

-IE max. 1.0 A 

-IEMmax, 1.0 A 

IB max. 100 mA 

=IBM max. 100, mA 

ptot max. Tamb::S25oC 800 mW 

T ::s25°c 
case 5.0 w 

T >25, <100°C 
case 2.86 w 

Temperature 

Tstg -65 to +200 oc 

T. max. 200 oc 
J 

THERMAL CHARACTERISTICS 

Rth(j-amb) in free air 220 degC/W 

R , 
th(j-case) 35 degC/W 

2 -.mbo'19791 
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BFY50 
BFY51 
BFY52 l __ _ 
BFY50 

ELECTRICAL CHARACTERISTICS (contd.) 

Min. Typ. Max. 

fT Transition frequency 
IC= 50mA, V CE= lOV, 

f = 35MHz T = 25°C 60 140 MHz 
' ' amb 

Saturated switching ~imes 

IC= l 50mA, IB(on) = -IB(off) = 15mA,;__ 

-VEE=lOV, -VBE(off)=2.0V / 

td Delay time 15 ns 

t v Rise time 40 ns 
; r\ 
t'on Turn-on time 55 ns 

t 
s 

Storage time 300 ns 

t ', Fall time 60 ns 
f 

toff Turn-off time 360 -\ ns 
' 

h-parameters 

hfe \:, rc=l.OmA, VCE=5.0V, 

f= 1. OkHz T = 25°c 
' amb 

10 65 

- \e 

} 
750 Q 

h rc=lOmA, VCE=5.0V, 0.85 5.0 Xl0-4 
re 

hfe f=l.OkHz T =z5°c 15 80 
' amb 

h 35 80 µmho 
oe 

J""' ''"' i 
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BFY50 
Silicon planar epitaxial transistors BFY51 

BFY52 
I 

BFY61 
0' ' 

ELECTRICAL CHARACTERISTICS (T. =25 C unless otherwise stated) 
J 

Min. Typ. Max. 

ICBO Collector cut-off current 
VCB=60V, IE=O 10 500 nA 

0 
VCB=60V, IE=O, TtlOO C 0.5 30 µA 

VCB=40V, IE=O 2.0 50 nA 

VCB=40V, IE=O, T.=100°C 0.1 2.5 µA 
J 

1EBO 
Emitter cut-off current 
VEB=6.0V, Ic=O 10 500 nA 

V EB =5.0V, IC =O. 2.0 50 nA 
0 

VEB=5.0V, Ic=O, Tj=lOO C 0.1 2.5 µA 

hFE Static forward current 
tr.ansfer ratio 
IC= lOmA, V CE= lOV 30 85 

Ic=l50mA, vcE=lOV 40 123 

IC= 500mA, v CE= 1oy 25 79 

Ic=l.OA, VCE=lOV 15 40 

~CE(sat) Collector-emitter saturation 
voltage 
IC =lOmA, IB=l.OmA o. 15 o. 20 v -- --IC= 15QmA, IB = 15mA 0.15 0.35 v 

IC= 500mA, IB = 50mA 0.35 1.00 v 

IC= 1. OA, IB = lOOmA 0.66 1.60 v 

VBE(sat) Base-emitter saturation 
voltage 
IC =lOmA, IB=l.OmA 0.69 1.2 v 

IC= 150mA, IB = 15mA 0.92 1.3 v 

IC= 500mA, IB = 50mA 1.15 1.5 v 

Ic=l.OA, IB=lOOmA 1.40 2.0 v 

CTc Collector capacitance 
V CB=lOV, IE=I8 =O, 

f=l.Ol\iHz 7.0 12 pF 

6 
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BFY50 
BFY51 
BFY52 

BFY5 l /BFY 52 

ELECTRICAL CHARACTERISTICS (contd.) 

fT Transition frequency 

Ic=50mA, VCE=lOV, 

f=35MHz, T b =25°C 
am 

Saturated switching times 

IC= 150mA, IB(on) = -IB(oft) = 15mA, 

-VEE= lOV, -V BE(off) = 2. OV 

td Delay time 

t Rise time 
r 

t Turn-on time 
on 

t storage time 
s 

tf Fall time 

t off Turn-off time 

h-parameters 

hf e Ic=l.OmA, VCE=5.0V, 

f=l.OkHz, T b=25°C 
am 

h. 

1 

ie 

h IC= lOmA, V CE=5.0V, 
re 

hfe f=l.OkHz T =25°c 
' amb 

h 
oe 

June 1982 

Min. Typ. Max. 

50 MHz 

15 ns 

40 ns 

55 ns 

300 ns 

60 ns 

360 ns 

20 65 

750 Q 

0.85 5.0 Xl0-4 

25 80 

35 80 µmho 
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BFY50 
Silicon planar epitaxial transistors BFY51 

BFY52 

BFY52 

ELECTRICAL .CHARACTERISTICS (T. = 25°C unless otherwise stated) 
J 

Min. Typ. Max. 

ICBO Collector cut-off current 
VCB=40V, IE=O 10 500 nA 

VCB=40V, IE=O, T.=100°C 0.5 30 µA 
J 

VCB=30V, IE=O 2.0 50 nA 

V CB=30V, IE=O, T. =100°C 0.1 2.5 µA 
J 

IEBO Emitter cut-off current 
V EB=6.0V, Ic=O 10 500 nA 

V EB =5.0V, IC =O '2.0 50 nA 

VEB=5.0V, Ic=o, T.=100°C 0.1 2.5 µA 
J 

hFE Static forward current 
transfer ratio 

Ic=lOmA, VCE=lOV 30 90 

IC =150mA, VCE=lOV 60 142 

Ic=500mA, VCE=lOV 30 90 

Ic=l.OA, vcE=lOV 15 50 

v Collector-emitter saturation 
CE(sat) voltage 

Ic=lOmA, IB=l.OmA 0. 15 0.20 v -
IC=150~A, IB= 15mA 0.15 0.35 v 

Ic=500mA, IB=50mA 0.35 1.00 v 

IC= 1. OA, IB = lOOmA 0.66 1.60 v 

v Base-emitter saturation 
BE(sat) 

voltage 
Ic=lOmA, IB=l.OmA 0.69 1.2 v 

IC= 150mA, IB = 15mA 0.92 1.3 v 

IC = 500mA, IB = 50mA ·1.15 1.5 v 

Ic=l.OA, IB=lOOmA 1.40 2.0 v 

CTc Collector capacitance 
vcB=lOV, IE=Ie=O, 

f= 1.0MHz 7.0 12 pF 

('""' ,,., 7 
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BFY50 
BFY51 
BFY52 

MEASUREMENT OF SATURATED SWITCHING TIMES 

Test circuit 

v.Jl 
1.0ps 

I ·150mA I )·-I ·15mA 
C 1 B!on B(off) 

-VBECoff) • 2. 0 V . 

Switching waveform• 

Input 

Output 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silison planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in T0-39 metal case with the collector connected to the case. It is primarily intended 
for use in high frequency and very high frequency oscillators and amplifiers as well as for output stages 
of servo amplifiers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
le= 150 mA; VcE = 10 V 

Transition frequency 
le= 50 mA; VcE = 10 V 

Collector-emitter saturation voltage 
le= 1 A; Is= 100 mA 

Vcso 

VcEO 

le 

Ptot 

Tj 

hFE 

fT 

VcEsat 

max. 80 v 
max. 35 v 
max. 1 A 

max. 800 mW 

max. 200 °c 

> 40 

> 60 MHz 

< 1 v 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

5,08 +

- 9,4_ max 

-0= + 
t =-0,51 

+max 
~~x = 
L = 

L 6,6 -1-- 12,7 _I 
max min ns9J2.2.1 

Maximum lead diameter is guaranteed only for 1_2,7 mm. 

Accessories: 56245 (distance disc). 

October 1979 
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BFY55' 

II II 
RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) Vrno max. 80 v 
Collector-emitter voltage (open base) VcEo max. 35 v 
Emitter-base voltage (open collector) VEBO max. 7 v 

Currents 

Collector current (d. c.) Ic max. 1 A 

Collector cuq·ent (peak value) IcM max. 1 A 

Emitter current (d. c.) -IE max. 1 A 

Emitter current (peak value) -IEM max. 1 A 

Power dissipation (See also page 4) 

Total power dissipation up to Tamb = 40 °c Ptot , max. 4 w 
Total power dissipation without cooling fin 

up to Tamb = 25 °c Ptot max. 0.8, w 

Temperatures 

Storage temperature Tstg -65 to +200 oC 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to, a.rrlbient in free air Rth j-a 0.22 0 c/mW 

From junction to case Rth j-c 0.035 0 c/mW 

1) Limiting values according to the Absolute Maxim1,1m System as defined in 
IEC publication 134. 

2 

II II 
June 1968 
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CHARACTERISTICS Tj = 25 °c unless otherwise specified 

Collector cut-off current 

IE = 0; V CB = 60 V 

IE= 0; VCB = 60 V; Tj = 150 °c 

Emitter cut-off current 

I(; = O; V EB - 5 V 

Saturation voltages 

le = 150 mA; IB = 15 mA 

Ic = l A; IB = 100 mA 1)2) 

Sustaining voltage 

Ic = 30 mA; IB = O 2) 

D. C. current gain 2) 

le = 10 mA; V CE= 10 V 

re= 150 mA; vcE = 10 v 

le = l A; V CE = 10 V 

Feedback time constant 

le = 10 mA; v CB = 10 V; f = 4 MHz 

Collector capacitance at f = 500 kHz 

IE = le = O; V CB = .10 V 

Emitter capacitance at f = 500 kHz 

le = le = o; v EB = o . 5 v 

Transition frequency 

le = 50 mA; v CE = 10 v . 

1) Measured with a lead length of l cm. 

IcBo < 10 

IcBo < 10 

IEBO < 10 

VcEsat < 0.2 

VcEsat < 1.0 

VBEsat < l. 6 

VcEOsust > 35 

hpE > 30 

hpE 40 to 120 

hpE > 15 

rb'Cc < 800 

cc !<: 12 

Ce < 80 

fT > 60 

2) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration = 300 µs; duty cycle c5 < 0. 0 l 

June 1968 
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BFY55 
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Heatsink material 2mm blackened aluminium 
Mounted with accessory 56216 (non insulated) 
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BFY55 
II 11 
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SILICON CONTROLLED SWITCH 

The BR101 is a planar p-n-p-n switch in a T0-72 metal envelope, intended for time base circuits and 
other television applications. It is also suitable as trigger device for thyristors. It is an integrated p-n-p/ 
n-p-n transistor pair of which all electrodes are accessible. The collector of the n-p-n transistor is con
nected to the case. 

QUICK REFERENCE DATA 

p-n-p transistor 

Emitter-base voltage (open collector) 

n-p-n transistor 

Collector-base voltage (open emitter) 

Repetitive peak emitter current (peak value) 

Total power dissipation up to T amb = 25 oc 

Junction temperature 

Forward on-state voltage 
IA= 50 mA; IAG = O; RKG-K = 10 kil 

Holding current 
IAG = 10 mA; -Vss = 2 V; RKG-K = 10 kil 

MECHANICAL DATA 

Fig. 1 T0-72. 

Collector of the n-p-n transistor (ag = anode gate) connected to the case 

-VEBo 

Vcso 

-IERM 

Ptot 

Tj 

VAK 

IH 

max. 50 v 

max., 50 v 
max. 2,5 A 

max. 275 mW 

max. 150 oc 

< 1,4 v 

< 1,0 mA 

Dimensions in mm 

~1' [ ~I====== 
I ... ~~x __ J_ 12,7min __ 1,,som.1 a 

ag ..., 2,54._. 

--J~x-.. 

Accessories: 56246 (distance disc). 

( o'"'"' 1979 
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BR101 

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

Voltages p-n-p n-p-n 

Collector-base voltage (open emitter) VcBO max. -50 50 v 
Collector-emitter voltage (RBE = 10 kQ) 'VcER max. 50 v 
Collector-emitter voltage (open base) VcEO max. -50 v 
Emitter-base voltage (open collector) VEBO max. -50 5 1) v 

Currents 

Emitter current (d. c.) IE max. 175 -175 mA 

Repetitive peak emitter current 
tp = 10 µs; li = 0,01 lERM max. 2,5 -2,5 A 

Collector current (d. c.) Ic max. 175 2) mA 

Collector current (peak value) lcM max. 175 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Ptot max. 275 mW 

Temperatures 

Storage temperature Tstg -65 to +200 oc 

Operating junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient Rth j-a 0,45 0 c;mw ------

1) Exceeding of this voltage is allowed during the discharge of a capacitor of max. 390 pF, 
provided the charge does not exceed 50 nC. · 

2) Provided the IE rating will not be exceeded. 

2 II II August 1972 
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BR101 

MEANING OF SYMBO.LS , used in the schematic presentation of the S. C. S. 

2 transistors equivalent circuit 
n-p-n transistor+ p-n-p transistor 

a (anode) 
(ez) 

PNP transistor 1---..--0 ag (anode gate) 

kg (cathode gate) 
(b1, Cz) 

(c1, b2) 

NPN transistor 

k (cathode) 

S. C. S. symbol 

CHARACTERISTICS 

Individual N-P-N transistor 

Collector cut-off current 

(e1l ns11so 

VcE = 50 V; RaE = 10 kQ 

VcE = 50 V; RaE = 10 kQ; Tj = 150 °c 

/ Emitter cut-off current 

/ 
le= 0; VEB = 5 V; Tj = 150 °c 

August 1972 
11 

a 

p-n-p-n S. C. S. equivalent circuit 

ez 

p 

N N cl> b2 

p p 

N 

e, 7261149 

j 
72613791 

Tj = 25 °c unless otherwise specified 

ICER < 0,5 µA 

IcER < 50 µA 

lEBO < 50 µA 

II .. 3 
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BR101 

II 
CHARACTERISTICS {continued) Tj = 25 °c unless otherwise specified 

Individual N-P-N transistor 

Saturation volta~s 

VcEsat < 500 mV le = 10 mA; IB = 1 mA 
VBEsat < 900 mV 

D. C. current gain 

le= 10 mA; VcE = 2 V hpE > 50 

Transition frequency 

le= 10 mA; VcE = 2 V fT typ. 300 MHz 
Collector capacitance 

IE= le= 0; VcB = 20 v . Cc < 5 pF 

Emitter capacitance 

le= le= 0; VEB = 1 v Ce < 25 pF 

Individual P-N-P transistor 

Collector cut-off current 

IB = O; -VcE = 50 V; Tj = 150 °c -IcEO < 50 µA 

Emitter cut-off 'current 

le= 0; -VEB = 50 V; Tj = 150 °c -lEBO < 50 µA 

D. C. current gain 

IE=lmA;VcB=O hpE 0,25 to 2,5 --- Combined device ---- Forward on-state voltag:e at RKG-K = 10 kQ 

IA = 50 mA; lAG = 0 VAK < 1,4 v 
IA= 1 mA; lAG = 10 mA VAK < 1,2 v 

Holding current at RKG-K = 10 kQ 

lAG = 10 mA; -VBB = 2 V lH < 1,0 mA 

4 II December 1972 
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PROGRAMMABLE UNIJUNCTION TRANSISTOR 

The BRY39 is a planar p-n-p-n trigger device in a T0-72 metal envelope, intended for use in switching 
applications such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 

QUICK REFERENCE DATA 

Gate-anode voltage 

Anode current (d.c.) up to Tease= 85 °c 

Operating junction temperature 

Peak point current 
Vs= 10 V; RG = 10 kll 

Valley point current 
Vs= 10 V; RG = 10 kll 

MECHANICAL DATA 

Fig. 1 T0-72. 

Anode gate (ag) connected to case 

0 .... 2,54._ 
ag 

Accessories: 56246 (distance disc). 

VGA max. 70 v 

IA max. 250 mA 

Tj max. 150 oc 

Ip < 5 µA 

Iv > 25 µA 

Dimensions in mm 

+os1 +max t_[ ~t==== 
L ... 5,3 -..1- 12,7min _I nso??a.1 

max 

October 1982 

--
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RATINGS 

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

Gate-anode voltage VGA 

Anode current (d.c.) up to Tamb = 25 °c IA 

Anode current (d.c.) up to Tease= 85 °c 

Repetitive peak anode current 
t = 10 µs; ll = 0,01 

Non-repetitive peak anode current 
t= 10µs;Tj= 15ooc 

Rate of rise of anQde current 
up to I A = 2,5 A 

IARM 

IASM 

di A 

dt 

max. 70 v 
max. 175 mA 

max. 250 mA 

max. 2,5 A 

max. 3 A 

max. 20 A/µs 

Storage temperature Tstg 

Tj 

-65to+200 oc 

Operating junction temperature 

THERMAL RESIS'Y°ANCE 

From junction to ambient in free air 

From jum:tion to case 

EXPLANATION OF SYMBOLS 

Rth j-a 

Rth j-c 

max. 150 oc 

450 K/W 

150 K/W 

For application of the 8RY39 as a programmable unijunction transistor only the anode gate is used. 
To simplify the symbols the term gate instead of anode gate will be used. 

anode 
a 

~~~'''''" 
cathode g~~~ 

k 
cathode ?Z60690,2 

Fig. 2. 

2 November 1979 

anode 
a 

cp-: ... 
k 

cathode ns22s3 

Fig. 3. 



Programmable unijunction transistor 

CHARACTERISTICS 

Tamb=25 oc 

Peak point current 
Vs= 10 V; RG = 10 kn 

Vs= 10 V; RG = 1 Mn 

Valley point current 
Vs= 10 V; RG = 10 kn 

Vs= 10 V; RG = 1 Mn 

+40V 

+ 
100µF 

Fig. 4 Practical test circuit: 

--~----------l ..... __ s_R_Y_3_9 __ --: 

Ip 

Ip 

< 
< 

> 
< 

5 µA 

1 µA 

25 µA 

50 µA 

100k0 10k0 

7Z612031 = -
1. Remove BCY71 during measurement of Ip. 
2. Value of R1 depends on the voltage range of voltmeter. 

+Va 

Fig. 5 BRY391 with "program" 
resistors R 1 and R2. · 

7261194 

Fig. 6 Equivalent test circuit 
for characteristics testing. 

November 1979 3 
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Gate-anode leakage current (see Fig. 7) 
, I K = O; VGA = 70 V 

Gate-cathode leakage current (see Fig. 8) 
VAK=O;VGK=70V 

Offset voltage (see Figs 9 and 16) 
Voffset = Vp- Vs (IA= 0) 

IGAOj IITT"b+ fl!_JGA 
7261192 

Fig. 7. 

Fig. 8. 

Anode voltage 
IA= 100mA 

Peak output voltage (see Figs 1 O and 11 I 
VAA = 20 V; C = 0,2 µF 

Rise time (see Figs 10 and 11 I 
VAA=20V;C=10nF 

16kQ 

c 

Fig. 10. 

November 1979 r 

10 nA 

100 nA 

726119!5 

Fig. 9. 

1,4 v 

VoM > 6 v 

< 80 ns 

Vo 

VoM. 
7261116 

90% -----

Fig. 11. 



Programmable unijunction transistor 

10 7Z61199 

typical values 
lamb=25°C 

I= I-

RG=1 kfi 

1ikf 

1ookn l=R 

1M!l.-t-t-1 

10 20 Vs (VI 30 

Fig. 12. 

10Jl=§§~~~a~~~r;.~"~"~"1'§ I= typical values I= 
........ -+--+--+-+--+-+---! lamb= 2 s•c f-

I I I 
v H-+-+-+-l-1 ....,.-bl"""Fl--l++'RG=J1 kl!l. 1-1-(pA I l"'""I 

l-+~--b~~--l-t--l--l--~~+Ok4h--l-+-l 

102mmm~m~ 
-I- 1ookn 

1 .............. _.__.__._.._. ........ _.__.__._ ..................... 

0 10 20 Vs (VI 30 

Fig. 14. 

Fig. 13. 

104§§~~~§§~~~~"~'§'"t'§ 
t-t-+--+--+-+-+-+-t typical values l=1 

Iv 
l11Al 

Vs=10V H 

,.... 

l-'N~+...i:::+:-...-l-t--tt-1--=F"!'--~i-:±::-f100kn 
~ -i-t-1 I 

10 ._._.._.__.__._.._. ........ _.__._..__._r-_.1_M.._!l.__. 

-50 0 SO lamb (°CJ 100 

Fig. 15. 
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30 

Vo 
IV) 

20 

10 

0 
0 

2 

Voffset 
(V) 

1.5 

~ 

7Z61200 

typical values I-
Vs=10V 

' ~RG=1M.!l. ~ 
Nii.. _A 
~ 

0.5 100k:n 

VAA 

1 
1' 1,6 Mil 

0 
-so 

1sknQ 

-i:u.T.@ 
c* !--+Vo 

2on~ 27kn~ 
~ 7Z61193 
~ 

~ 

!..-

~ lid 1-'1 

10 

1-1"'1 

~ 10k.n. 
1:::::1:::: ts3 
~ 

0 50 Tambl"cl 100 

Fig. 16. 

7Z61202. 

.l .l .l 
typical values H 

Tamb=25°C H 

.l.l.l 
Cf2';;6nFI-"' 

t-

~ l01nFt-

~O~F 
~ 

~ J.ol 

l"I 1nF H 

20 30 VAA (VI 40 

Fig. 17. 
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SILICON CONTROLLED SWITCH 

The BRY39 is a planar p-n-p-n switch in a T0-72 metal envelope, intended for switching applications. 
It is an integrated p-n-p/n-p-n transistor pair, with all electrodes accessible. 

QUICK REFERENCE DATA 

p-n-p transistor 

Emitter-base voltage (open collector) 

n-p-n transistor 

Collector-base voltage (open emitter) 

Repetitive peak emitter current 

Total power dissipation up to T amb = 25 °c 

Operating junction temperature 

Forward on-state voltage 
IA= 50 mA; IAG = O; RKG-K = 10 kn 

Holding current 
IAG = 10 mA; -Vss = 2 V; RKG-K = 10 kil 

Turn-on time 

Turn-off time 

MECHANICAL DATA 

Fig. 1 T0-72. 

Collector of the n-p-n transistor (ag = anode gate) connected to the case 

-VEBo 

Vcso 

-IERM 

Ptot 

Tj 

VAK 

IH 

tan 

tq 

max. 70 v 

max. 70 v 
max. 2,5 A 

max. 275 mW 

max. 150 oc 

< 1,4 v 

< 1,0 mA 

< 0,25 µs 

< 5,0 µs 

Dimensions in mm 

~.DI====== 
1 ... ri~x_J_ 12,7min _1,zsom1 

-- 5,8 -max 

Accessories: 56246 (distance disc). 
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BRY39 J 
RATINGS 

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

p-n-p n-p-n 

Collector-base voltage (open emitter) Vcso max. -70 70 v 
Collector-emitter voltage (RsE = 10 kQ) VcER max. 70 v 
Collector-emitter voltage (open base) VcEO max. -70 v 
Emitter-base voltage (open collector) VEBO max. -70 5 v 
Collector current (d.c.) * tc max. 175 mA 

Collector current (peak value) ** lcM max. 175 mA 

Emitter current (d.c.) IE max. 175 -175 mA 

Repetitive peak emitter current IERM max. 2,5 -2,5 A 
~---

Total power dissipation up to T amb = 25 oc Ptot max. 275 mW 

Storage temperature Tstg -65 to+ 200 oc 

Operating junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 450 K/W 

Provided the IE rating is not exceeded. 
During switching on, the device can withstand the discharge of a capacitor of maximum value of 
500 pF. This capacitor is charged when the transistor is in cut-off condition, with a collector 
supply voltage of 160 V and a series resistance of 100 kQ. 

Oc<ob~ 19791 



--S-i-li-co_n_c_o_n-tr_o_ll-ed-sw-i-tc_h ________________ ._ .. ,- ~'---B-R_Y_3_9---~ 
SYMBOLS AND EQUIVALENT CIRCUIT 

PNP transistor 

kg (cathode gate) 
(bh Cz) 

1-----<> ag (anode gate) 
(c1, b2l 

NPN transistor 

k (cathode) 
(e1l 7Z61tSO 

Fig. 2 Two transistor equivalent circuit. 

a 

p 
N N 
p p 

N 

7Z61149 

Fig. 3 P-N-P-N silicon controlled switch 
structure. 

1 

7Z613791 

Fig. 4 Silicon controlled switch symbol. 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Individual n-p-n transistor 

Collector cut-off current 
Vee= 70 V; RsE = 10 k.n 

Vee= 10 v; Ree= 10 k.n; Ti= 150 oe 

Emitter cut-off current 
le=O; ve8 = 5 V;Ti = .15ooe 

Saturation voltages 
le= 10 mA; Is·= 1 mA 

D.C. current gain 
le= 10 mA; Vee= 2 V 

Transition frequency 
le= 10 mA; Vee= 2 V 

leeR 

leER 

< 
< 

leso < 

Veesat < 
Vsesat < 

100 nA 

10 µA 

10 µA 

500 mV 
900 mV 

> 50 

typ. 300 MHz 

Optober 1979 3 
\ 
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Collector capacitance 
IE= le= O; Vea= 20 v 

Emitter capacitance 
le= le= 0; VEB = 1 v 

Individual p-n-p transistor 

Collector cut-off current 
18 =0;-VcE=70V;Ti= 15ooc 

Emitter cut-off current 
.le= 0; -VEB = 70 V; Tj = 150 oc 

D.C. current gain 
IE = 1 mA; V CB = 0 

Combined devfoe . 

Forward on-state voltage at RKG-K = 10 k!l 
IA= 50 mA; IAG = 0 

IA= 50 mA; IAG =O;Tj = -55 oc 

IA= 1 mA_; JAG= 10 mA 

Holding current at RKG-K = 10 k!l (see Fig. 5) 
IAG = 10 mA; -V_BB = 2 V 

VeeT 

o, .. ,,,,, 19791 

7Z64477 

Fig. 5. 

< 5 pF 

< 25 pF 

-lcEO < 10 µA 

-IEBO < 10 µA 

0,25 to 2,5 

< 
< 
< 

< 

1,4 v 
1,9 v 
1,2 v 

1,0 mA 



Silicon controlled switch 

Switching times (see Figs 6 to 11) 

Turn-on time when switched from 
-VKG-K = 0,5 V to+ VKG-K = 4,5 V 
RKG-K = 1 kn 

RKG-K = 10 kn 

7Z6299£. 

Fig. 6. 

Turn-off time (see also Figs 8 and 9) 
RKG-K =. 1 kn 

RKG-K = 10 kn 

RKG-K = 10 kn; Tj = 125 oc 

mercury 
wetted 
contact 

Fig. 8. 

+SOV 

VAK 

IV! 
12 

-12 

v, 
IVI 
4,5 

0 
-0,S 

ton < 0,25 µs 

ton < 1,50 µs 

t 
900/o 

J 100/o i time 
+ 

---- ton ______.1 

Fig. 7 Pulse duration increased until 
dashed curve disappears. 

< 
< 
< 

H62995 

5 µs 

8 µs 

15 µs 

Fig. 9 Capacitance increased until at C = Copt 
dasl;ied curve disappears. 

--

5 
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7Z62986 

see page 5 1-+---+--+-+-+-1-1--+--+--1 

1 t--t-+--+--+-+-t-+--+--+-+-+-1-l--+-t 

ton l-i--+--+--+-+-1-+--+--+--+-+-+--+--+-1 
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Silicon controlled switch BRY39 
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~ h.. -....,... 
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BRY39 l __ _ 
7262984 7Z62990 

'•l 
I AG = 5 mA t--1 '•• t--t--+++---t-+-t--+4 

100 1--+--1--1-+-11-+4 T amb = 25 °C H 400 tWs- •1--+---11lf-+--+-+-1-+4 
RKG-K ..WTUT ! 
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(mA) -VBB=O to 5"'!_..::,~ (mV) ~ _j_ _j_ lOmA 
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£ kg k _Le 
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Silicon controlled switch 
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Fig. 22 Thermal impedance from junction to ambient versus pulse duration. 
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BRY39 l __ _ 
7Z61380 1 
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THYRISTOR TETRODE 

The BRY39 is a planar p-n-p-n trigger device in a T0-72 metal envelope, intended for use in low-power 
switching applications such as relay and lamp drivers, sensing network for temperature and as a trigger 
device for thyristors and triacs. 

QUICK REFERENCE DATA 

Repetitive peak voltages 

Average on-state current 

Non-repetitive peak on-state current 

MECHANICAL DATA 

Fig.1 T0-72; Anode gate connected to case. 

VoR·M=VRRM 

IT(AV) 

ITSM 

max. 

max. 

max. 

70 v 
250 mA 

3 A 

Dimensions in mm 

+o,s1 
+max ~J Ill==== 

I .. J~x -.1- 12,7min _1 n&om.1 

anode 
a 

~:~."
cathode g~i~ 

k 
cathode 7%60690.2 

Accessories supplied on request: 56246 (distance disc). 

( a ... •~,.., 
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BRY39 J 
RATINGS 

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

Anode to cathode 

Non-repetitive peak voltages VosM = VRsM max. 70 v• 
Repetitive peak voltages VoRM=VRRM max. 70 v· 
Continuous voltages Vo=VR max. 70 v· 
Average on-state current up to Tease= 85 °c IT(AV) max. 250 mA 

in free air up to T amb = 25 °c IT(AV) max. 175 mA 

Repetitive peak on-state current 
t= 10 µs; 6 = O.Q1 ITRM max. 2,5 A 

Non-repetitive peak on-state current 
t = 10 µs; Ti= 150 oc prior to surge ITSM' max. 3 A 

Rate of rise of on-state current after dlT 
triggering to IT= 2.5 A 

dt 
max. 20 A/µs 

Cathode gate to cathode 

Peak reverse voltage VRGKM max. 5 v 
Peak forward current . IFGKM max. 100 mA 

Anode gate to anode 

Peak reverse voltage VRGAM max. 70 v 
Peak forward current IFGAM max. 100 mA 

Temperatures 

Storage temperature Tstg -65 to +200 oc 

Operating junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 450 K/W 

From junction to case Rth j-c 150 K/W 

*These ratings apply for zero or negative bias on the cathode gate with respect to the cathode, and 
when a resistor R ~ .10 kil is connected between cathode gate and cathode. 
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Thyristor tetrode J BRY39 

CHARACTERISTICS 

Anode to cathode 

On-state voltage 
Ir= 100 mA; Tj = 25 oc Vr < 1.4 V* 

Rate of rise of off-state voltage dVo** 
that will not trigger any device dt 

Reverse current 
JR 

typ. 1 nA 
V R = 70 V; Tj = 25 oc < 100 nA 

Tj= 150 oc IR < 2 µA 

Off-state current typ. 1 nA 
Vo= 70 V; Tj = 25 oc lo < 100 nA 

Tj = 150 oc lo < 2 µA 

Holding current 
RGK = 10 kU; RGA = 220 kU; Tj = 25 oc IH < 250 µA 

Cathode gate to cathode 

Voltage that will trigger all devices 
Vo= 6 V;Tj = 25 oc VGKT > 0.5 v 

Current that will trigger ail devices 
Vo= 6 V; Tj = 25 oc IGKT > µA 

Anode gate to anode 

Voltage that will trigger all devices 
Vo= 6 V; Tj = 25 oc -VGAT > v 

Current that will trigger all devices 
Vo= 6 V; RGK = 10 kU;Tj = 25 °c -IGAT > 100 µA 

*Measured under pulse conditions to avoid excessive dissipation. 
**The dVo/dt is unlimited when the anode gate lead is returned to the supply voltage through a 

current limiting resistor. 

( N~emboc 1979 3 

---



-BRY-39 Jl __ _ 
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Switching characteristics 

Gate-controlled turn-on time (tgt = td + trl 
when switched from Vo= 15 v 
to Ir= 150 mA; 'GK= 5 µA; 
dlGKldt = 5 µA/µs; ri = 25 oc 

Circuit-commutated turn-off time 
when switched from Ir= 150 mA 
to VR = 15 V; -dlr/dt = 3 A/µs; 
dVo/dt = 70 V/µs; v0 = 15 v 

t 
Ir 

+ 

!GT 

a~~-=!!:...'.:!~~~~~ 
7Z735141 

Fig.2 Gate·controlled turn-on time 
definition. 

November 1979 

tgt 300 ns 

< 3 µs 

reapplied VoM , 

Fig.3 Circuit-commutated turn-off time 
definition. 



Thyristor tetrode J 
---
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BRY39 
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~~-T-h-y-ri_st_o_r_t_e-tr_o_d_e~~~~~~~~~~~~~~~~~~~~_..J 
APPLICATION INFORMATION 

Sensing network 

~---------u+12V 

08534 
I 7Z609251 

-12V 
Fig.8 

100 
kn 

BRY39 

Rs must be chosen in accordance with the light, temperature, or radiation intensity to be sensed; its 
resistance should be of the same order as that of the potentiometer. 
In the arrangement shown, a decline in resistance of Rs triggers the thyristor, closing the relay that 
activates the warning system. If the positions of Rs and the potentiometer are interchanged, an increase 
in the resistance of Rs triggers the thyristor. 
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J BRY56 

PROGRAMMABLE UNIJUNCTION TRANSISTOR 

Silicon planar p-n-p-n trigger device in a plastic T0-92 variant, intended for use in switching appli
cations such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 

QUICK REFERENCE DATA 

Gate-anode voltage 

Anode current (average) 

Total power dissipation up to T amb = 75 oc 

Junction temperature 

Peak point current 
Vs= 10 V; RG = 10 k.n 

Valley point current 
Vs= 10 V; RG = 10 k.n 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

anode 
2 

~;~do) go" 

3 
cathode "".'°' 

VGA 

IA(AV) 

Ptot 

Tj 

Ip 

Iv 

max. 70 v 

max. 175 mA 

max. 300 mW 

max. 150 oc 

< 5 µA 

> 50 µA 

Dimensions in mm 

r S,2max _..,_ ____ 12,7min ----, 

I o~ t=c::t== 1. ~;~~: . F 7Z709941 

diameter within 2,5 max I I 
is uncontrolled _. -+-
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RATINGS 

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

Gate-anode voltage 

Anode current (average) 

Repetitive peak anode current 
tp = 10 µs; 5 = 0,01 

Non-repetitive peak anode current 
tp = 10 µs IASM 

di A 

dt 

Ptot. 

Tstg 

Tj 

Rate of rise of anode current 
up to IA= 2,5 A 

Total power dissipation up to T amb = 75 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 

2 November 1979 

7282611 

400 

Ptot 
(mW) 

300 

' 
200 

-+-+--+--t--+--t-+-+-+-\c~~--+-+--+---t 
t--1--1-f-+-+-+-t--t--+-~l\,,~~~.-t-t--1 
1--1--1-f-+-+-+-t--t--+--+-'-\. ~ t-+-1 

>-+-+-t--+--+-+-<-+-+--+-~l\~ 1'.:_.-t-1 
.ZH 

1001-+-+--+-+-+-+-+--+-+-+-+-+\;>r-t-~ 

I\,, 
\ 

O._...._....__._,__.__.__,__.__,_...._..._~..__...__. 

0 50 100 150 

Tamb (oC) 

Fig. 2 Maximum permissible power dissipation 
as a function of ambient temperature. 

max. 

max. 

max. 

max. 

max. 

max. 

70 v 
175 mA 

2,5 A 

3,0 A 

20 A/µs 

300 mW 

-65 to+ 150 oc 

max. 150 oc 

250 K/W 



CHARACTERISTICS 

Tamb = 25 oc 

Peak point current (see Fig. 10) 
Vs= 10 V; RG = 10 k.Q 

Vs= 10V; RG = 100 k.Q 

Valley point current (see Fig. 10) 
Vs= 10V; RG = 10k.Q 

Vs= 10V; RG = 100 k.Q 

100µF 

BZY88-
CBV2 

+ 

BY2061 
(5x) : 

T.U.T. 

osc. 

Ip < 
Ip < 

Iv > 
Iv > 

7Z82612 

5 µA 

2 µA 

50 µA 

5 µA 

Vs 

Fig. 3 Measuring circuit for Ip and Iv by means of value of R 1. R1 = ....!._ (that is maximum voltage 
IA 

drop over R1is1 V). Internal resistance of oscilloscope is 10 MQ. 

Fig. 4 BRY56 with "program" 
resistors R 1 and R 2. 

7261194 

Fig. 5 Equivalent test circuit for 
characteristics testing. 
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BRY56 J 
Gate-anode leakage current (see Fig. 6) 

I K = O; VGA = 70 V 

Gate-cathode leakage current (see Fig. 7) 
VAK = O; VGK = 70V 

7Z61192 

Fig. 6. 

Anode-cathode voltage 
IA= 100 mA 

Peak output voltage (see Figs 8 and 9) 
, VAA=20V;C=10nF 

Offset voltage (see Fig. 10) Vaffset = Vp-Vs (IA= 0) 

Rise time (see Fig. 9) 
V AA= 20 V; C = 10 nF 

1,5 M.'1 16k0 

c 

Fig. 8. 

Iv II 
II 

Fig. 9 .. 

Ip IL-----~--

IGAO < 10 nA 

IGKS < 100 nA 

Ct] + 
GK 

7Z61191 

Fig. 7. 

VAK < 1.4 v 

VoM > 6 v 

tr < 80 ns 

Va 

VaM 
7Z61196 

90% 

10% 
L...-c+-~-+-~~~~~~-t-

tr 

7282610 

Fig. 10. 

Vs Vp 
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___ J BSR50 to 52 

N-P-N DARLINGTON TRANSISTORS 

Silicon planar transistors in plastic T0-92 envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 

P-N-P complements are the BSR60, BSR61 and BSR62. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (see Fig. 5) 

Collector current (average) 

Total power dissipation up to Tamb = 25 oc 

Junction temperature 

Collector-emitter saturation voltage 
lc=0,5A; ls=0,5mA 

D.C. current gain 
le= 150 mA; VcE = 10V 

le= 500 mA; VcE = 10 V 

Turn-off time when switched from 
Icon = 500 mA; I Bon = 0,5 mA to 
cut-off with -I Boff = 0,5 mA 

MECHANICAL DATA 

Vcso max. 

VcER max. 

lc(AV) max. 

Ptot max. 

Tj max. 

VcEsat < 

hFE > 
hFE > 

to ff < 

Fig. 1 T0-92 variant, for circuit diagram see Fig. 2. 

1~ 
7Z78182A 3 

BSR50 BSR51 BSR52 

60 

45 

80 

60 

100 

80 

v 
v 

. 0,67 
max 

JI 

I+- S,2max-+ 12,7min ----, 

lr--o~hg:!=:==I. ~~: :~:: . F 7Z70994.1 

diameter within 2,5 max I I 
is uncontrolled -+- ._ 
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BSR50 to 52 

-

RATINGS 

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

BSRSO BSR51 BSR52 

Collector-base voltage (open emitter) VcBO max. 60 80 100 

Collector-emitter voltage (see Fig. 5) VcER max. 45 60 80 

Emitter-base voltage (open collector) VEBQ max. 5 5 5 

Collector current (average) lc(AV) max. 1,0 

Collector current (peak value) ICM max. 2,0 

Base current (d.c.) IB max. 0, 1 

Total power dissipation 
up to T amb = 25 oc Ptot max. 0,8 

up to T amb = 25 °c * Ptot max. 1,0 

Storage temperature Tstg -65 to+ 150 

Junction temperature •• Tj max. 150 

THERMAL RESISTANCE ** 
From junction to ambient in free air Rth j-a 156 

L ______ J 
7264481.lA 

Fig. 2 Circuit diagram. 

* Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 
collector lead minimum 10 mm x 10 mm. 

v 
v 
v 

A 

A 

A 

w 
w 
oc 

oc 

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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N-P·N Darlington transistors BSR50 to 52 

CHARACTERISTICS 

Tj = 25 oc 

Collector cut-off voltage 
le= o; Vcs = 45 v SSR50 lcso < 50 nA 

IE= O; Vcs = 60 v SSR51 lcso < 50 nA 

IE= O; Vcs =SOV SSR52 'cso < 50 nA 

Emitter cut-off current 
le= O; VEB = 4 V IEBO < 50 nA 

Saturation voltages 
VcEsat < 1,3 v le= 0,5 A; Is= 0,5 mA 
VsEsat < 1,9 v 

le= 1,0 A; 19 = 1,0 mA SSR51 VcEsat < 1,6 v 
VsEsat < 2,2 v 

le= 1,0A; Is =4,0 mA SSR50; SSR52 VcEsat < 1,6 v 
VsEsat < 2,2 v 

D.C. current gain -;-.. · 
le= 150 mA; VcE = 10V hf E > 1000 

le= 500 mA; VcE = 10 V hf E > 2000 

Small-signal current gain at f = 35 MHz 
le =500mA; VcE = 5 v hte typ. 10 

Switching times see page 4. 
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Switching times (see Figs 3 and 4) 
Icon= 500 mA; I Bon= -IBoff = 0,5 mA 
Turn-on time 

Turn-off time 

6µs 

1--1 +38n 
son· 

lcon=500mA 
Ison =-IBoff = O,SmA 

-2.2 v 

9kfi 

Fig. 3 Test circuit for 500 mA switching. 

· INPUT 

OUTPUT 

Fig. 4 Switching waveforms. 

4 \ October 1979 

+10V 

typ. 

< 

1Z7206S.2 

7Z7206A 

0,4 µs 

1,5 µs 
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N·P·N Darlington transistors BSRSO to 52 

7Z72903 
107 15::1c:r:::r::c:::r::::c:c:c:::ic:r::::r::c:::r::::r-::::-::-::-:::-::=:-.::--:::---:-:::-;--;:-::::-:::::::-::-::::::::-:'.::::"'.', 

l--l"-l--4---l--4--4-4--~,_._..._....-1--1 max. external Ree vs Ti for thermal stability 

~ 

Ree ~ 
(U) l--l--+-~'--l--l--.j.3'1,1"'-1-t.....-1-~-+-~'--l--l---1---1 

"""' 

Ptot 
(W) 

Fig. 5. 

r·-·-·--, c ru l 
~ ' 

ext. r • ! 
Reel L ! 

L·-·-·_k·J 

7Z82481 

QL-L......L.....J.-...J.....~......L.~......__._..._.--'"-'--'--'-'--L-'--'--'-.__..__,_........_...._ ........ __,_~~._ 
0 50 100 150 

Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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Fig. 7 Tj = 25 oc. 

--
--

6 October 1979 

~--+--+--+-++++~~e=SV 
hfe ~--+--+--+-++++~ f = 35 MHz 

1j=25 °c 

typ 

1..__.___._ .............................. ~....._ ......................... 

10 102 le (mAl 103 

Fig. 8. 



P-N-P DARLINGTON TRANSISTORS 

Silicon planar transistors in plastic T0-92 envelopes, intended for industrial applications e.g. print 
hammer, solenoid, relay and lamp driving. 

N-P-N complements are the BSR50, BSR51 and BSR52. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (see Fig. 6) 

Collector current (average) 

Total power dissipation 
up to Tamb = 25 oc 

Junction temperature 

Collector-emitter saturation voltage 
-le= 0,5 A;-ls = 0,5 mA 

D.C. current gain 
-le= 150 mA;-VcE = 10 V 

-le= 500 mA; -VcE = 10 V 

Turn-off time when switched from 
-Icon= 500 mA; -Ison= 0,5 mA 
to cut-off with + I Baff= 0,5 mA 

MECHANICAL DATA 

-VcBO max. 

-Ve ER max. 

-lc(AV) max. 

Ptot max. 

Tj max. 

-VcEsat < 

to ff 

> 
> 

< 

Fig. 1 T0-92 variant, for circuit diagram see Fig. 2. 

2 

'-«? 7Z78181A J 

BSR60 BSR61 BSR62 

60 

45 

1,0 

0,8 

150 

1,3 

80 

60 

1,0 

0,8 

150 

1,3 

1000 

2000 

1,5 

100 

80 

1,0 

0,8 

150 

1,4 

v 
v 
A 

w 
oc 

v 

µs 

Dimensions in mm 

1- S,2max -------- 12,7min 

t 0,49 
t max 

diameter w1th1n 2,5 max I I 
is uncontrolled ._ -+-

October 1982 
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BSR60 to 62 J 
RATINGS 

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

BSR60 BSR61 BSR62 

Collector-base voltage (open emitter) -Vcso max. 60 80 100 v 
Collector-emitter voltage {see Fig. 6) -VcER max. 45 60 80 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 

Collector current {average) -lc(AV) max. 1,0 A 

Collector current {peak value) -lcM max. 2,0 A 

Base current {d.c.) -Is max. 0,1 A 

Total power dissipation 
up to Tamb'= 25 oc Ptot max. 0,8 w 
up to T amb = 25 oc • Ptot max. 1,0 w 

Storage temperature T stg -65 to+ 150 oc 

Junction temperature •• Tj max. 150 oc 

THERMAL RESISTANCE** 

From junction to ambient in free air Rth j-a 156 K/W 

r·------.,2 
' 

-----
L ______ J 
7Z72904A 3 

Fig. 2 Circuit diagram. 

• - Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 
collector lead minimum 10 mm x 10 mm. 

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

2 October 1982 



P-N-P Darlington transistors BSR60 to 62 

CHARACTERISTICS 

Tj = 25 oc 

Collector cut-off current 
IE= O; -Vcs = 45 v eSR60 -lceo < 50 nA 

IE=O;-Vc9=60V eSR61 -lceo < 50 nA 

IE=O;-Vcs=BOV eSR62 -lceo < 50 nA 

Emitter cut-off current 
le= 0; -VEe = 4 V -IEeO < 50 nA 

Saturation voltages 
-VcEsat < 1,3 v 

-le= 0,5 A;-le = 0,5 mA eSR60; eSR61 
-VsEsat < 1,9 v 

-le= 0,5 A; -le= 0,5 mA eSR62 -VcEsat < 1.4 v 
-VsEsat < 2,0 v 

-le= 1,0 A; -le= 1,0 mA eSR61 -VcEsat < 1,6 v 
-VsEsat < 2,2 v 

-le= 1,0 A;-le = 4,0 mA eSR60 -VcEsat < 1,6 v 
-VeEsat < 2,2 v 

-le= 1,0 A;-19 = 4,0 mA eSR62 -VcEsat < 1,8 v 
-VeEsat < 2.4 v 

D.C. current gain 
-le= 150 mA; -VcE = 10 V hFE > 1000 

-le= 500 mA; -VcE = 10 V hFE > 2000 

Small-signal current gain at f = 35 MHz 
-le= 500 mA; -VcE = 5 V hfe typ. 10 

Switching times see page 4. 
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Switching times (see Figs 3 and 4) 
-Icon= 500 mA;-IBon =+I Bott= 0,5 mA 
Turn-on time 

Turn-off time 

+2,2V 

9kn 

T.U.T. 

ton < 
tott < 

-10V 

18H 

r·------- ---·1 

_,.lJ 
-laµs I-

1µF 36kS1 
~ t--t--i:=-r-->----T-1 

-Icon= 500 mA 
-I Bon = I Boff = 0,5 mA 7Z72905 

Fig. 3 Test circuit for 500 mA switching. 

+ 10% -t t 
INPUT 90% 

+ 

~ 1off ---
OUTPUT 

7Z72906 

Fig. 4 Switching waveforms. 

4 October 1979 

1,0 µs 
1,5 µs 



P-N-P Darlington transistors BSR60 to 62 

7Z72979 
10 1-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1---.::1-.. .... --1---1--.1--11--1.__J_-+--1---1---1--~"--1 max. external RBE vs Ti for thermal stability 

Ptot 
(W) 

Fig. 5. 

r·---·--., c 

~ I ..... . 
ext. r ! • ! 
RaE I I . l- . 

L.---·~·J e 

7Z82481 

0..___.--'--'--'--'-.1-..J--l--'-......._-'-.L-L-.J.-1---'--'--'-"---'--'---'--'--'-.L........I--'---'-~"'-~ 
0 50 100 150 

Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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103 E33::::i::umiE=i:3=i='E:Z'a'0":m' A 

1-----+--+-+-++-+++1-VcE = 5 V 

hFE1---+-+-+-++-H+1~-+---+--H-++++1 
hfe f = 35 MHz 

1----+--+-+--1--1--1++1 TJ = 25 °C 

typ 

1'----'---'---'-......... ...u.I.~-'--'-.......................... 

10-1 -le (A) 10 -le (mAl 

Fig. 7 Tj = 25 oc. Fig.8. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant. It is primarily intended for general purpose switching and 
as driver for numerical indicator tubes. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) Vcso max. 

Collector-emitter voltage (open base) Vern max. 

Collector current (peak value) lcM max. 

Total power dissipation up to Tamb = 25 oc Ptot max. 

Junction temperature Tj max. 

D.C. current gain > lc=4mA;VcE=1V hFE typ. 

Transition frequency at f = 35 MHz 
lc=4mA;VcE=10V fT > 

Turn-off time 
Icon= 15 mA; Ison= 1 mA; -lsoff= 1 mA to ff < 

Note 
The BSS38 may be operated in the breakdown region up to VcE = 160 V, provided Ptot at 
T amb = 85 °c does not exceed 100 mW. 

120 v 
100 v 
250 mA 

500 mW 

150 oc 

20 
80 

60 MHz 

1 µs 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

Dimensions in mm 

3 

,~ 
7Z61145 

• 0,40 
t min 

I._ 5,2max ___.,I ... ---- 12,7min ----

1 0 ~~~ • ===========i"""" : ~~: 0,67 
max 

" 
diameter within 2,5 max I I 
is uncontrolled .... ..,.__ 

( o,,,,.,, 1982 
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BSS38 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 120 V* 

Collector-emitter voltage (open base) VcEO max. 100 V* 

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

Collector current (d.c. or averaged 
over any 20 ms period) lc(AV) max. 100 mA 

Collector current (peak value) ICM max. 250 mA 

Total power dissipation up to Tamb = 25 oc Ptot max. 500 mW 

Storage temperature Tstg -65to+ 150 oc 

Junction temperature Tj max. 150 °c 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0,25 °C/mW 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O; Vcs = 90 v lcso < 200 nA 
IE= O; Vcs = 90 V; Tj = 150 oc icso < 50 µA 
VsE,. O; VcE =BO V; Tj = B5 oc ICES < 20 µA 

Emitter cut-off current 
le= O; VEB = 4 V IEBO < 200 nA 
le= 0; VEB =4 V; Tj = 150 °c IEBO < 50 µA 

Saturation voltages 
VcEsat < 0,7 v 

le= 4 mA; Is= 0,4 mA 
VsEsat < 1,2 v 

lc=50mA;ls= 15mA VcEsat < 3,0 v 

D.C. current gain > 20 
4mA;vcE = 1 v hFE le= typ. BO 

le= 10mA;VcE = 1 v hFE typ. BO 

*The BSS3B may be operated in the breakdown region up to VcE = 160 V, provided Ptot at 
Tamb = B5 °c does not exceed 100 mW. 
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Silicon planar epitaxial transistor 

CHARACTERISTICS (continued) 

Transition frequency at f = 35 MHz 
lc=4 mA; Vee= 10 v 

Collector capacitance at f = 1 MHz 
le= le=O; Vee= 10 v 

Emitter capacitance at f = 1 MHz 
le= le= o; Vee= o,s v 

Switching time 
Turn-off time when switched frqm 
Icon= 15 mA; Ison= 1 mA to cut-off with -lsoff = 1 mA 

Test circuit for measuring turn-off time: 

1,2kfi 
-3,6V +18,1V 

----ova 

Pulse generator: 

Input voltage 

Pulse duration 

Duty factor 

Source impedance 

Vi = +10V 

tp =1µs 

ll = 0,01 

zs =son 

7Z69424 ~ 

l BSS38 

·--
> 60 MHz 

< 4,5 pF 

< 17 pF 

to ff < 1 µs 

-------

November 1977 3 





______ J _______ ------
- BSSSO to 52 

~~~~~~~~~~~~~~~~~~~~~~~~~~~--

N-P-N DARLINGTON TRANSISTORS 

Silicon planar transistors in T0-39 metal envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 

P-N-P complements are the 85560, BSS61 and 85562. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (see Fig. 4) 

Vc80 max. 

VcER max. 

Collector current (d.c.) 

Total power dissipation 
up to T amb = 25 oc 

up to T case = 25 oc 

Collector-emitter saturation voltage 

le max. 

max. 

max. 

I c = 1,0 A; I B = 1,0 mA 88851 VcEsat < 
le= 1,0 A; Is= 4,0 mA 

D.C. current gain 

88850; 88852 VcEsat < 

le= 500 mA; VcE = 10 V 

Turn-off time when switched from 
Icon= 500 mA; Ison= 0,5 mA to 
cut-off with -I Baff= 0,5 mA 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

> 

typ. 

-0= + 
t =-0,51 

+max 
~~x = 
L = 

[ 6.6 __ , __ 12.7 _I 
- 5,08 - max min 125932.2.1 

- 9,4_ max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

€ Products approved to CECC 50 004-073, available on request. 

85550 85851 88552 

60 

45 

80 

60 

1,0 

0,8 

5,0 

1,6 

1,6 

2000 

1,5 

100 v 
80 v 

A 

w 
w 

v 
v 

µs 

Dimensions in mm 

r·-------, 
• c 

L ______ J 
ns44011 e 

October 1982 
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BSS50 to 52 Jl------~-
RATINGS 

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

BSS50 BSS51 BSS52 

Collector-base voltage (open emitter) Vcso max. 60 80 100 v 
Collector-emitter voltage (see Fig. 41 VcER max. 45 60 80 v 
Emitter-base voltage (open collector) VEBO max. 5,0 5,0 5,0 v 

Collector current (d.c.) le max. 1,0 A 

Collector current (peak value) lcM max. 2,0 A 

Base current (d.c.) Is max. 0,1 A 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 0,8 w 
up to T case = 25 °c Ptot max. 5,0 w 

Storage temperature Tstg -65 to +200 oc 

Junction temperature * Tj max. 200 oc 

THERMAL RESISTANCE* 

From junction to ambient in free air Rth j-a 220 K/W 
From junction to case Rth j-c 35 K/W 

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

Ootob~ 19791 



N·P·N Darlington transistors BSSSO to 52 

CHARACTERISTICS 

Tj = 25 oe unless otherwise specified 

Collector cut-off current 
IE=O;Ve9=45V BSS50 leso < 50 nA 

IE=O;Ve9=60V BSS51 leso < 50 nA 

IE= O; Ve0 = 80 v 8SS52 1e00 < 50 nA 

Emitter cut-off current 
le=O;VE9=4,0V IEBO < 50 nA 

Base-emitter voltage 
le= 150 mA; VeE = 10 V VsE 1,3 to 1,65 V 

le= 500 mA; VeE = 10 v V9E 1,4 to 1,75 V 

Saturation voltages 
VeEsat < 1,3 v 

le= 500 mA; Is= 0,5 mA 
VsEsat < 1,9 v 

le= 500 mA; 19 = 0,5 mA; Tj = 200 oe VeEsat < 1,3 v 

le= 1,0 A; 19 = 1,0 mA BSS51 VeEsat < 1,6 v 
V0Esat < 2,2 v 

le= 1,0 A; 19 = 1,0 mA; Tj = 200 oe BSS51 VeEsat < 2,3 v 

le= 1,0 A; Is= 4,0mA BSS50;BSS52 VeEsat < 1,6 v 
V0Esat < 2,2 v 

le= 1,0 A; Is= 4,0 mA; Tj = 200 oe BSS50;BSS52 VeEsat < 1,6 v 
o.e. current gain 

le= 150 mA; VeE = 10 V hFE > 1000 

le= 500 mA; VeE = 10 V hFE > 2000 

Sm al I-signal current gain at f = 35 MHz 
le=500mA;VeE=5V hfe typ. 10 ----

·' I 
I 

( Octoboc 1979 3 
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BSS50 to 52 

Switching times (see Figs 2 and 3) 
Icon= 500 mA; Ison= -lsoff = 0,5 mA 
Turn-on time 

Turn-off time 

Icon= 1,0A; lson=-lsoff= 1,0mA 
Turn-on time 

Turn-off time 

1 µF 36kfi 

ton typ. 

to ff typ. 

ton typ. 

to ff typ. 

-2,2 v +10V 

9kn 1sn 

T.U.T. 
,-------- -·-·1 

~ 1---<1--r-t-+--;-J 
6 µs 

1-1 +38n 
son 

Icon =500mA 

Ison =-!Boff = O,SmA 

0,4 /.LS 

1,5 µs 

0,4 /.LS 

1,5 /.LS 

7Z72065 2 

INPUT 

OUTPUT 

4 October 1979 

Fig. 2 Test circuit for 500 mA switching. 

__ i 10°1o 

I t 
I 
I 

: ton toff 

i 
90°/o 

I 
I 
I 
I 
I 
I 
I 
I 

~--1-~i 1o°io i 
- - - - -----'-l---1----'"-"'--'-

i 
I td tr 
1--t....--'--+I 

__ t.=.• _.,~I~ 7Z7Z064 

Fig. 3 Switching waveforms. 
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N-P-N Darlington transistors BSS50 to 52 

10 7 ~~~~~~~~~~~~~~~~-"-"-"-'·~2 
~>-'~,...._+--1 max. external R8·E vs ~ for thermal stability 

\ 

104 ....... '--'--'--"--'--'--'--'--'---'--'--.._'--'--'--"--'--'--'-~ 
0 100 lj (oC) 200 

Fig. 4. 
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BSS50 to 52 

6 

4 

2 

0 
-100 0 

7Z67SB8 2 

maximum total power d1ss1pat1on versus temperature 

""""1 

f\ 
I'\ 

is;: 11 
~ 

~.,., 
rs._~ 

" ~ 
IS.i 1:.. 
b..~ 

[SI 
~ 

l\i 
Rtn 

i--+-- J-a ::: 220 
k1w rs: 

J::!:::'.i! 
Ft-t-.. 

J_ J_J_J_ t--
100 200 T (°C) 300 

Fig. 5. 

ZthJ-C ~-+-++++++++---l-+-l-H-++++-~+-+-+++++H~-1--1-++-f-++lfl--L-L~...LJ..J..1.L-~'--l....l---+4-1-++l 
(K/W) H 

H 

102 ~~~~~~~~~EB~~~EIIEBll~~~ttMt~~~~§j~~~~~~ 
t---1 5:1++-H++~-+---+--1-+<+H+---+-+--++++1-H-~l---4-+-+.H+H-~-4-+-!-+<-+.....>---+--+-+-++++H 

t--t-o,s 1 

10-3 10-2 10 102 

Fig. 6. 
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N·P·N Darlington transistors 

---- -l--u~-------
" BSS50 to 52 

~~~~~~~~~~~~~~~~~~~~~~~--

t-1 

I-

10 

1 
0,5 

7Z67586.1 

VcE =10 V If 
1j = 25°C 

[ 

typ 

l7 
12 

V1 
~ y 

1,5 VeE (V) 2 

Fig. 7. 

Fig. 9 Tj = 25 oc. 

l----+--+-+-+-HH-H~E=5V 
hf e 1----+--+-+-+-HH-H f = 35 MHz 

lj=25~C 

typ 

1~~~~~~~~~ ............................. 
10 

60 

1-H 
1-H 
1-H 

40 

20 

0 
0 

Fig. 8. 
7Z72062 ,1 

J_J_ J_J_ 
J_J_J_ J_J_ 

VCE = IOV 
typ. values 

Lii 

IL 
IL v 11 

Ic = 500 mA !;"' 

_Lf~ IL 
..vi J_J_ 

I' 150 mAi.... 
i,.,.. 

~ 
.i.-i-

100 lj (oC) 200 

Fig. 10. 

October 1979 7 

--



2 ZB1589.2 

Vc:Esatt------t----lf---l--+-+-+--l--l-l----·--·---·-....:;B=5~55~1:...__i_---+-~T~J~=~2~5~0~C'...l-I 
(VI 

~ 
1,5 t-----+---+--t---+--t--+-+-Hf----+---i---1---1----+-l--bo~ 

1 ... • 

1-----+---l---4--i--i--l--l-l~ max. VcEsat at .!.£ = 1000.,+-~.,.. ""-+-,.-+-+-'I'~:....."' 
le _.;;i;.... ,,,.'91..-

.-1-1- ---------
typ 

:s 18 =0,5 mA 
I 8 = 4 mA -1---1---1--1--1-~ 

0,5t------t----lf---l--+-+-+--l--l-1----~---l---1--l----+-l-l-...J_J 

Fig. 11. 

3,.-----,---,.---,.-..,-...,-...,-....-.-.------.--------7~Z~67~59~0.~2 I 
-·-·-·- 85551 ,____.____, lj = 25 °C I-= VeEsat 1-----1----lf---+-+--+-+--l-l~----4----l---L--L--L--L--L..L.J = (VI ---

8 

--r-----·--1-
~ 18 =0,5mA 

typ-+---+--+--t--t-+-+--1-----___::::.~~18 =4mA +--1---1---1--1-+-1 

OL-----"---l..-...L.......L--1.....L-L...J...IL..----l---...l..-..l.....J..-l.....J......L....LJ 
103 10 le (mAI 

. Fig. 12. 

October 1979 r 



BSS60 to 62 

P-N-P DARLINGTON TRANSISTORS 

Silicon planar transistors in T0-39 metal envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 

N-P-N complements are the SSS50, SSS51 and SSS52. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -Vcso max. 

Collector-emitter voltage (see Fig. 4) -VcER max. 

Collector current (d.c.) -le max. 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 

up to T case = 25 oc Ptot max. 

Collector-emitter saturation voltage 
-le= 1,0 A; -Is= 1,0 mA SSS61 -Vcesat < 
-le= 1,0 A;-ls = 4,0 mA BSS60;BSS62 -VcEsat < 

D.C. current gain 
-le= 500 mA; -Vee= 10 V hFE > 

Turn-off time when switched from 
-ICon = 500 mA; -Ison= 0,5 mA 
to cut-off with -lsoff = 0,5 mA to ff typ. 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

t =-0,51 
+max -0= + 

5,08 -

- 9,4_ 
max 

8,5 = 
max 

L = 
L 6.6 __ 1 __ ,2.1 __ _I 

max min ns9n.u 

Maximum lead diameter is guaranteed only for 12,7 mm 

Accessories: 56245 (distance disc). 

Products approved to CECC 50004-074, available on request. 

SSS60 BSS61 SSS62 

60 80 100 v 
45 60 80 v 

1,0 A 

0,8 w 
5,0 w 

1,6 v 
1,6 v 

2000 

1,5 µs 

Dimensions in mm 

r·------,c 

L ______ J 
7Z72904 e 
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RATINGS 

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

BSS60 BSS61 BSS62 

Collector-base voltage (open emitter) -VcBO max. 60 80 100 v 
Collector-emitter voltage (see Fig. 4) -VcER max. 45 60 80 v 
Emitter-base voltage (open collector) -VEBo max. 5,0 5,0 5,0 v 

Collector current (d.c.) -le max. 1,0 A 

Collector current (peak value) -lcM max. 2,0 A 

Base current (d.c.) -IB max. 0,1 A 

Total power dissipation 
up to T amb = 25 oc Ptot max. 0,8 w 
up to T case = 25 oc Ptot max. 5,0 w 

Storage temperature Tstg -65to + 200 oc 

Junction temperature * Tj max. 200 oc 

THERMAL RESISTANCE* 

From junction to ambient in free air Rth j-a 220 K/W 

From junction to case Rth j-c 35 K/W 

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

2 October 1979 



P-N-P Darlington transistors BSS60 to 62 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE=O;-Vcs=45V SSS60 -lcso < 50 nA 

IE=O;-Vcs=60V BSS61 -lcso < 50 nA 

IE= O;-Vcs = 80 v BSS62 -lcso < 50 nA 

Emitter cut-off current 
lc=O;-VEB=4,0V -IEBo < 100 nA 

Saturation voltages 
-VcEsat < 1,3 v -le= 500 mA; -Is= 0,5 mA 
-VsEsat < 1,9 v 

-le= 500 mA; -la= 0,5 mA; Tj = 200 oc -VcEsat < 1,3 v 

-le= 1,0 A; -Is= 1,0 mA SSS61 -VcEsat < 1,6 v 
-VsEsat < 2,2 v 

-le= 1,0 A; -Is= 1,0 mA; Tj = 200 oc SSS61 -VcEsat < 1,6 v 

-le= 1,0 A; -la= 4,0 mA BSS60;SSS62 -VcEsat < 1,6 v 
-VsEsat < 2,2 v 

-le= 1,0 A; -la= 4,0 mA; Tj = 200 oc BSS60;SSS62 -VcEsat < 1,6 v 
D.C. current gain 

-le= 150 mA; -VcE = 10 V hFE > 1000 

-le= 500 mA; -VcE = 10 V hFE > 2000 

Small-signal current gain at f = 35 MHz 
-Jc= 500 mA; -VcE = 5 V hfe typ. 10 

--
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BSS60 to 62 

Switching times (see Figs 2 and 3) 
-Icon= 500 mA; -laon = laoff = 0,5 mA 
Turn-on time 

Turn-off time 

-Icon= 1,0 A; -laon = laoff = 1,0 mA 
Turn-on time 

Turn-off time 

1µF 

-3811 . <>-l 
_J6µs J_ 

-Icon= 500 mA 
-I Bon = I Boff = 0,5 mA 

3Bkn 

ton typ. 

to ff typ. 

ton typ. 

to ff typ. 

+2,2V -10V 

9kn 18n 

T.U.T. 
:--·-·--- -·-·1 

Fig. 2 Test circuit for 500 mA switching. 

-t 
90% 

t10%t 

90% 

Fig. 3 Switching waveforms. 
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0,4 µs 

1,5 µs 

0,4 µs 

1,5 µs 
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P-N-P Darlington transistors BSS60 to 62 

7 7Z72068.1 

10 is;:;i:::=i===i:==ii:==:i:=::E=i==t==r::::-:;.:;:~~:T~~:;::;~:;:;;,:-1 max. external RBE ~s Tj for thermal stability 

r·---·---,c ft2. I - ' 

ext. ! + ! 
RBE I I . t- ' 

L-----~·J e 

104 ...___._~....__._~....___._~....___._~..____._~.._____._~.._____._~_..____._~_..____._~_..____.____. 

0 

6 

4 

2 

0 
-100 

50 

0 

100 150 200 

Fig. 4. 
7Z675B8.2 

maximum total power d1ssipat1on versus temperature 

~ 
!'.. I 

~ 

"" -P 
~ 

~v' i-..o ,, 
V>.J' 

'\(~ 
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~ 

Rth 1'-1- J-a :: 22 rs: _[~ 0 K1w :r Ft-+-[ :r J_ ~ 
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Fig. 5. 

( Oo<obec 1979 

-----_...I 
I 

I 

I 

5 



88860 to 62 l __ _ 
Zthj-C f----+--+-+--+-i-+++1----+--+-+--+-i-++++----+----+--++->++t+---+----+--++->++t+----+----+--:..r.._._~~~--+-+-+-+++tt 
(K/WJ 

r-- T --- E :-l++++t---+-+-t-+++++t 

10~0,1 c:1 }--
0

•
2 ~ :;::;:i!IE~amm 

.21 t=_ ~ 0,01 +' I +H+tt--+--r-+--t-++t+I 
b~.e--t--1-+++++++--+--t-++H+tt--+--+-+-+H+tt--+--+-+-+H+tt--+-~l+-H+i+--+-1-+--+-++~ 
1---+-+-++H+!t--+-+-++H-hH---+--+-+++++-H---+--+-++H+ft--+-=l+H+tt--+--r-+--t-++t+I 

:01 
l---+--+-+-+-1+++1---+--+-+-+-!-++++---+---+-++H+t+---+---+-++H+t+---+-s1+-H+i+--+-1-+--+-++~ 

1'---'---'--'-'-'........._.___,__.__._...""'-'..___,__._.._._......._...___,__._.._._......._...___,__i~~i~1 ~_...._._-~~~~ 
10- 4 10- 3 10-2 10-1 10 

Fig. 6 Thermal impedance as a function of pulse duration. 

r+-- -V = 10V 
hFE I-+- CE 

(x 103 ) I-+- typ. values 
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l1 

20 t-t--+-t-+---+-+.:. I c = S 0 0 m A ,__!7-+--<-+-+--+-< 

±~ Ill 

!-' ~ 1 SO m A +--k'.1_,_P'-+-+-+-+--< 

V VIL 

0'--'--'-'--'--'-'--'--'-......... -'-......... -'-......... -'-......... ~ 

-le (A) 0 100 1j (°C) 200 



P-N-P Darlington transistors BSS60 to 62 

7Z67589 2A 

-VcEsatt------1,-----r---t--+--t--+-t--+-1----·-_·--·----.8_5_5_61_+--+--+~~,_,__=_2~5~0-C+-l 
(V) 

~c , ~ 
1------1---+--+-+--l--l--l-+-f-max.-VcEsat at - = 1000:.+-.,...r-'-'-.. +--t-+.-f-"-l 

-I B - -+- _. • ,..J7 JLl 

.-1-H--
. ....I ___ _ ---, 

Ftyp 

O'------'---'---'---'--'--'--'-..J....'-----'-----'----'--.1..--..J....-'-..J....J....J 
10 102 -le (mA) 103 

Fig. 9. 

7257590 2A 

-·-·-·- 85561 1-----1---l lj = 25 °C H 

-VBEsat1------+---+---+---l---+---t---1---'-l------+----t---1--1--1----l--+--"---' -(V) -
-I ,~1 

2 1-----+---+---+--+-+---+----+--4-4-max -VBEs at at __£ = 10 0 0 .-1' I 
1-----+----+---4-----+-~--+--l---+--+----J_ -] B J. - ~ .... P f-ffi 

---r_ i.-r-r-------t---t--. -1-t-1---1-±=l=ir.--i..+-t-~~=---r--- ---" ·-1·- ,_ 

l------t----t---l--+--+--t--+-+-l------+----1---1--~-+--+-+-H 

0'------'---'---'---'--'--'--'--'-'-----'-----'----'--.1.......J......l......J....J....J 
10 10 2 -IC (mA) 103 

Fig. 10. 



BSS60 to 62 

103 7Z67566 1A 
103 "'Z72061 A 

-VCE = 5 V I-
l1 H 

-IC 1-- -VCE =10 V 
hfe 

f = 35 MHz H 
(mA) 1-- 1j =25°C T1 = 25 °C 

H 

102 
[ 

10 2 

typ 

vr 
1'--"./=..~-l.--'-L...L---'---'-J......1-L-l.--'-L....J 1'--~'--"'---'-'-'--'--'-......_~_.__._...._._.._...J..U 

0,5 1,5 -VBE (V) 2 10 -le (mA) 

Fig. 11. Fig. 12. 
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HIGH-VOLTAGE P-N-P TRANSISTOR 

Silicon planar epitaxial transistor in a plastic T0-92 variant. It is intended for anode switching in 
dynamically driven numerical indicator tubes and as general purpose switching device. 

QUICK REFERENCE DATA 

Collector-emitter voltage (RsE = 10 kn) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 °c 
-le= 25 mA; -VcE = 5 V 

Transition frequency at f = 35 MHz 
-le= 25 mA; -VcE = 5 V 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

-Vern 
-Vern 

-Jc 

Ptot 

Tj 

hFE 

fT 

max. 110 v 
max. 100 v 
max. 100 mA 

max. 500 mW 

max. 150 oc 

> 30 

> 50 MHz 

Dimensions in mm 

'~ ~====::i •a,4o L___J ~ ~mrn 
7Z67146 

0,67 
max 

" 
diameter within 2,5 max I 
1s uncontrolled --t> 

_ October 1982 



85568 

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

Voltages 

Collector-base voltage (open emitter) -vcoo max. 110 v 

Collector-emitter voltage (RBE = 10 k!2) -VcER max. 110 v 

Collector-emitter voltage (open base) -VcEO max. 100 v 

Emitter-base voltage (open collector) -VEBO max. 6 v 

Current 

Collector current (d. c.) -Ic max. 100 mA 

Power dissipation 

Total power dissipation up to T amb = 25 oc Ptot max. 500 mW 

Temperatures 

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 0,25 0 c/mW 

CHARACTERISTICS Tj = 25 °c unless otherwise specified 

Collector cut-off current 

- IE =O; -VcB= lOOV;Tj =70°c - 1coo < 10 µA - Saturation voltages - -VcEsat < 250 mV - -le= 25 mA; -IB = 2,5 mA 
-VBEsat < 900 mV 

D. C. current gain 

-le= lOmA; -VcE =5V hpE > 30 

-Ic = 25 mA; -vcE = 5 v hpE > 30 

Collector capacitance at f = 1 MHz 

IE =le = O; -VcB = 10 v Cc < 5 pF 

Transition frequency at f = 35 MHz 

-le =25mA;-VcE =5V fT > 50 MHz 

2 
11 

November 1975 



85568' 

501----if--+-:l"""""~+++++-~-+--+--+-+-H+++~--+---l-l-+++H+-~+-+-!-++\l-ll-l-l 
....I" 

100 

fr 
!MHz) 

75 

50 

25 

September 1974 

-VcE=5V 
f=35MHz 

TJ =25°C 

IL 
121 

IL 
7 

~ .......: 
JL: z ;z-

~ 

10 -le (mA) 

7Z59B53 

T 
i""" N 

I\, 
1-1 typ I\ 

16'1 
Y' 

10 -Ic lmAJ 
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-Iceo 
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102 

10 

II 
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II 

1Z59852. 

III I 
-Vce=100V 

IZ 

11": 
VI v 

1£ 
P'typ v 

100 Ti 1°CI 150 

September 1974 



BSV15. to 17 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 

QUICK REFERENCE DATA 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 25 oc 
up to T case = 25 oc 

Junction temperature 

Transition frequency at f = 20 MHz 
-le= 50 mA; -VcE = 10 V 

D.C. current gain 
-le= 100 mA; -VcE = 1 V 

BSV15 BSV16 BSV17 
-VcEO max. 40 60 80 

~~~~~~~~~ 

-le max. 1,0 

Ptot 
Ptot 

Tj 

fT 

max. 0,8 
max. 5,0 

max. 200 

> 50 

BSV15-6 BSV15-10 BSV15-16 
BSV16-6 BSV16-10 BSV16-16 
BSV17-6 BSV17-10 
40-100 63-160 100-250 

v 
A 

w 
w 
oc 

MHz 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

5,08 -

- 9,4_ max 

b -OF , t =-0,51 
-imax 

B,5 = 
max 

L = 
L 6,6 _.f_ 12,7 _I 

' max min n 59322..1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

€ Products approved to CECC 50002-131, available on request. 

-

---

-



BSV15 to 17 

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

Voltages BSV15 BSV16 BSV17 

Collector-emitter voltage (open base) -VcEO max. 40 60 80 v 
Collector-emitter voltage <VBE = 0) -VcES max. 40 60 90 v 
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v 

Currents 

Collector current (d.c.) -Ic max. 1.0 A 

Base current (d. c.) -Ia max. 200 mA 

Power dissipation 

Total power dissipation up to T amb = 25 °c Ptot max. 0.8 w 

up to Tease= 25 °c Ptot max. 5.0 w 

up to Tmb = 50 OC Ptot max. 5.0 w 

TemEeratures 

Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 220 0 c;w 

From junction to case Rth j-c 35 oc;w -- From junction to mounting base Rth j-mb 30 0 c;w -----

2 II II January 1972 
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BSV15 to 17 

CHARACTERISTICS Tamb = 25 °c unless otherwise specified 

Collector cut-off currents 

V BE = 0; - V CE = 40 V 

VBE = O; -VcE = 40 V; Tamb = 150 °c 

VBE = 0; - V CE = 60 V 

VBE = 0; -VcE = 60 V: Tamb = 150 °c 

VBE = O; -VcE = 80 V 

VBE = O; -VcE = 80 V; Tamb = 150 °c 

-VBE = 0,2 V; -VcE = 40 V; Tamb = 100 °c 

-VBE = 0,2 V; -VcE = 60 V; Tamb = 100 °c 

-VBE = 0,2 V; -VcE = 80 V; Tamb = 100 °c 

Emitter cut-off current 

Breakdown voltages 

lB = O; -le= 50 rnA; tp = 200 µs; 0 = 0,01 

VBE = 0; -le = 10 µA 

le= 0; -IE = 10 µA 

Base-emitter volto.ge 

-Ic = 100 mA; -VcE = 1 v 

-le= 500 mA; -VcE = 1 V 

Saturation voltage 

-le= 500 mA; -IB = 25 rnA 

Collector capacitance at f = 1 MHz 

-IcES 

-IcES 

-lcES 

-ICES 

-IcES 

-IcES 

-IcEX 

-rcEx 

-lcEX 

-IEBO 

-V(BR)CEO 

-V(BR)CES 

-V(BR)EBO 

-VcEsat 

IE = le = 0; - V CB = 10 V BSV15; BSV16 Cc 

IE = le = 0; - V CB = 10 V BSV17 Cc 

Emitter capacitance at f = 1 MHz 

Ic=Ic=O;-VEB=0,5V 

Transition frequency at f = 20 MHz 

-le= 50 rnA; -VcE = 10 v 

October 1979 
11 

BSV15 BSV16 BSV17 

< 100 nA 

< 50 µA 

< 100 nA 

< 50 µA 

< 100 nA 

< 50 µA 

< 50 µA 

< 50 µA 

< 50 µA 

< 50 50 50 nA 

> 40 60 80 v 
> 40 60 90 v 
> 5 5 5 v 
--,,-

< 1,0 

typ. 0, 85 
0,7tol,4 

< 

typ. 
< 

typ. 
< 

typ. 

> 

II 

1,0 

20 
30 

15 
25 

180 

50 

v 
v 
v 

v 

pF 
pF 

pF 
pF 

pF 

MHz 

3 

-------
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BSV15 to 17 

II 
CHARACTERISTICS (continued) 

D, e. current gain 

-re= 0.1 mA; -veE = 1 v 

-re= 100 mA; -veE = 1 v 

-re= 500 mA; -VeE = 1 v 

h parameter at f = 1 kHz 

-Ie=lmA;-VeE=5V 

Small signal current gain 

Switching times 

Turn-on time 

-le= 100 mA; -IB =+IBM= 5 mA 

Turn-off time 

-le = 100 mA; -IB =+IBM= 5 mA 

Storage time 

Fall time 

Test circuit: 

Pulse generator: 
Pulse duration tp .2: 10 µs 
Rise time tr ~ 15 ns 
Fall time tf ~ 15 ns 
Source impedance Rs = 50 Q 

4 II 

11 

Tamb = 25 °e unless otherwise specified 

BSV15-6_ BSV15-10 BSV15-16 
BSV16-6 BSV16-10 BSV16-16 
BSV17-6 BSV17-10 

> 
typ. 

15 
44 

20 
75 

30 
120 

typ. 63 100 160 
40 to 100 63 to 160 100 to 250 

> 
typ. 

hfe 

ton 

20 
40 

> 

< 

< 

< 

25 
55 

20 

500 

500 

150 

35 
85 

~---.{'\+SV 

7266329 

Oscilloscope: 
Rise time < 15 ns 
Input impedance .2: 100 kQ 

-20V 

ns 

ns 

ns 

II January 1972 
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BSV15 to 17 II 

7ZlllDI 

S. B. voltage multiplyingfactor at the - Ic max level. 1-1-.1.-1-1~-~-1-~-1-1-~ 
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Fig. 4. 
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1 tp (ms) 10 
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!! BSVIS to 17 

7Z62506 

S. B. current multiplyingfactor at the -VcEO max level BSV16 

1----1---1-0 =0,02 I- 0 ,01 --1f-+--+-l-+-hl+--+--+-+-+++t++---+----t--+-t--+-H-H 

o.s ~ 
0,75 ~ ........ b.J 

:!E::~:l:Y 
10-l 

Fig. 6. 

S. B. current multiplying factor at the -V CEQ max level 

1 tp (ms) 10 

7262504 

BSV17 

M1 1---1--~--l--~-H----+--+-+4--H-+++--+--+-t-++++tt---11--t--i---t-t-tt~ 
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BSV15 to 17 

II 

Zth j-mb 
(oe~) 

102 

10 

1 

~c5 =l 

I-- o.s· 

~ 0;3~ t;;;; 0.2 
~0.1 i::= ~ pOj~ ~ 

~ ~~~ 1-- 0 

10-l 

II 
7Z62515 

JlJL 
~;J tp 

&=-
T 

~ ff' "~r~~, ..... . ,: ' 

~ ~ 
~·' 

1 10 103 tp (ms) 104 

-VeEsm1--~-1-~+-+-1-+++++-~~+--+--+-+-+-+++;1--~-1 -le 
-VBEsm 1-~-r~+--t--t-+-++++-~~+--+--+--+-+-+++;t--~-1 

l.Si--~-t-~+--t--t-+-++-H-~~+--+--+--+-+-+++;t--~-1 

-=10 
-lB 
Tj=25 oe 
typ. values 

~ 11--~-1-~~+-1-+-+++.+-~~l---+--+--+-+-+++1~~-+---i___,l-+-l::Pf""HH 
.....1-1 

VBEsat 

/I 
v 0.51--~-+--+-+-+-+++H~~-+--+--+--+-IH-iH+~~t---t--t-~yill-+++-t 

I 
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1 10 102 -le (mA) 103 
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BSV15 to 17 

II II 
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l~--B-S-V6-4---'-
SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a T0-39 metal envelope primarily intended for use as a print hammer drive. It has 
good high current saturation characteristics. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tease= 50 °c 

Junction temperature 

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

Transition frequency at f = 35 MHz 
le= 0,5 A; VcE = 5 v 

Turn-off time when switched from 
Icon= 5 A; Ison= 0,5 A to cut-off 
with -lsoff = 0,5 A 

Vcso 

Vern 

lcM 

Ptot 

Tj 

hFE 

fT 

!off 

max. 100 v 
max. 60 v 
max. 5,0 A 

max. 5,0 w 
max. 175 oc 

> 40 

typ. 100 MHz 

< 1,2 µs 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

-0= + 
t ==0,51 

+max 
~~ <===::! 

• = 

~I_ 6.6 _J ___ m _J 
.. 5,08 -

....-- 9,4 ---.. 
max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max mtn ns93221 

~ Products approved to CECC 50 004-025, available on request. 
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BSV64 

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

Voltages 

Collector-base voltage (open emitter) Vcoo max. 100 v 
Collector-emitter voltage <RBE :> 50 Q) VcER max. 80 v 
Collector-emitter voltage (open base) VcEO max. 60 v 
Emitter-base voltage (open collector) VEBO max. 5 v 

Currents 

Collector current (d. c.) le max. 2,0 A 

Collector current {peak value) lcM max. 5,0 A 

Base current (d. c.) la max. 1,0 A 

Power dissipation 

Total power dissipation up to T case = 50 oc Ptot max. 5,0 w 

Temperatures 

Storage temperature Tstg -55 to +175 oc 

Junction temperature Tj max. 175 oc 

THERMAL RESISTANCE 

From junction to case Rth j-c 25 oc;w 

----

2 II December 1975 



Silicon planar epitaxial transistor 

CHARACTERISTICS 

Tj = 25 oc 

Collector cut-off current 
IE = O; V CB = 60 V 

Emitter cut-off current 
lc=O;VEB=4V 

Saturation voltages 
lc=5A; 1B=0,5A 

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

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

Transition frequency at f = 35 MHz 
lc=0,5A;VcE=5V 

Switching times 
I Con = 5 A; I Bon = -I Bo ff= 0,5 A 
-VBEoff = 2 v 
turn-on time 

turn-off time 

lcso < 10 µA 

< 

VcEsat < 
VBEsat < 

10 µA 

1,0 v 
1,8 v 

> 40 

< 80 pF 

typ. 100 MHz 

< 0,6 µs 

< 1,2 µs 

3 
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BSV64 

II II 
10 I 

7Z604?9 

l------1~-+---+l-i-+-l-+-y+::r+::r+---f---J_-+--j Tease.; SO °C 

---+--repetitive.Pulsed operation: 6 =0.1 +--+-.,+-t-rH 
IcMmax ~ 

Ic 
lAl 

Icmax 

I Ptot max [d.c.)Y "J\'\1.\ [\ ~ SOO 

~ \\i\ \ \ 1rns 
I\ \1-, \i\ .~ l+ 

second ~\~~ I 
10-11--- Ic I=== (rnA l' 1--1-+--+--+-! 

breakdown k \{\~ j 
ld.c.) " 10 +-

33 

m 

0 '--'--'---'--'--' 
SO VcE (V) 100 

Safe Operating Area 

I Region of permissible d. c. operation 
II Permissible extension for repetitive pulsed operation 
Ill D. C. operation in this region is allowable, provided RBE ,:::. 50 S1 

4 II II March 1971 
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SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors primarily intended for general purpose industrial and switching applications. 

QUICK REFERENCE DATA 

BSW66A BSW67 A BSW68A 

Collector-base voltage (open emitter) Vceo max. 100 120 150 v 
Collector-emitter voltage (open base) Vern max. 100 120 150 v 

Collector current (peak value) ICM max. 2 A 

Total power dissipation up to' T case = 25 °c Ptot max. 5,0 w 
Collector-emitter saturation voltage 

le= 500 mA; le= 50 mA VcEsat < 400 mV 

D.C. current gain 
le= 10 mA; VcE = 5 v hFE > 30 
le= 500 mA; VcE = 5 V hFE > 30 

Transition frequency at f = 35 MHz 
le= 100 mA; VcE = 20 V fT typ. 130 MHz 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-39. 

Collector connected to case. 

.... 5,08 ... 

- 9,4_ 
max 

b -0= + 
t ==0,51 

+max 
8,5 = 
max 

• = 

-L 6.6 __ 1 __ 12.7 _I 
max min ns9n21 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

15 Products approved to CECC 50 004-040, available on request. 
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RATINGS 

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

Collector-base voltage (open emitter) 

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

Collector current (d.c. or average) 

Collector current (peak value; tp .;;;; 20 ms) 

Total power dissipation up to 
Tamb = 25 oc 
Tease= 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
le= O; Vea= Vcsomax 

le= O; Vea= Y:.Vcsomax 

le= O; Vcs = Y:.Vcsomax;Ti= 15ooc 

Emitter cut-off current 
le= O; v.ES = 6 v 

le= o; ve8 = 3 v 

Collector-emitter breakdown voltege 
Is= O; le= 10 mA 

Saturation voltages 
le= 100 mA; Is= 10 mA 

le= 500 mA; Is =50 mA 

IC = 1,0 A; I 8 = 150 mA 

*See Application Information on page 8 . ...... .. ,, I 

Vcao max. 

VcEO max. 

Ve so max. 

le max. 

lcM max. 

Ptot max. 

Ptot max. 

Tstg 

Tj max. 

Rth j-a 

Rth j-c 

lcso < 
ICE!O < 
lcso < 

leso < 
leso < 

V(aR)CEO > 

VcEsat < 
VsEsat < 
Vcesat < 
Vsesat < 
Vcesat < 
VsEsat < 

SSW66A SSW67A aSW68A 

100 120 150 

100 120 150 

6 6 6 

2 

0,8 
5,0 

-65 to+ 200 

200 

220·. 

35 

100 

10b 

50 

100 

\ 100 

aSW66A SSW67A SSW68A 

100 120 150 

150 
900 

400 
1, 1 

1,0 ' 
1,4 

v 

v 

v 

A 

A 

w 
w 

oc 

oc 

0 ctw 
0 c/w 

µA 

nA 

µA 

µA 

nA 

v 

mV 
mV, 

mV 
v 

v 
v 
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Silicon planar epitaxial transistors BSW66A to 68A 

D.C. current gain 
le= 10 mA; VcE = 5 V 

le= 100 mA; VcE = 5 V 

le= 500 mA; VcE = 5 V 

le= 1,0 A; VcE = 5 v 
Collector capacitance at f = 1 MHz 

IE=le=O;Vca=10V 

Emitter capacitance at f = 1 MHz 
le= lc=O;VEa=O 

Transition frequency at f = 35 MHz 
le= 100 mA; VcE = 20V 

Turn-on time (see Fig. 2) 
Icon= 500 mA; Ison= 50 mA; -VaEoff = 4 V 

Turn-off time (see Fig. 2) 
Icon= 500 mA; Ison= -laoff = 50 mA 

Pulse generator: 
tµ;;. 5 µs t 

hFE 

hFE 

hFE 

hFE 

Cc 

Ce 

fT 

ton 

to ff 

Vee 

tr .;;;; 10 ns 
tt.;;;1Qns ov~ ~-.~;:::_-----1---.---t; 

+ 50S1 

~6,5V 
7Z77656 

Fig. 2 Test circuit for saturated switching characteristics. 
Vee= 13 V; V1M = 21 v. 

> 30 
typ. 75 

> 40 
typ. 90 

> 30 
typ. BO 

> 15 
typ. 20 

< 20 pF 

< 300 pF 

typ. 130 MHz 

typ. 0,5 µs 

typ. 0,9 µs 

( M•reh 1978 3 
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BSW66A to 68A 

4 

6 

Ptot 
(W) 

4 

2 

0 
0 

7Z77654 

~ 

~ 
~ 

~ 
~ '9: 
~ r;, . 

i:::,./·c.,, 
l"'i .?so 

~ C'/~ 

" ~ 
~ 

!'.. 
in free air A "' ~ l.11-.I thj-a = 220 oCIW 

lH:H3:lH3:±1 I 
50 100 150 T(oC) 200 

Fig. 3 Maximum permissible power dissipation versus temperature. 

V CE sat 1-----+---+---+---+-+-+-+++------"l----+--+---+--+--!1-+-1H---+---+---+-+---+-+-+-H 
~~ v 

t-----+--t--+--t-+-t-+-t-t----ir---t--+-+--+-iH-irt---t---+--t-+-t-t-1>'H 
(mV) if 

V1 
102 1----+---+--l--+-+-+-+++----+--l--+--l-+-!-H+---1--z..-:l-~-+--+--+-H-H 

z~ 

t-- VcEsat -+-+-+-t-1:-H+---i--+1----+i-~~fi-t+---+---t-l--t-++++t 

10 ~-~-~~~~~~-~-~~~~~~--~~~~~~-
, 10 102 le (mA) 103 

Fig. 4 I c/I B = 1 O; Tj = 25 oc; typical values. 



Silicon planar epitaxial transistors 
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Fig. 5 Vee= 5 V; Tj = 25 oc. 
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Silicon planar epitaxial transistors 

103~~~~~~~~~~~~~~~~§7Z~7~76~49 
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10-3~~~~Vi~~~~~~~~~~~~ 

0 100 200 
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BSW66A to 68A 

--

8 

APPLICATION INFORMATION 

Clamped inductive load turn-off capability 

With a base-emitter resistance of;;;., 330 .Q, Le. an available reverse base current of< 2 mA, and the 
maximum permitted clamping voltage i.e. the rated V CEO max• the transistor will be free from second
breakdown effects when turning off from collector current values up to the rated lcMmax of 2 A. 

Fig. 10 Test circuit: V1M = 50 V; tp = 3 ms; l'i < 0,03. 
D1 = BY206 or combinations of suitable faster diodes. 
V 0 Adjusted to make V (CL) equal to rated VcEOmax (see Fig. 11 ). 

le 
(A) 

2+-----i 

1 

0 t, 
VcEomax - ------ _v(CL) 

VcE 
(V) 

Fig. 11 Waveforms. 

7Z77655 

7277651 
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SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes, primarily intended for high-speed saturated switching and 
h. f. amplifier applications. 

QUICK REFERENCE DATA 

! BSX19 BSX20 I 

Collector-base voltage (open emitter) Vcso max. 40 40 v 
Collector-emitter voltage (open base) VcEO max. 15 15 v 
Collector-emitter voltage (VaE = 0) VcES max. 40 40 v 
Collector current (peak value) lcM max. 500 500 mA 

Total power dissipation up to Tamb = 25 oc Ptot max. 360 360 mW 

D.C. current gain at Tj = 25 oc 
le= 10 mA; VcE = 1 V hFE 20 to 60 40 to 120 
le= 100 mA; VcE = 2 V hFE > 10 20 

Transition frequency 
le= 10 mA; VcE = 10 V fT > 400 500 MHz 

Storage time 
le= la= -IBM= 10 mA ts < 10 13 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-18. 

Collector connected to case 

1,16 " 
max'\ 4501 

JI ~ ' " ' 

~. ~I============== 
'--, __ 5,3 --.1- 12,7min _I c -2.s4 ... 

--- 5,8 -max 

Accessories: 56246 (distance disc). 

max 
7Z694Z0.1 

October 1979 
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BSX19 
BSX20 II 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector-emitter voltage with VBE = 0 

Emitter-base voltage (open collector) 

Current 

Collector current (peak value; t = 10 µs) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Vcso 

VcEO 

VcES 

VEBO 

lcM 

ptot 

Tstg 

Ti 

Rth j-a 

Rth j-c 

II 

max, 40 v 
max. 15 v 
max. 40 v 
max. 4.5 v 

max. 500 mA 

max. 360 mW 

-65 to +200 OC 

max. 200 oc 

0.48 OC/mW 

0.15 °C/mW 

1) Limiting values according to the Absolute Maximum System as 'defined in 
!EC publication 134. 

2 II II June 1968 



CHARACTERISTICS Ti = 25· 0 c unless otherwise specified 

Collector cut-off current 

IE=O; VcB=20V 

IE= O; VcB = 20 V; Ti = 150 °c 

VBE = O; VcE = 15 V; Ti = 55 °c 

VBE = O; V CE = 40 V 

Emitter cut-off current 

Ic = O; VEB = 4.5 V 

Currents at reverse biased emitter junction 

VcE = 15 V;-VBE = 3 V; Ti= 55 °c 

Sustaining voltages 

Ic = 10 mA; IB = 0 

Ic = 10 mA; RBE = 10 r2 

Base-emitter voltage (see also page 8) 

Ic = 30 µA; VcE = 20 V; Ti= 100 °c 

Saturation voltages 

BSX19: IB = 0.6 mA 
Ic = lO mA; BSX20: IB = 0.3 mA 

Ic = 10 mA; IB = l mA 

Ic = 100 mA; IB = 10 mA 

Collector capacitance at f = l MHz 

Emitter capacitance at f = l MHz 

Ic = Ic = O; VEB = l v 

June 1968 
11 

IcBo 

IcBo 

IcES 

IcEs 

IEBO 

IcEX 
-IBEX 

VcEOsust 

VcERsust 

VBE 

VcEsat 

VcEsat 
VBEsat 

VcEsat 
VBEsat 

< 400 nA 

< 30 µA 

< 0.40 µA 

< 1.0 µA 

< 10 µA 

< 0.60 µA 
< 0.60 µA 

> 15 v 
> 20 v 

> 0.35 v 

< 0.3 v 

< 0.25 v 
O. 70 to 0.85 v 
< 0.60 v 
< 1.50 v 

< 4 pF 

< 4.5 pF 

11 
3 

--



BSX19 
II BSX20 

CHARACTERISTICS (continued) Ti = 25 °c unless otherwise specified 

D.C. current gain BSX19 BSX20 

Ic = 10 mA; VcE = 1 V hFE 20 to 60 40 to 120 

Ic = 10 mA; VcE = 1 V; Ti= -55 °c hFE > 10 20 

Ic = 100 mA; v CE = 2 v hFE > 10 20 

Transition frequency 

Ic = 10 mA; VcE = 10 V fT 
> 400 500 MHz 
typ. 500 600 MHz 

Switching times 

Storage time (see also· pages 20 and 21) 

Ic = Is = - IBM = 10 mA 
typ. 5 6 ns 

ts < 10 13 ns 

Test circuit: voltage at 
point P 

+lOV 

+sv - 10°/o 

0 time 

A -4V 

voltage at 

V· P 
point A 

0 I 
+10V time - ~ O.lµF -

-~ ~Q 
56.0. 

Pulse generator: Oscilloscope: 

Rise time tr < 1 ns Input impedance Ri 50 n 

Pulse duration t > 300 ns Rise time tr < ns 

Duty cycle &. < 0.02 

Source impedance Rs 50 n 

4 II II June 1968 



CHARACTERISTICS (continued) T j = 25 °e unless otherwise specified 

Switching times 

Turn on time (see also pages 14 and 15) 
from -VBE = 1.5 V to Ie = 10 mA; Is= 3 mA ton < 12 ns 
from -VBE = 2.25 V to Ie = 100 mA; IB = 40 mA ton < 7 ns 

Turn off time (see also pages 16 to 19) 
from Ie = 10 mA; Is = 3 mA BSX19 to ff < 15 ns 
to cut-off with -IBM= 1.5 mA BSX20 to ff < 18 ns 
from Ie = 100 mA; I8 = 40 mA to cut-off BSX19 to ff < 18 ns 
with -IBM = 20 mA BSX20 to ff < 21 ns 

Test circuit: 
V; 

A 100/o 

V; -iflo'lo 

!L 
'----'--'------'t"'-im"'-e time 

VA 
I 

V; 
I 
I 
I 
I td 

time 

Pulse generator: Oscilloscope: ---Rise time tr < 1 ns Input impedance Ri 50 n -
Pulse duration > 300 ns Rise time tr < 1 ns 

Duty cycle 6 < 0.02 

Source impedance Rs 50 n 

turn on time turn off time 

Ie Is -IBM Vee Rl;R2 R3 R4 -VBB -VBE vi VBB -Vi 
(mA) (mA) (mA) (V) (kn) (n) (Q) (V) (V) (V) (V) (V) 

10 3 1.5 3 3.3 50 220 3.0 1.5 15 12.0 15 
100 40 20 6 0.33 56 0 4.5 2.25 20 15.3 20 

Note 

-IBM is the reverse current that can flow during switching off. The indicated 
-IBM is determined and limited by the applied cut-pff voltage and series re-
sistance. 

June 1968 II 11 
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BSX19 
BSX20 
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VcE =1V 
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Typical values 
le 
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BSX19 
BSX20 
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BSX45 to 47 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 

QUICK REFERENCE DATA 

BSX45 BSX46 I BSX47 
Collector-emitter voltage (open base) VcEO max. 40 60 80 v 
Collector current (d.c.) le max. A 

Total power dissipation 
up to T case ; 25 oc Ptot max. 6,25 w 

Junction temperature Tj max. 200 oc 

Transition frequency at f; 20 MHz 
le; 50 mA; VcE; 10 V fT > 50 MHz 

BSX45-6 BSX45-10 BSX45-16 
BSX46-6 BSX46-10 BSX46-16 
BSX47-6 BSX47-10 

D.C. current gain 
le; 100 mA; VcE; 1 V hFE 

> 40 63 100 
< 100 160 250 

MECHANICAL DATA 

Fig. 1 T0-39. 
Dimensions in mm 

Collector connected to case. 

_,.. 5,08 ..,_ 

- 9,4 _ 
max 

c ' 

~D= + 
t ==0,51 

+max 
8,5 = 

max 

L = 
I_ 6.6 _J __ 12,7 ___ I 

max min 7Z5932-2. 1 

Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 

~ Products approved to CECC 50 002-174, available on request. 

( o"""" 1982 

-
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RATINGS 

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

Collector-emitter voltage (open base) 

Collector-emitter voltage (VsE = 0) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Base current (d.c.) 

Total power dissipation up to Tease= 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

' 2 December 1979 

VcEO 

VcEs 

VEBO 

le 

Is 

Ptot 

Tstg 

Tj 

Rthj-a 

Rth j-c 

BSX45 BSX46 

max. 40 

max. 80 

max. 7 

max. 

60 
100 

7 

max. 200 

max. 6,25 

-65 to+ 200 

max. 200 

200 

28 

BSX47 

80 v 
120 v 

7 v 
A 

mA 

w 
oc 

oc 

K/W 

K/W 



Sil icon planar epitaxial transistors BSX45 to 47 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified BSX45 BSX46 BSX47 

Collector cut-off currents 
1 1 nA VBE = O; VcE = 60 V ICES 

typ. 
< 30 30 nA 

VBE = O; VcE = 60 V; Tamb = 150 °c ICES 
typ. 1 1 µA 
< 10 10 µA 

VBE = O; VcE = 80 V ICES < 30 nA 

VBE = O; VcE = 80 V; Tamb = 150 oc ICES < 10 µA 
VBE = 0,2 V; VcE = 60 V; Tamb = 100 °c lcEX < 50 50 µA 
VBE = 0,2 V; VcE = 80 V; Tamb = 100 oc le EX < 50 µA 

Emitter cut-off current 
le= O; VEB = 5 V IEBo < 10 10 10 nA 

Collector-emitter breakdown voltage 
open base; le= 50 mA V(BR)CEO > 40 60 80 v 
VBE=O;lc=100µA V(BR)CES > 80 100 120 v 

Emitter-base breakdown voltage 
open collector; IE= 100 µA V(BR)EBO > 7 7 7 v 

Base-emitter voltage 
le= 100 mA; VcE = 1 V VBE < v 
lc=500mA;VcE= 1 v VsE 

> 0,75 0,75 0,75 v 
< 1,50 1,50 1,50 v 

lc=1A;VcE.=1V VsE 
typ, 1,30 1,30 1,30 v 
< 2,00 2,00 2,00 v 

Saturation voltage 
typ. 0,7 0,7 v le= 1000 mA; IB = 100 mA VcEsat < 1,0 1,0 v 

le= 500 mA; IB = 25 mA VcEsat 
typ. 0,5 v 
< 0,9 v 

Transition frequency at f = 20 MHz 
lc=50mA;VcE= 10V fy > 50 50 50 MHz 

Collector capacitance at f = 1 MHz 
IE= le= O; Vea= 10 v Cc < 25 20 15 pF 

Emitter capacitance at f = 1 MHz 
le= le= O; VEB = 0,5 v Ce < 80 80 80 pF 

Noise figure at f = 1 kHz 
I c = 100 µA; V CE = 10 V 
Rs= 1 kS2; B = 200 Hz F typ. 3,5 3,5 3,5 dB 

December 1979 3 



BSX45-6 BSX45-10 BSX45-16 
BSX46-6 BSX46-10 BSX46-16 
BSX47-6 BSX47-10 

D.C. current gain > 10 15 25 
le= 100µA; VcE = 1 v hFE typ. 28 40 90 

> 40 63 100 
le= 100 mA; VcE = 1 V hFE typ. 63 100 160 

< 100 160 250 

le= 500 mA; VcE = 1 V hFE 
> 15 25 35 
typ. 25 40 60 

le= 1 A; VcE = 1 v hFE typ. 15 20 30 
Switching times (see Fig. 2) 

Icon= 100 mA; Ison= -lsoff = 5 mA 
Turn-on time ton < 200 ns 

Turn-off time to ff < 850 ns 

-sv 
+20V 

-- v, ----
Fig. 2 Switching times test circuit. 

Pulse generator: Oscilloscope: 

Pulse duration tp = 10µs Rise time tr ..;;;; 15 ns 
Rise time tr ..;;;; 15 ns Input impedance Z1 ;;;.. 100 k.n 
Fall time tf ..;;;; 15 ns 
Source impedance Zs = 50 .n 

4 December 1979 



Silicon planar epitaxial transistors 

7Z82380 1 
10~---~--~~~~--~~~~~~~ 

1----+---+-+--1-+-+-t-+1----1--___, T case ,;;; 2 5 °c 

le 
(A)l--~--l-~-+--+--+-+-l---1-++-~---l~-+--+-+-+-l-++l 

1cmax 

non-repetitive pulse 
operation (o = O) tp 

!.'>.. ~ 10µs 

~_:-.,,.::::s~ ~ ~" ~ 30 

LO tO .... 
'<!" '<!" '<!" x x x 
r.n r.n r.n 

10- 2 L_ __ ..____._..__J......J-'-.1...1.."----"----'-"'--'---'~.L.J...J 
co co co 

1 10 VcE IV) 102 

Fig. 3 Safe Operating ARea; T case,;;; 25 °C*. 

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

* At case temperatures> 25 °c derate constant power portion of boundaries such that: 

BSX45 to 47 

. 200- Tease 
P(tp, o) = . (For very short forward mode pulse durations, i.e. tp < 3 µs, assume 3 µs 

Zth (tp, o) 

values for ,zth·l 

December 1979 5 
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BSX45 to 47 

Zthj-c 
(K/W) 

10 

/j = 1 
0,75 
0,50 

I 

0,30 
0,20 

0,10H 
0,05H 

061 
F'" 

~o 
l-i:f1 

7282392.1 

:;::::::::: 

E:'.:l 
~ 

.J:-1 

__n_n_ 
-1tpl- I tp 

/j=--r- T 

10-l 
10-6 10-5 10-4 10-2 

lllli llU 
10-l tp (s) 

Fig. 4 Thermal impedance versus pulse duration. Stabilization time is 10 s. 

7,5,.-,-...,.-,,................,-.,-.,....,.-.-,.......,...-.-,..........,.....,-.,-.,....,.-.-,-,-...,......,-.,-.,....,.-,-.,-,--.-,.......,......,......,,..........,.....,-,-7rZ~82~3-93,....,.1 

Ptot 1--1-+-1-+-+-+-t-t-t--t-1--1--+-J-+-+-t-t-t-t--t-1-t-+-t-+-+-+-+-t-1--t-1-t--+-l-+-+-t-+-t-1--+-J-1 

(W) t-+-t-t--t-~l-l""'..t-t-+-t-t--+-l-+-+-+-t-11-t-+-+-+-1-t-+-+-+-1-t-+-1-t-t-t--+-l-+-+-+-+-l-+-t-t--1 
~ 

1-+-+-1-+-+-+-+-+-+--+-t-t--+-!h..~?Si ........ ~~'-+---+-!-+-+-+-+-+-+--+-t-+-+-<-+-+-+-+-+-+--+-t-+-+-t-l-I 

I' t.) . 
/.(' 

"""'<. 1-+-+-!-+-+-+-+-+-+--+-t-+--+-!-+-+-t-+-+-f'.. Q> 1- +-+-+-+-+--+-1-+-+-!-+-+-+-+-+-+--+-t-+-+-t-I 
1-+-+-!-+-+-+-+-+-+--+-1-+-+-!-+-+-+-+-+-+~:b..-~/Ji--+-+-+--+-1-+-+-!-+-+-+-+-+-+--+-1-+-+-!-I 

,..., 

50 100 150 T (oC) 200 
Fig. 5 Maximum permissible power dissipation as a function of temperature. 
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Silicon planar epitaxial transistors BSX45 to 47 

7Z82382 

'----+--t---t-11--t-1-1-++----+--t---t-1--+-H-++----+---+-+-+TTTP , ma~~ 

I' 

VeEsat r-~--11---+--+--+-+-+-+++~~-1-~+--+--+-1-++++-~~+--+--1e.--1~v-1-+-l-l 

(V) ]T 

1,5 

VBEsat 
(V) 

0,5 

0 
1 

~ 

Fig. 6 le/ls= 10; - typical values; - - - limit values at Tamb = 25 °e. 
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_.j....-j- /"1 IL 
_.i.- ,,,... 
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- -+- TT L 
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Fig. 7 I ell B = 10; - typical values; - - - limit values at T amb = 25 oe. 
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7Z82388 1 

I 1 
I- 19 = 1 f- 18 mA 

P' Pl 16mA 
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Fig. 8 Typical values; Tj = 25 oc. 



Silicon planar epitaxial transistors 

7282389. 1 

TITI ·r_u J _l_ L 

t-t-+-+-+1 -~r-+-++~L~-'~1+-+-+-l-J~_l_~_l_+-+-+-t-t-+-+-+-+-+-l 
1-t-+-+-+ 286 - ++-- 2 4 mA t-+- 2 2 mA+-+-+-1-+-+-J-+-+-1 

mAi, i..- ,.... .,.. i- 20 mA -+-1-+-+-J 

J_l__l_1 LJ J 1 L I 

IL 
1-+-tt11~.._P-+-1-++-+-+-+-+-+-+-+~t-t-+-+-+-+-+-++ 2 mA 

0,25 P" 

Jf_ 

lL 
lLi 

lJ. 
IJL V" 

.IL 
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o......__.__._._..._._._..._._...L...J'-'--'--'-'-"'-'--'-1.....1...-'-'-'-.J.....1-'-"'-'--'--' 
0 2 VcE (V) 3 

Fig. 9 Typical values; Tj = 25 oc.' 
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BSX45 to 47 l _____ _ 
t---t--+-1--t--++-1H+---t--t--t-++++++----+---+-+-+++-+-J+--1---iBSX45-6 
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10- 1 10 10 2 le (mA) 10 3 

Fig. 10 V CE = 1 V; - typical values; - - - limit values at T amb = 25 °c. 
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10- 1 10 10 2 lc(mA) 103 

Fig. 11 V CE = 1 V; - typical values; - - - limit values at Tamb = 25 °c. 
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Silicon planar epitaxial transistors BSX45 to 47 

400~~~~~~~~~~~~~~~~~~...,....,-.,.,..,..~-.-~~~7Z~8~23:..:.:;98 
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0 

10- 1 10 102 103 le (mAl 

Fig. 12 V CE = 1 V; - typical values; - - - limit values at T amb = 25 oc. 
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Fig. 13 VcE = 10 V; f = 20 MHz; Tj = 25 oc. 
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Fig. 14 VcE = 1 V; - typical values; 
- - - limit values at T amb = 25 °c. 
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Fig. 15 V CBO = 60 V for BSX45 and BSX46; 
Vcso =so v for BSX47. 



---H J 
BSX59 to 61 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a T0-39 metal envelope with the collector connected to the case. The SSX59, 
SSX60 and SSX61 are primarily intended for very high speed core-driving purposes. 

QUICK REFERENCE DATA 

BSX59 BSX60 BSX61 

Collector-base voltage (open emitter) Vcso max. 70 70 70 v 
Collector-emitter voltage (open base) Vern max. 45 30 45 v 
Collector current (peak value) ICM max. 1 1 A 

Total power dissipation up to T amb = 25 °c Ptot max. 0,8 0,8 0,8 w 
Junction temperature Tj max. 200 200 200 oc 

D.C. cu~rent gain 
le= 500 mA; VcE = 1 V hFE > 30 30 30 

Saturation voltage 
le= 500 mA; Is= 50 mA VcEsat < 0,5 0,5 0,7 v 

Transition frequency 
le= 5C mA; VcE = 10 V fr typ. 450 475 475 MHz 

Turn-off time 
Icon= 500 mA; Ison= -lsoff = 50 mA to ff < 60 70 100 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-39. 

Collector connected to case. 

r. --o::=~0.51 +max 
B,5 = 

max 

' = 
t -- I 

i I I 
!.._ 6,6 .:-- 12.7 _1 

max min 1z<:i9Jn 1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

--
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BSX59 to 61 II 

RA TINGS Limiting values in accordance with the Absolute Maximum Syst~m (IEC 134) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 
Ic = 10 mA 

Emitter-base voltage (open collector) 

Currents 

Collector current (d.c.) 

Collector current (peak value) 

Emitter current (peak value) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

Temperatures 

Storage temperature· 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

From junction to mounting base 

2 II 

BSX59 BSX60 BSX61 

Vcso max. 70 

VcEO max. 45 

max. 5 

Ptot 

Rthj-a 

Rthj-c 

Rthj-mb 

max. 

max. 

max. 

70 

30 

5 

70 v 

45 v 
5 v 

l A 

A 

A 

max. 0.8 W 

-65 to +200 °c 

max. 200 °c 

II 

220 °c;w 

43 oc;w 

35 °c;w 

July 1971 



um

1 

__ 

CHARACTERISTICS 

Collector cut-off current 

Ti = 25 °c unless otherwise specified 

BSX59 BSX60 BSX61 

IE= O; Vcs = 40 v 
IE= O; Vcs = 40 V; Ti= 150 °c 

Emitter cut-off current 

le = 0; VEB = 4 V 

le = 0; VEB = 4 V; Ti = 150 °c 

Icso 

Icso 

lEBO 

lEBO 

< 

< 

< 

< 

500 

300 

300 

50 

Currents at reverse biased emitter junction 

-VsE = 4 V; VcE = 40 v +lcEX 
-IBEX 

< 
< 

500 
500 

-VsE = 4 V; VcE = 40 V; Ti= 150 °c ~~~:: < 
< 

300 
300 

Saturation voltages 

Ic = 150 mA; 18 = 15 mA 

le = 500 mA; ls = 50 mA 

le = 1 A; 18 = 100 mA 

D.C. current gain 

le = 150 mA; VcE = 1 V 

le = 500 mA; VcE·= 1 V 

le= 1 A; VcE = 5 v 

Transition frequency 

Ic = 50 mA; VcE = 10 V 

Collector capacitance at f = 1 MHz 

IE= le= O; Vcs = 10 v 

Emitter capacitance at f = 1 MHz 

le = le = O; VEB = 0.5 v 

July 1971 II 

VcEsat < 
VBEsat < 

0.3 
1.0 

VcEsat < 0.5 

VsEsat 
> 
< 

0.85 
1.2 

VcEsat < 
VBEsat < 

1.0 
1.8 

> 30 
typ. 70 

> 
< 

30 
90 

> 20 
typ. 40 

> 250 
typ. 450 

typ. 6 
< 10 

typ. 36 
< 50 

II 

500 

300 

300 

50 

500 nA 

300 µA 

500 nA 

50 µA 

500 1000 nA 
500 1000 nA 

300 
300 

0.3 
1.0 

0.5 
0.7 
1.3 

1.0 
1.8 

30 
90 

30 
90 

25 
50 

250 
475 

6 
10 

36 
50 

500 µA 
500 µA 

0.5 v 
1.0 v 
0.7 v 
0.7 v 
1.3 v 
1.3 v 
1.8 v 

30 
105 

30 
90 

20 
55 

250 MHz 
475 MHz 

6 pF 
10 pF 

36 pF 
50 pF 

3 

----
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BSX59 to 61 II 

CHARACTERISTICS (continued) 

Recovered charge 

Ic = 500 mA; IB = 50 mA 

Test circuit: 

Adjust C from zero to Copt 
Qs = Copt. Vi 

Pulse generator: 

Pulse duration 

Duty cycle 

4 II 

10 µs 

0.02 

Tj = 25 °c unless otherwise specified 

BSX60 < 5 nC 

II July 1971 



Silicon planar epitaxial transistors 

Switching times (see also Figs 4, 11 and 12) 

Turn-on time when switched from 
-VsE = 2 V to Icon= 500 mA; Ison= 50 mA 

Turn-off time when switched from 
Icon = 500 mA; I Bon = 50 mA to cut-off with 
-lsoff=50mA* 

+50V +30V 

10on/J 5on 
BSX59 l BSX60 
BSX61 

Fig. 4 Switching circuit. 

Pulse generator: 

Pulse duration 
Rise time 
Fall time 
Output resistance 

tp ;;;. 500 ns 
tr .;;; 5 ns 
tf .;;; 5 ns 
R0 50 n (during pulse, otherwise infinite) 

4 

24,75 

to ff 

16,7 v 
37,5 v 

* -lsoff is the reverse current that can flow during switching off. The indicated -lsoff is determined 
and limited by the applied cut-off voltage and the series resistance. 

( '"'' 1979 
5 
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BSXS9 to 61 

104 

Ic 
(mAJ 

10 
1 

104 

Ic 
(mAJ 

10 
1 

D.C.SOAR H 

~ 

~ 
T\ 
~ 

I 

~ 

10 

10 

7Z61J211 

BSX 59 
BSX61 

Tmb= 25°C 

--H 

~ 

~ 
l'l 

l 
VcE !VI 

7261322.1 

BSX59 
BSX61 

Ll.t1 
I 

I 

t2 I 
I ill 

. II 

VcE !VJ 

104 

Ic 
(mAJ 

10 
1 

10 4 

Ic 
(mAJ 

10 
1 

D.C. SOAR 

::s: 
cs: 

I\ 
N 

I 

7261320 1 

BSX60 

Tmb= 25°C 

~ 
-\_ 

:'S / 

10 VcE !VI 

72613191 

BSX60 

t, 

~ 
\ 

til 

~ ill 

II 

\ 
10 

Region ofpe:rmissible operation during switching off with -V BB = 4 V; RBE = 39 11 
II Permissible extension for repetitive pulsed operation. 

ti limits operations with tp :s: 0. 1 µs; o = 0. 25 
t2 limits operations with tp :::; 1 µs; o = 0. 25 

III Operation in this area is not allowed. 

6 II II July 1971 



Silicon planar epitaxial transistors 

1cso 
(µA) 

10 

30 

ton 
(ns) 

20 

10 

0 

7Z8243B 

.?l y 

ma~ 

tL 
z 

[Z 

~ 
_L 

z 

50 100 T· (oC) 150 

Fig. 9 Vee = 40 v. I 
7ZB2440 

~ ~ 

~· L. 
kl 

!-"I ~ 
IA"" ~~ +-"'! J...'I 

I-' 
H--1"'" 

-50 0 50 100 150 
Tj (°C) 

Fig. 11 -VsEoff = 2 V; Icon= 500 mA; 
Ison= 50 mA; typ. values. (See also Fig. 4.) 

BSX59 to 61 

I EBO t---t-+--+-+-1--t-+--t-+-1--t--+-t--lr-lz 
(µA ) t--+--+---+-+--1-+--+-+-r-+--+--1-Ar..,rt--1 

IA~ 
10 ~alififi~IL..~~ 

IZ 

BSX6121:2' BSX 5 9 --+-+-+---+-+-+---< 

max 4-A- BSX 60 _,__........._.~-+--+----< 
f I J.W 
max~.Ll+-+--+--+---+--<1-+--t---1--+-+--+-4 
ll 

10- 1 ~~-+--~~~--+--~~~--+--~ 

0 50 100 0 150 
Tj ( C) 

150,......,..~F~ig_.~10,......,..V~E~B_=,......,..4~V~·~,......,..~1z_a~24.....,41 

t off i-+-+,->--+--+-+--+-+-+-+--+-+-+-+-+-+-+->--+-<[21 

( ns ) i-+--+--+-+-+-+--+-+-+-+--+-+-+-+-+-+-+-Vr 

v 
1 0 0 1-+--+--+--+--+-+--+-+--+--+-+--+-+-171 ......... -+--+--of--f r JAi.A 

BSX61cY° L.d L.d 

50 ~s;~,~~+-+~l"'1_,,..F+-+-+-H-+-+-++i 
BSX59-lo4 .... -+-1-+-+-+-+-+-+-1-1--++-+-1 

0 ~~--+--~~--+--~~-~~~ 
-50 0 50 100 150 

Tj (°C) 

Fig. 12 Icon= 500 mA; Ison= -lsoff = 50 mA; 
typical values. (See also Fig. 4.) 

( '"'' 1979 
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BSX59 to 61 

0,6 

VcEsat 
(V) 

0,4 

0,2 

t--

t--

t--

0 
10-1 

8SX59 J'S 

±± 
J_ J_ 

8SX60 

8SX61 ~ 

7Z82450 

Vi 
(J_ 

~ 
~ (l ~ 

J"'o... ~ ~ 

-b_ l-~ 
........... "'I m ~ ~ N 

8j t..... ~ F -
10 le (mA) 

Fig. ~3 lc/19 = 10; Ti= 25 °c; typical values. 

V 8 E sat t---+--+--1-+-++t++---J---+-J-+-++H+---+---1-++-+++1+--+---1-+-1--1-+++-1 

(V) 

t--__,t--+-lr-+-~rtt----+--+-+-+-+-++++--+-+-+typtt:1o~~'---+--+--t--t-+-1-+tt 

0,5 t--___,t--+-lr-+-~rtt----+--+-+-+-+-++++--+--+-+-++++++---+--+-+-+-+-+++l 

o.__~.__...__L-...J..."-'-L.J.l....~-'--'--'-..._._ ............. ...__~...___._..........._....__._..........._~_.___._._.....__..~ 
10-1 10 lc(mA) 

Fig. 14 lc/19 = 10; Tj = 25 oc. 

8 J"IY 19791 
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Silicon planar epitaxial transistors 

0,6 

VcEsat 
(V) 

0,4 

0,2 

0 

IL ..... 
1-f""' 

.....,.. 
..... 

~ 

7Z82442 

IIIII ~ 
lc=500mA IA-+-

~ 
i7 

~ 

100mA t-t--t-

't'-1-

-50 0 50 100 150 
Tj (°C). 

Fig. 15 le/I B = 10; typical values. 

1,5 

VBEsat 
(V) 

0,5 

N 

""' r;.... 

!'-.. 
~ 

!'-.. 
1'-. 

7Z82444 

t- le= 500mA 
H-

""' "'"N 100mA -,..., 
N-

15 

Cc 
(pF) 

10 

5 

0 

[I; 

~ 

JS: 

0 

BSX59 to 61 

7Z82443 

~ 
!"I typ 

20 VcB (V) 40 

Ce 

(pF)~-+--+---1-+--+--+---1-+--+---1 

50 ~-+--+---l-+--+--+---1-+--+---1 

0 0 .__.....__,____,_...__.____.__.___..___._~ 

-50 0 50 100 150 0 2,5 VEB (V) 5 
Tj (°C) 

Fig. 17 lc/IB = 10; typical values. Fig. 18 le= le= O; f = 1 MHz; Tj = 25 oc. 

~-J-u-ly_1_9_7_9-.--------9~ 



BSX59 to 61 l __ _ 
100 H:1 

L-~.1--_,_-l-J.~-'-'-'c.._--''--_,__._._-'-"-.......,_~___,_~._.P'_k"'"4--..._.BSX60~:S::~~...._-l-4_._........._. 

17 p"" BSX59 ~ 

501--~+---+--1-4-l-l-l+l'---_/'-i.-~-i..-l-t.,.jq.+++~-/4p,,,,£.f-4-!-++f+f-~-+--l-+........i~r-H~ 

v..... -:;;?' I\ 

Fig. 19 VcE = 1 V; Ti= 25 oc; typical values. 

1001--~+---+--1-4-l-l-l+ll--~t---l-.J-+--l-l-+++~--l~+-Jl/.£+-.j....j...i-Y'l7:__--1---1-1.--.l\..lu..J.~ 
1--~t---l-l--+++-+-1+~-+--l--++-l-+-l-l-l-~-l--h.'~+..J.44.141-~-lBSX19~ 

17 f7 p 

7 p 
p 

O'--~-'---'--..L...l-"-'..L.L.'--~'---'-.._._-'-'-..l..U.~--'~"--'--'--'-'-u...i..~--1..--''--'---'-L...L..l..u 
10-1 10 le (mA) 

Fig. 20 VcE = 5 V; Ti= 25 oc; typical values. 
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Sil icon planar epitaxial transistors 

150 7282446 

1-1---+-+---1--1-1--+-+---1--1-1---1-4-+---1issx59 

10mA.Jj-H 
hFE 1-1--..+-+---1--1-1-..+-+---1--1--1---1-4---1--l-l-~-+---1 

1-1----1-+---1-i.+-.L...L---+ I C = 1 0 0 m ~_._,___,___,__, 

100 J7 
H--++--500m~+='-~v~J7..,.._+-+-.~~-l--H 

;p 17 
l7I 

1 .... 1m~ 

OL...1...-1.....J---l--l-l---LJ---l-.L...L...J-L-J.....J......1._L_l.....J_J 

-50 0 50 100 150 
Tj (°C) 

Fig. 21 VcE = 5 V; typical values. 

h FE L...!.......L...1.-'--L..J....-'-~--"l/:<..L..J. 5 0 0 mA f}y 

rl 

50'--'-...J.......J---1-.J......1.....1-'r-::'--'--'.._,_--L-'-L--L.-L-l-J......'-J 
J:;;; v 

0 L-J.......L...L---1-.l-L-'-1---1-L.L...L....l---l-.J.....J...--LJ'--J.....J 

-50 0 50 100 150 
Tj (°C) 

/ Fig. 23 VcE = 5 V; typical values. 

BSX59 to 61 

150 
7Z82447 

t 1 t lt BSX60 

le= 100mA 1111 
!III 
12_mA 17 

J7 clEH 17' 
II 

100 ~ JZ 500mA H 
]....- V' 

i..,. 

i.....i ~ 
d2 1 mA/ 

j7 
]...; I,; 

l7 
i.-1 17' 50 

I/ 
17 v 

J:;; 
J.,.. 

0 
-50 0 50 100 150 

600 

fT 
(MHz) 

400 

200 

0 

Tj (°C) 

Fig. 22 VcE = 5 V; typical values. 
7Z82449 

VcE=10V 
k" ~ 

~ ;-+-j.... ,_...... 
'N-.. 5V 

r7 ::tt if 
,.... 

'!'-- --ri '!-.... 
+... 2V 

'!"'-

0 100 le (mA) 200 

Fig. 24 f = 100 MHz; Tj = 25 oc; typ. values. 
~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a T0-18 metal envelope intended for general purpose low level switching appli
cations. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 oc 

D.C. current gain 
le= 10 mA; VcE = 0,35 V 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 9,0 V 

Storage time 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

Vcao 

VcEO 

lcM 

Ptot 

hFE 

fr 
ts 

max. 20 v 
max. 15 v 
max. 200 mA 

max. 300 mW 

50to 200 

> 200 MHz 

< 50 ns 

Dimensions in mm 

4• [ ~II=== 
I .... 5,3 _.I __ 12,7min -' 

+o s1 +max 

.-s.a-. 
max 

Accessories: 56246 (distance disc). 

max 
7Z69420.1 

( ·~~"'' 1979 
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BSY95A J 
RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCBO max. 

V CEO max. 

VEBO max. 

*I C(A V) max'. 

ICM max. 

Ptot max. (Tamb :S25oC) 

*Averaged over any 20ms period. 

Temperature 

Tstg min. 

Tstg max. 

Tj max. (operating) 

THERMAL CHARACTERISTIC 

Rth(j-amb) 

20 

15 

5.0 

100 

200 

300 

-65 

175 

175 

0.5 

v 
v 
v 

mA 

mA 

mW 

oc 

oc 

oc 

degC/mW 

ELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise stated) 

Min. Max. 

ICBO Collector cut-off current 
VCB=16V, IE=O 50 nA 

VBR(CBO) Collector-base breakdown 
voltage 
I~=l.OµA 20 v 

T Emitter cut-off current ';;;no 
VEB=l.5V, Ic=O 25 nA 

V(BR)EBO Emitter-base breakdown 
voltage 
IE=lOµA 5.0 v 

1CEO 
Collector-emitter cut-off 
current 
vcE=l2V, IB=o 250 nA 

V(BR)CEO Collector-emitter breakdown 
voltage 
IC =lOmA** 15 v 

fT Transition frequency 
Ic=lOmA, VCE=9.0V, 

f=lOOMHz 200 MHz 

**Pulsed: Pulse width=300µs, duty cycle <2%. 

November 1979 



Silicon planar epitaxial transistor 

-- _[ ____ -~,-

- BSY95A 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--

V CE(sat) 

YBE(sat) 

t 
s 

Common emitter forward 
current transfer 'ratio 
Ic=l.OmA, V CE=0.35V 

Ic=lOmA, vcE=0.35V 

Collector-emitter 
saturation voltage 
IC=lOmA, IB=0.2mA 

Base-emitter saturation 
voltage 
IC=lOmA, IB=0.2mA 

Collector-base capacitance 
V CB =9.0V, IE=O 

f=l.OMHz 

Storage time 
Ic=lOmA 

See test circuit on page 4 

SOLDERING AND WIRING RECOMMENDATIONS 

Min. 

30 

50 

0.67 

Max. 

200 

0.35 v 

o. 87 v 

6.0 pF 

50 ns 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°c for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any.time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a_ board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1. 5mm from the 
seal. 

4. If devices are stored at temperatures above 100°c before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 

November 1979 3 
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-B-SY9-5A_Jl ______ _ 
STORAGE TIME TEST CIRCUIT 

2·5nF 
56.0 

llV 

O=u------f 
Vin 

-10- - - --- --

Vin Rise time less 
than Ins 
tp 2:300 ns 

Duty cycle<2"i• 

IOpF 

2:•5nF 

IOpF 

91.0 

+ 
IOV 

+6V---=--""'1 
- - - - -10°/o Pulsa 

waveform 
at point 'It. 

Vout 

---....-------"'~:.:.IQ."/.!_ l 
i.- ts -.1 

Input and output waveforms 
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PH2222; R 
PH2222A;R 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in plastic T0-92 variant envelopes, primarily intended for switching and linear 
applications. · 

QUICK REFERENCE DATA 

PH2222;R PH2222A;R 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base) Vern max. 30 40 v 
Collector current (d.c.) le max. BOO 800 mA 

Total power dissipation up to T amb = 25 cc Ptot max. 625 625 mW 

Junction temperature Tj max. 150 150 oc 

D.C. current gain at Tj = 25 oc 
le= 10 mA; Vee= 10 V hFE > 75 75 

Transition frequency at f = 100 MHz 
le= 20 mA; Vee= 20 V fy > 250 300 MHz 

Storage time 
Icon= 150 mA; Ison= -lsoff = 15 mA ts < 225 ns 

MECHANICAL DATA of PH2222 and PH2222A Dimensions in mm 

Fig. 1 T0-92 variant. 

3 

'~ 
7Z6'71lt5 

I.,_ S,2max ~·>+-----12,7min 

0,67 
max 
~ I 0 ~=l===I = 

1Z709941 

diameter within 2,Smax ] I 
1s uncontrolled ..... --

The PH2222R and PH2222AR are available on request; they have cbe pinning instead of ebc. 

* 0,40 
t min 

+ 0,49 
t max 

-
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PH2222;R l PH2222A; R 

RATINGS 

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

PH2222; R PH2222A; R 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base} VcEO max. 30 40 v 
Emitter-base voltage (open collector) VEBO max. 5 6 v 

Collector current (d.c.) le max. 800 mA 

Total power dissipation 
up to Tamb = 25 °c Ptot max. 625 mW 

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 200 ·K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
PH2222;R PH2222A; R 

IE=O;Vcs=50V lcso < 10 nA 

IE = O; V CB = 50 V; T amb = 150 oc lcso < 10 µA 

'E = O; Vcs = 60 v 'cso < 10 nA 

IE= O;Vcs = 60V;Tamb= 150 °c 'cso < 10 µA 

Emitter cut-off current 

- le= O; VEB = 3 V IEBO < 10 10 nA -- Currents at reverse biased emitter junction - ICEX < 10 nA - VcE = 60 V; -VsE = 3 v 
-ls EX < 20 nA 

Breakdown voltages 
IE= 0; le= 10 µA V(BR}CBO > 60 75 v 
Is= 0; le= 10 mA V(BR}CEO > 30 40 v 
le= O; IE = 10 µA V(BR}EBO > 5 6 v 

Sa tu ration voltages * 
le= 150 mA; Is= 15 mA VcEsat < 0,4 0,3 v 

VsEsat 
> 0,6 v 
< 1,3 1,2 v 

IC = 500 mA; I B = 50 mA VcEsat < 1,6 1,0 v 
VsEsat < 2,6 2,0 v 

* Measured under pulse conditions: tp.;;; 300 µs; /l .;;; 0;02. 

, J.,, .. , ,,., I 
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Silicon planar epitaxial transistors PH2222; R 
PH2222A;R 

D.C. current gain 
PH2222; R PH2222A;R 

le= 0,1mA;VcE=10V hfE > 35 35 
le= 1mA;VcE=10V hf E > 50 50 
ic = 10mA;VcE=10V hFE > 75 75 
le= 10 mA; VcE = 10 V; Tamb = -55 °c hf E > 35 
le= 150 mA; VcE = 1 V* hf E > 50 50 

le= 150 mA; VcE = 10 V* hFE 
> 100 100 
< 300 300 

le= 500 mA; VcE = 10 V* hfE > 30 40 

Transition frequency at f = 100 MHz 
le= 20 mA; VcE = 20 V fr > 250 300 MHz 

Collector capacitance at f = 100 kHz 
IE=le=O;Vcs=10V Cc < 8 8 pF 

Emitter capacitance at f = 100 kHz 
le= le= O; VEB = 0,5 v Ce < 25 pF 

Feedback time constant at f = 31,8 MHz 
le= 20 mA; VcE = 20 V rbb' Cb'c < 150 ps 

h-parameters (common emitter) 
le= 1 mA; VCE = 10 V; f = 1 kHz > ,2 kn 
Input impedance hie < 8 kn 
Reverse voltage transfer ratio hre < 8 10-4 

Small-signal current gain hfe 
> 50 
< 300 

Output aqmittance hoe 
> 5 µAN 
< 35 µAN 

le= 10 mA; VcE = 10 V; f = 1 kHz > 0,25 kn 
Input impedance hie < 1,25 kn 
Reverse voltage transfer ratio hre < 4 10-4 

Small-signal current gain hfe 
> 75 -< 375 -

Output admittance hoe 
> 25 µAN 
< 200 µAN 

le= 20 mA; VcE = 20 V; f = 100 MHz 
Small-signal current gain hfe > 2,5 3,0 

le= 20 mA; VcE = 20 V; f = 300 MHz 
Real p:-irt of input impedance Re(hiel < 60 60 n 

Noise figure at f = 1 kHz 
lc=0,1 mA;VcE=10V 
RG = 1 kn; B = 1 Hz F < 4 dB 

• Measured under pulse conditions: tp,,;;; 300 µs; 5.;;;; 0,02. 
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PH2222; R l 
PH2222A; R -~~~~~~~~~~~~~~~~~ 

Switching times (between 10% and 90% levels) for PH2222A; R 

Turn-on time when switched to Icon= 150 mA (see Fig. 2) 
delay time 
rise time 

Turn-off time when switched from Icon= 150 mA (see Fig. 3) 
storage time 
fall time 

td < 
tr < 

ts < 
tf < 

Vee 

Fig. 2 Input waveform and test circuit for determining delay time and rise time. 

vi= -0,5 v to+ 9,9 V; Vee=+ 30 V; R1=619 a; R2 = 200 a. 

Pulse generator: Oscilloscope: 
pulse duration tp .:;;; 200 ns input impedance zi > 
rise time tr .:;;; 2 ns input capacitance Ci < 
duty factor 5 om rise time tr < 

v, Vee 

+16,2V 

10 ns 
25 ns 

225 ns 
60 ns 

100 kU 
12 pF 
5 ns 

-

4 

trme 
v, 

-13,BV --=. ~l-100µs-1 
7Z88673 

Fig. 3 Input waveform and test circuit for determining storage time and fall time. 

Va 
osc1Jloscope 

7Z85736 

Vee=+ 30 V; Vss = -3 V; R1=1 kU; R2 = 200 a; R3 = 20 kU; R4 = 50 a; 01=1N916. 

· Pulse generator: 
fall time 

A"'"" 1982 I 
I• 

< 5 ns 

; 

Osei II oscope: 
input impedance 
input capacitance 
rise time 

zi > 100 kU 
Ci < 12 pF 
tr < 5 ns 



------------------T ...... -__ P_H_2_3_69---: 

SILICON PLANAR EPITAXIAL SWITCHING TRANSISTOR 

N-P-N transistor in a plastic T0-92 variant envelope intended for high-speed switching applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 oc 

D.C. current gain 
le= 10mA;VcE=1V 
le= 100mA;VcE=2V 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 10 V 

Storage time 
Icon= Ison= -IBoff = 10 mA 

MECHANICAL DATA 

Fig. 1 T0-92 variant. 

3 

,~ 
7Z5714S 

Vcso 

VcES 

VcEO 

ICM 

Ptot 

hFE 
hFE 

fT 

ts 

max. 40 v 
max. 40 v 
max. 15 v 
max. 500 mA 

max. 500 mW 

> 40 
> 20 

> 500 MHz 

< 13 ns 

Dimensions in mm 

• 0,40 
t min 

\,._ S2max ...,.,1..., ----12,?min ----

!---I .0 ~I t 0,49 
t max 

0,67 
max 

" 
diameter within 2,5 max I I 
is uncontrolled __.. .._ 

7270994 1 



PH2369 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 40 v 
Collector-emitter voltage (VsE = 0) VcES max. 40 v 
Collector-emitter voltage (open base) Vern max. 15 v 
Emitter-base voltage (open collector) VEBO max. 4,5 v 
Collector current (peak value; tp = 10 µs) lcM max. 500 mA 

Total power dissipation up to Tamb = 25 °c Ptot -max. 500 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj rnax. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 250 K/W 

CHARACTERISTICS 

T amb = 25 °c unless otherwise specified 

Collector cut-off current 
IE=O;Vcs=20V 'cso <- 400 nA 
'E = O; Vcs = 20 V; Ti= 125 oc 'cso < 30 µA 

Emitter cut-off current 
le= 0; VEB = 2 V IEBQ < 100 nA 

Saturation voltages 
le= 10 mA; Is= 0,3 mA VcEsat < 0,30 v 
le= 10 mA; Is= 1 mA VcEsat < 0,25 v 

VsEsat 0,70 to 0,85 V 

le= 100 mA; Is= 10 mA VcEsat < 0,60 v - VsEsat < 1,50 v 
D.C. current gain 

'c = 10 mA; V CE = 1 V hFE 40 to 120 
'c = 10 mA; VcE = 1 V; Tamb = -55 °c hFE > 20 
le= 100 mA; VcE = 2 V hFE > 20 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 10 V fT > 500 MHz 

Collector capacitance at f = 1 MHz 
IE=le=O;Vcs=5V Cc < 4 pF 

Emitter capacitance at f = 1 MHz 
le= lc=O;VEB= 1 v Ce < 4,5 pF 

Switching times 

Storage time (see Fig. 2) 
typ. 6 r:is Icon= Ison= -lsoff = 10 mA ts < 13 ns 

2 October 1979 



----S-i-li-co_n_p_l_an_a_r_e-pi-ta-x-ia-l-sw--it-ch-i-ng-t-r-an-s-is-to_r ________ ·_-_____ -_-_-_·_-----~-·~----------P-H __ 2_3_6 __ 9 ______ ~ 
Oscilloscope: Pulse generator: 

tr < 1 ns 
tp > 300 ns 
0 < 0,02 

Ri = 50S1 
tr < 1 ns 

+10V 

Rs 50 S1 

A 

QI 0,1 µF 

-10V--- Vil 
56S1 

~ 

+11 v 7Z77953 

Fig. 2 Test circuit and waveforms. 

Turn-on time (see Fig. 3) 

from -VBEoff = 1,5 V to Icon= 10 mA; I Bon= 3 mA 
from -VB Eoff= 2,25 V to ·icon= 100 mA; I Bon= 40 mA 

Turn-off time (see Fig. 3) 

Icon= 10 mA; I Bon= 3 mA; -IBoff = 1,5 mA 
Icon= 100 mA; I Bon= 40 mA; -IBoff = 20 mA 

Vp 

+6V - • -10% 

t 
100% 

time 
0 

I 
-4V ---+-

VA 

+lOV1-----l----~ti~m~e 

7Z77952 

ton < 12 ns 
ton < 7 ns 

to ff < 18 ns 
to ff < 21 ns 

October 1979 3 
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---P-H-23_6_9 __ J 

---

Pulse generator: 

tr < 1 ns 
tp > 300 ns 
/j < 0,02 
Rs 50 IJ, 

Osei 11 oscope: 

Ri 501;/, 
tr < 1 ns 

I 
I 
I 
I 
I 
I 
I 
I 
I td tr 
, __ , ___ , 

v88 7Z77954 

i I 
90 °/o 1 

i : 
--I-

I 
I 

toff 

t 
90°/o 

+-------r---i 10 °to i 
- - - - -----""-1----1--=-'-;:_-'-

t 
7Z77951 

Fig. 3 Test circuit and waveforms. 

turn-on time turn-off time 

Icon Ison lsoff Vee R1 R2;R3 R4 Vss VsE Vi Vss Vi 
mA mA mA v IJ, kl;/, n v v v v v 
10 3 -1,5 3 50 3,30 220 -3,0 -1,50 15 12,0 -15 

100 40 -20 6 56 0,33 0 -4,5 -2,25 20 15,3 -20 

4 October 1979 



Silicon planar epitaxial switching transistor PH2369 

so? 

2si--~-t--t-t-++-t-ttt--~--t----!---l-++-+-+++-~--l--____jf-----:~--H-U-l 

1500 

fT 
(MHz) 

1000 

500 

0 
0 

I/I 
~ 

171 

25 

Fig. 4 VcE = 1 V; Tj = 25 oc. 

7288007 

typ 

I-+-

50 75 lc(mA) 100 

Fig. 5 VcE = 10 V; Tj = 25 oc. 
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PH2369 J 

v y 

OL.....J'--L-l..-L-1-...l-.-'--l-1'--L---l........J.......L-.J..-.J...._1-l-l..---l...-'--'-..!.-.1-J'--L-l..-L-1-..J.......J 

200 400 600 f (MHz) 800 
Fig. 6 Vea= 10 V; Tamb = 25 °e; typical values. 

2Q. 
7Z88010 

-- bie . 
lo--- (mA/V) 

-

-20'--'-'----'--'--'--"--"'--'--'-'----'---'--'--'--.1-..JL-J.--J..--1..--'--'--'--.1-..J-'----'--'--'--'--' 
200 400 600 f(MHz) 800 

Fig. 7 Vea= 10 V; Tamb = 25 °e; typical values. 
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- PH2369 

~~~~~~~~~~~~~~~~~~~~~~~--' 

Silicon planar epitaxial switching transistor 

,__,__,__.__.___.__.__.__,___,__,__,__,__,__,__,__,__,__.__,__._-IE= _J-:::; 
1--1-+-+--+-+-1-+-+--+-+-1-+-+--+-+---<1--1--1---1--1-10mA ~ 

IYrel 5mA~ ~ 
(mA/V)l-i--t--+-t-+-t--1--t--+-t-+-t--1--t--+-t-+-t--1--t--+2~mr.A~~J:>-~~~~F--t-+-+-+-l 

~ 

51--+--l--+-+-li-+-+-+-l-+-+--l-~k;;;;"""l-~-+-+-1-+-+--l-~-1--1--l--ll-1---l--I 
b:P" 

0 L-L......J'-L--1---'---'--+--'--'-_,__..__ ......... __,___,__._--1..._.__,__,_.._..__ ......... ---L__,_--L......J.......J.......J 

200 400 600 f (MHz) aoo 
Fig. a Vea= 10 V; Tamb = 25 oe; typical values. 

t--+--<--+--1-_,__.__.__.__,_..._...-IE= +-+-+-1-+--+-1--+--1--1--1--+-+-.__,1--1--1 

1--1--11-+--+-+--+--r--+-+-+-+,. 2 mA +-+-l--l--+-+-+--++--+-+-+-1--1-1--J.-l 
t- .L1>5mA+-+-+---"1-+--+-!--+--l--+-+-+-+-.__,1--1--1 

-<P re i-=!"-f-...l:N=o-+t--+1-1-++-+-+-+.'ii,.<..1/y_10 mA 

\~ 
717 r-r-
v~ 

:z 

00°1-1r-t-t-+-t-+-+-t-1-+-+-t--t-+-+-t-1-+-+-F=llf.=lllio...~-i,.d-+--l-~l-l--4 
~ 

Fig. 9 Vea= 10 V; Tamb = 25 oe; typical values. 

-

-
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PH2369 J 
JYteJ ~ -

(mA/V)1--1-~~1'._...:!o(..-1---1.--1-.J-.11--1-+.-'--l--'--l-.J-.11--1-+.-'--+---1--1-+--1~-+.-'--+--4-1 
'----'--'-~l"'i_i-...L"'"-'--1--1---<--+--1--1--<-1---1-->- - IE = _,__,__,-1-__.___,___,__,_-1-..__,-1---< 

"-p...i~-+-l-~f':~-..t,.-l--t-+-f-11-+-+-t10mA-+--'-'--'-__.__,____,__,_-1-,_,__,_--' 
l--lr-;;;;-1-1'...~.,,J__-l--l-~~--1"p.j....+--+--l--l-+..L/-v5mA_,_,__,-1-__.___,___,__,__,__..__,-1---< 

N..._ ~ //l/2mA 

I/ 

0L-J'-L--1--L.-l--1-..L-L-.1-'--'--'--'--'---'-L-.l-'--'-.....L...-'--1-.L.......J'-L---L..-L......L.......l..-J 
200 400 600 f (MHz) 800 

Fig. 10 Vcs = 10 V; Tamb = 25 oc; typical values. 

-~f e 1-11-+-+-+-+--+-+-!--!-+-+-+--+--+-+-!--!-+-+-+-+-+-+-f-IJ..--+.l---+:..-::;;l..-+-"1 

'--'--'--'--'-.1-..1 -1 E = .J.-+.-.;1-+-l--+--l--l--l-.J-11-+..,,.i.""'.J..--+'--< ....... l-+-='-... .J...-'l"=-!+-1-++--+-l 
1-1'-l.-+.-1....-L-~lOmA,._-1-.J-.11-+-+-+--J-+,.~-'~J..-l--l-l-"'_,.,...-1".L.-~J..-l--l.+-l-+--b,..j..o~.i--==++--1 

5 mA h J....-""" l,...-1- .J.,...J--
- 1000 l--l-l--l--+--.+--1---i2-m+A-1 ,°"f':~~;f',-~~ ..... -+t.-:J...,..'r!=--:.+j;"'~~::..--;.i..-.~-:~:~~~J..-~+ol-""l--'"":_~+""'-+l---;---1+--+I---;~ 

"~ v J....-1"" 

50°L-J'-L--1--L.--l.--l-..L-L.....J.--L.--1..-L---l.-..l-..L-L.....J.--L.--1......l-...L-..L.-.l-J'-L--1--L.....I-~ 
200 400 600 f (MHz) 800 

Fig. 11 Vcs = 10 V; Tamb = 25 °c; typical values. 
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1--'----''----'----'--'---'----'- - I E = +---t-+--t---f--t---+---+---+--+--+--+---+---1----1---1---1----1----l-__j_____.j 

,____,f--+--+-+--1----1--1-10mA 
g oe 5 mA t~::-+--+-+-++1-1-l-H.-~--+-+-+--i._=l-t--+t--+-+-++-+--l 

(mA/Vlt-r-t-t--t--t--i-t-2rm--rA~T~"'"~9j....--1-+-+-++-+-+-l--ll-+-l--+--l-+T""'---+:1'.....~,..+........j 
~ ~ 

0 ~'--'--'--'--'--'---'----'--'---'---'---'--'---'---'--'---'---'--.l-J..._J..._l-'L...J--1--1-l.-l.-L_J 
200 400 600 f (MHz) BOO 

Fig. 12 V CB = 10 V; Tamb = 25 DC; typical values. 

20 ,-,-,-,-,-,-,-,.-r-i---i--,--,--,--,...--,...--.--.---.--...-~~...-~~~~-7~Z~88~0:..:..:::16 

boe 
(mA/Vlt--t---;1--t--t--+-+-+-+-+--l-+-+---l--l---+-+-+-+-+--+----l-+---+----l--l--J.-l--l--l-~ 

10t--r--i--t---t--+-+--+--+--t-+-t---H---t-+-+-+-+-+-:=*""'...-~.l-----+-+-+--+----l-+---+-l--l 
LA-" 

ty~ 

0 ~'--'--'--'--'--'--'----'----'---'---'---'--......1--'---'--'-..J._-'--.J_J......J..._J__L...JL...J--1--1-l.-l.-l 
200 400 600 f (MHz) 

Fig. 13 VcB = 10 V; -IE= 2 to 10 mA; Tamb = 25 oc. 

800 

-

-
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PH2907;R 
PH2907A; R 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P medium power transistors in plastic T0-92 variant envelopes, primarily designed for high-speed 
switching and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 °c 
-le= 150 mA; -VcE = 10 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; .:._VCE = 20 V; Tj = 25 °c 

Storage time 
-Icon= 150mA;-lson= lsoff= 15mA 

MECHANICAL DATA of PH2907 and PH2907A 

Fig. 1 T0-92 variant. 

3 

'-«( 
7Z61146 

-Vcso 

PH2907; R -VcEO 
PH2907A; R -Vern 

-le 

Ptot 

Tj 

hFE 

fT 

ts 

max. 60 v 
max. 40 v 
max. 60 v 
max. 600 mA 

max. 625 mW 

max. 150 oc 

100 to 300 

> 200 MHz 

< 80 ns 

Dimensions in mm 

t 0,40 
t min 

0,67 
max 

" 
I o~ l=C::!:: ! =======:i 

7Z709941 

• 0,49 
t max 

diameter within 2,5 max I I 
is uncontrolled _. ..._ 

The PH2907R and PH2907 AR are available on request; they have cbe pinning instead of ebc. 

October 1982 

-
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PH2907; R 
PH2907A; R 

RATINGS 

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

Collector-base voltage (open emitter) -V CBO 

Collector-emitter voltage (open base) PH2907; R -VcEO 
PH2907A; R -Vern 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

2 January 1981 

-VEBO 

-le 

Ptot 

Tstg 

Tj 

Rth j-a 

max. 60 v 
max. 40 v 
max. 60 v 

max. 5 v 
max. 600 mA 

max. 625 mW 

-65 to+ 150 oc 

max. 150 oc 

200 K/W 



----------

Silicon planar epitaxial transistors PH2907; R 
PH2907A;R 

CHARACTERISTICS 

T amb = 25 °c unless otherwise specified 
2N2907; R 2N2907A;R 

Collector cut-off current 
IE=O;-Vcs=50V -lcso < 20 10 nA 

IE = 0; -V CB = 50 V; T amb = 150 °c -lcso < 20 10 µA 

+ VsE = 0,5 V; -VcE = 30 v -lcEx < 50 50 nA 

Base current 
+ VsE = 0,5 V;-VcE = 30 v IBEX < 50 50 nA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 60 60 v 

Collector-emitter breakdown voltage* 
open base; -le= 10 mA -V(BR)CEO > 40 60 v 

Emitter-base breakdown voltage 
open co I lector; - IE = 10 µ.A -V(BR)EBO > 5 5 v 

Saturation voltages* 
-VcEsat < 0,4 0,4 v 

-le= 150 mA; -Is= 15 mA 
-VsEsat < 1,3 1,3 v 

-le= 500 mA; -1 8 = 50 mA -VcEsat < 1,6 1,6 v 
-VsEsat < 2,6 2,6 v 

D.C. current gain 
-le= 0,1 mA;-VcE=10V hfE > 35 75 

-le= 1mA;-VcE=10V hfE > 50 100 

-le= 10 mA; -VcE = 10 v hfE > .75 100 

-le= 150 mA; -VcE = 10 V* hf E 
> 100 100 
< 300 300 

-le= 500 mA; -VcE = 10 V* hf E > 30 50 

Collector capacitance at f = 100 kHz -IE= le= O; -Vcs = 10 v Cc < B pf -
Emitter capacitance at f = 100 kHz 

le= le= O; -VEB = 2 v Ce < 30 pf 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V* fT > 200 MHz 

• Measured under pulse conditions to avoid excessive dissipation: tp < 300 µ.s; Ii< 0,02. 
--~~~~~~~~-
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PH2907; R 
PH2907A;R 

T.urn-on time (see Fig. 2) 
when switched to -Icon= 150 mA; -Ison= 15 mA 
delay time 

rise time 

turn-on time 

-30V 

< 
< 
< 

10 ns 

40 ns 

45 ns 

Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 

Turn-off time (see Fig. 3) 
when switched from -Icon= 150 mA; -Ison= 15 mA 
to cut-off with+ lsoff = 15 mA 
storage ti me ts < 80 ns 

fall time tf < 30 ns 

turn-off ti me toff < 100 ns 
+15V -6V 

Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 

Pulse generator (see Figs 2 and 3) 
frequency f 
pulse duration tp 
rise time tr < 
output impedance Z0 

• J'"""' "" I 
150 Hz 
200 ns 

2 ns 
50 n 

Oscilloscope (see Figs 2 and 3) 
rise time tr < 
input impedance Zi < 

5 ns 
10 M.Q 



N-P-N SILICON PLANAR TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes with the collector connected to the case. 

2N929 
2N930 

These devices are primarily intended for use in high performance, low-level, low-noise amplifier appli
cations both for direct current and for frequencies of up to 100 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 °c 
lc=10µA;VcE=5V 

lc=10mA;VcE=5V 

Transition frequency 
le= 0,5 mA; VcE = 5 V 

Noise figure at Rs = 10 k.Q 
lc=10µA;VcE=5V 
f= 10 Hz to 15 kHz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

VcBo 

Vern 

lcM 

Ptot 

Tj 

hFE 

hFE 

F 

max 

max 

max 

max 

max 

> 
< 
> 
< 

typ 

typ 
< 

2N929 

45 

45 

60 

300 

175 

40 
120 

100 
350 

80 

2,5 
4 

2N930 

45 v 
45 v 
60 mA 

300 mW 

175 oc 

100 
300 

150 
600 

80 MHz 

2 dB 
3 dB 

Dimensions in mm 

~m : 
I.,._ s,3 _.J_ 127min __ J c ..... 2,54 ...... max ' 

--J~x-
7Z694Z0,1 

Accessories: 56246 {distance disc). 

November 1979 
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2N929 
2N930 

RATINGS Limiting values in accordance 

Voltages 

Collector-base voltage (open emitter) · 

Collector-emitter voltage (open base) 

Collector-emitter voltage at VEB = 0 

Emitter-base voltage (open collector) 

Currents 

Collector current (d. c . or average over 
any 50 ms period) 

Collector current (peak value) 

Emitter current (d. c. or average o'ver 
any 50 ms period) 

Emitter current (peak value) 

Power dissipation 

with the Absolute 

VcBo 

VCEO 

VcES 

VEBO. 

IC 

IcM 

-IE 

-IEM 

Total power dissipation up to T amb .= 25 °c Ptot 

Temperatures 

Storage temperature Tstg 

Junction temperature Tj 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 

From junction to case Rth j-c 

2 II 

Maximum System 
(IEC 134) 

max. 45 v 
max. 45 v 
max. 45 v 
max. 5 v 

max. 30 mA 

max. 60 mA 

max. 35 mA 

max. 70 mA 

max. 300 mW 

-65 to +175 oc 

max. 175 OC 

0.5 0 c/mW 

0.25 0 c/mW 

II July 1969 
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CHARACTERISTICS 

Collector cut-off current 

IE = O; V CB = 45 V 

lB = 0; V CE = 5 V 

VEB = 0; VcB = 45 V 

Emitter cut-off current 

le = O; VEB = 5 V 

Emitter-base voltage 

-IE= 0.5mA; Vrn = 5V 

Saturation voltages 

le = 10 mA; IB = 0. 5 mA 

D. C. current gain 

le = 10 µA; V CE = 5 V 

le= 10 µA; VcE = 5 V; Tj = -55 °c 

le = 500 µA; V CE = 5 V 

le = 10 mA; V CE = 5 V 

Collector capacitance at f = 1 MHz 

IE = le = O; V CB = 5 V 

Transition frequency 

le = 0. 5 mA; v CE = 5 v 

Cut -off frequency 

le = 0. 5 mA; v CE = 5 v 

June 1969 II 

r 2N929 
2N930 

T j = 2 5 °c unless otherwise specified 

hFE 

hFE 

hFE 

hFE 

Cc 

fT 

fhfe 

IcBo 

IcEo 

le ES 

< 10 nA 

< 2 nA 

< 10 nA 

< 10 nA 

0. 6 to 0. 8 V 

VcEsat < 1 V 

VBEsat 0. 6 to 1 V 

2N929 2N930 

40 to 120 100 to 300 

> 10 > 20 

> 60 > 150 

100 to 350 150 to 600 

< 8 < 8 pF 

> 50 > 50 MHz 

> 200 > 100 kHz 

II 3 
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2N929 
2N930 

CHARACTERISTICS (continued) 

Noise figure (f = 10 Hz to 15 kHz) 

Ic = 10 µA; v CE = 5 V; Rs = 10 kn 

h parameters at f = 1 kHz 

Ic = 1 rnA; V CE = 5 V 

Input impedance 

Reverse voltage transfer 

Small signal current gain 

Output admittance 

4 
11 

Tj = 25 °c unless otherwise specified 

2N929 2N930 
t~. 2.5 2 dB 

4 3 dB 
F 

< 

hie typ. 5.0 10.0 kn 

hre typ. 2.5 5.5 10-4 

hfe 
typ. 200 350 
60 to 350 150 to 600 

hoe typ. 14 25 µn-1 

II June 1968 
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SILICON Pl.ANAR TRANSISTOR 

N-P-N double diffused transistor in a T0-39 metal envelope designed for a wide variety of applications 
including d.c. amplifiers, high-speed switching and high-speed amplifiers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage ( R BE <:;; 10 .n) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

D.C. current gain at Tj = 25 oc 
le= 150 mA; VcE = 10 V 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

5,08 

- 9,4 max 

b 

c 

VcBO max. 75 v 
VcER max. 50 v 
lcM max. 500 mA 

Ptot max. 0,8 w 

hFE 40 to 120 

fy > 60 MHz 

Dimensions in mm 

-~ ' t =-0,51 
+max 

8,5 = 
max 

L. = 
[ 6,6 ..... 1-12!7 -' 7Z593121 max min · 

Maximum lead diameter is guaranteeq only for 12,7 mm. 

Accessories: 56245 (distance disc). 

I 
€ Products approved to CECC 50 002-104, available on request. 

October 1982 
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2N1613 l __ _ 
RATINGS 

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

Collector-base voltage (open emitter) Vcso 

Collector-emitter voltage (RsE,;;; 10 Q) Vern 

Emitter-base voltage (open collector) VEBo 
Collector current (peak value)' lcM 

Total power dissipation 
up to Tamb = 25 oc Ptot 

at Tease= 100 oc Ptot 

up to Tease= 25 oc Ptot 

Storage temperature Tstg 

Junction temperature Tj 

Lead soldering temperature 
> 1,5 mm from the seating plane; tsld < 10 s. Tsld 

THERMAL RESISTANCE 

From junction to case Rth j-c 

• With the exception of the collector current all other data are Jedec registered. 

3 

Ptot 
(W) 

2 

0 

~ 

""i-1 

0 

1'>.. 
1'.. 

~ 
f" 

r-... 

t-h. 
t---1-.. 

50 

1'l 
1" 

"' --$' 
~'5. 
~(·~ 

!'-.,.SO' 
!"-,'.? 

"I f-/ti.-

~ 
N 

t-!!_thi-a "'219 
i-.... 

I" 
_I :t-i--. KI W 
:r ::r: ::r: _[ ::t::h,; 

lEHlH N-

100 150 

max. 75 v 
max. 50 v 
max. 7 v 
max. 500 mA 

max. 0,8 w 
max. 1,7 w 
max. 3,0 w 
-.65 to+ 200 oc 

max. 200 °c 

max. 300 °c 

58,3 K/W 

7 Z823 58 

~ 
~ 

200 

Fig. 2 Maximum permissible total power dissipation as a functi?n of temperature. 
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t Silicon planar transistor 2N1613 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 
IE = O; V CB = 60 V lcso < 10 nA 

IE = O; V CB = 60 V; T amb = 150 °c lcso < 10 µA 

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

Collector-base breakdown voltage 
open emitter; le= 100 µA V(BR)CBO > 75 v 

Collector-emitter breakdown voltage* 
le= 100 mA; RBE ~ 10 .11 V(BR)CER > 50 v 

Emitter-base breakdown voltage 
open collector; IE = 100 µA V(BR)EBO > 7 v 

Saturation voltages* 
VcEsat < 1,5 v 

le= 150 mA; 18 = 15 mA 
VBEsat < 1,3 v 

D.C. current gain 
le= 0,1mA;VcE=10V hFE > 20 

le= 10 mA; VcE = 10 V* hFE > 35 

le= 10 mA; VcE = 10 V; Tamb = -55 oc hFE > 20 

le= 150 mA; VcE = 10 V* hFE 40 to 120 

le= 500 mA; VcE = 10 V* hFE > 20 

Transition frequency at f = 20 MHz 
le= 50mA;VcE=10V fr > 60 MHz 

Collector capacitance 
IE=le=O;Vcs=10V Cc < 25 pF 

Emitter capacitance 
le= le= O; VEB = 0,5 v Ce < 80 pF --

Noise figure at f = 1 kHz 
le= 0,3 mA; VcE = 10 V; Rs= 510 .11; B = 1 Hz F < 12 dB 

h-parameters at f = 1 kHz 

Input impedance 
lc=1mA;Vcs= 5V hib 24 to 34 .11 

lc=5mA;Vc8 =1ov hib 4 to 8 .11 

Reverse voltage transfer ratio 
le= 1 mA; VcE = 5V hrb < 3 10-4 

lc=5mA;VcE=10V hrb < 3 10-4 

Small-signal current gain 
le= 1 mA; VcE = 5V hfe 30 to 100 

lc=5mA;VcE=10V hfe 35 to 150 

* Measured under pulse conditions to avoid excessive dissipation: tp = 300 µs; o ~ 0,02. 
~~~~~~~~~~~ 

(Joly 1979 3 
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----
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Output admittance 
le= 1 mA;VcE= 5V 

lc=5mA;VcE=10V 

Total switching time (see Figs 3 to 6) 
Icon= 50 mA; VsEon = -VsEoff= 1 V 

-50V +20V 

10on 

hob 

hob 

0,05 to 0,5 µAN 

0,05 to 0,5 µAN 

ton+ toff < 

sampling 
oscilloscope 

-50V 

7Z82354' 

30 ns 

Fig. 3 Turn-on plus turn-off measuring circuit. D = BAW62. 

7Z82355 

Fig. 4 Waveform at "A". 
Pulse generator: tr; tf < 1 ns. 

Fig. 6 Turn-on and turn-off time. 

t 
output 90% 

7Z823 56 

Fig. 5 Waveform at "B''. 

i 
~~-r----4v-i---.J'.___-l-~+18V 

toff 7,Z82357 ---



Silicon planar transistor 2N16i3 
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Fig. 7 Tj = 25 oe; typical values. 
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2N1613 l __ _ 
600 

le 
(mA) 

400 

200 

L 
0 

0 

7Z82362 
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Fig. 10 VeE = 10 V; Tj = 25 oe. 
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Silicon planar transistor 2N1613 
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Fig. 13 VeE = 10 V;typical values. 
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__ -Jl.____2N1~-1~ 
SILICON PLANAR TRANSISTOR 

N-P-N double diffused transistor in a T0-39 metal envelope designed for a wide variety of applications 
such as d.c. and wideband amplifiers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (RsE ~ 10 .Q) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 oc 

D.C. current gain 
le= 150 mA; VcE = 10 V 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

Vcso 

VcER 

lcM 

Ptot 

hFE 

fT 

max. 75 v 
max. 50 v 
max. 1,0 A 

max. 0,8 w 

100 to 300 

> 70 MHz 

Dimensions in mm 

-a= + 
t ==0,51 

+max 

~~x = 
L = 

L 6,6 _J __ 12.7 _I .. 5,08 -

.....- 9,4 ____.. 
max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max min ns9322.i 

€ Products approved to CECC 50 002-104, available on request. 

( °"'°"" 1982 
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RATINGS 

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

Collector-base voltage (open emitter) Vcso 

Collector-emitter voltage (RsE.;;;; 10 Ill VcER 

Emitter-base voltage (open collector) 

Collector current (peak value) 

Total power dissipation 
up to Tamb= 25 oc 

up to T case = 100 oc 

up to T case= 25 oc 

Storage temperature 

Junction temperature 

Lead soldering temperature 
> 1,5 mm from the seating plane; tsld < 10 s 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

2 November 1979 

Tsld 

Rth j-a 

Rth j-c, 

max. 75 v 
max. 50 v 
max. 7,0 v 
max. 1,0 A 

max. 0,8 w 
max. 1,7 w 
max. 3,0 w 
-65 to+ 200 oc 

max. 200 oc 

max. 300 oc 

219 K/W 

58,3 K/W 



-----·-

l Silicon planar transistor 2N1711 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise speCified 

Collector cut-off current 
IE= O; Vcs = 60 v lcso < 10 nA 

IE= O; Vcs = 60 V; Tamb = 150 oc lcso < 10 µA 

Emitter cut-off current 
le= O; VEB = 5,0 V IEBO < 5 nA 

Collector-base breakdown voltage 
open emitter; le= 100 µA V(BR)CBO > 75 v 

Emitter-base breakdown voltage 
open collector; IE= 100 µA V(BR)EBO > 7,0 v 

Collector-emitter sustaining voltage• 
le= 100 mA; RBE <; 10 n VcERsust > 50 v 

Saturation voltages • 
VcEsat < 1,5 v. 

le= 150mA; Is= 15mA 
VsEsat < 1,3 v 

D.C. current gain 
le= 10µA;VcE=10V hf E > 20 

le= 0,1mA;VcE=10V hf E > 35 

le= 10mA;VcE= 10V. hfE > 75 

le= 10 mA; VcE = 10 V; Tamb = -55 °c hFE > 35 

le= 150 mA; VcE = 10 V * hFE 100 to 300 

le= 500 mA; VcE = 10 V * hf E > 40 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V fT > 70 MHz 

Collector capacitance 
IE= le= O; Vcs = 10 v Cc < 25 pF -Emitter capacitance 
le= le= O; VEB = 0,5 v Ce < 80 pF 

Noise figure at f = 1 kHz 
le= 300 µA; VcE = 10 V; Rs= 510 n; B = 1 Hz F < 8,0 dB 

h-parameters at f = 1 kHz 

Input impedance 
le= 1,0 mA; Vcs = 5,0 V hib 24 to 34 n 
le= 5,0 mA; Vcs = 10 V hib 4,0 to 8,0 n 

Reverse voltage transfer ratio 
le= 1,0 mA; VcB = 5,0 V hrb < 5,0 10-• 

le= 5,0 mA; Vcs = 10 V hrb < 5,0 10-• 

Small-signal current gain 
le= 1,0 mA; VcE = 5,0 V hte 50 to 200 

le= 5,0 mA; VcE = 10 V hte 70 to 300 

* Measured under pulse conditions to avoid excessive dissipation: tp <; 300 µs; ll <; 0,02. 

November 1979 3 



2N1711 J 
Output admittance 

le= 1,0 mA; VeE = 5,0 V hob 0,05 to 0,5 µAN 

le= 5,0 mA; VeE = 10 V hob 0,05 to 0,5 µAN 



-------=---mJl_---2N18-93 _, 

SILICON TRANSISTOR 

High voltage n-p-n transistor in a T0-39 metal envelope with the collector connected to the case. It is 
intended for use in high performance amplifier, oscillator and switching applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (RsE.;;; 10 fl,) 

Collector current (d.c.) 

Total power dissipation up to T case= 25 °c 

Junction temperature 

D.C. current gain 
le= 0,1mA;VcE=10V 
le= 10 mA; VcE = 10V;T =-55 oc 
le= 10 mA; VcE = 10 V 
le= 150 mA; VcE = 10 V 

Vcso 

VcER 

le 

Ptot 

Tj 

hFE 
hFE 
hFE 
hFE 

I 
120 v max. 

max. 100 v 
max. 500 mA 

max. 3,0 w 
max. 200 oe 

> 20 
> 20 
> 35 
40 to 120 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

5,08 ...... 

- 9,4_ max 

-0= + 
t- . =-0,51 

+max 
8,5 = max 

L = 

[ 6,6 ... \...._ 12,7 _I 72593221 
max min · 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

15 Products approved to CECC 50002-104, available on request. 

October 1982 
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2N1893 II 
RA TINGS {Limiting values) 1) 

Voltages 

Collector-base voltage {open emitter) 

Collector-emitter voltage {open base) 

Collector-emitter voltage (RBE .:S. 10 Q) 

Emitter-base voltage {open collector) 

Current 

Collector current {d. c.) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

up to T case = 100 °c 

up to Tease= 25 °c 

Temper:atures 

Storage ~emperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Vcso 

VCEO 

VcER 

VEBO 

Ic 

ptot 

Ptot 

Ptot 

Tstg 

Tj 

Rth j-a 

Rth j-c 

max. 120 v 
max. 80 v 
max. 100 v 
max. 7.0 v 

max. 500 mA 

max. 0.8 w 

max. 1. 7 w 

max. 3.0 w 

-65to +200 oC 

max. 200 oc 

219 °C/W 

58.3 0 c;w 

1) Limiting values a~cording to the Absolute Maximum System as defined in IEC 
publication 134. 

2 II II June 1968 
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CHARACTERISTICS T arnb = 25 °c unless otherwise specified 

Collector cut-off current 

IE = O; V CB = 90 V 

IE = O; V CB = 90 V; T arnb = 150 °c 

Emitter cut-off current 

Ic = O; V EB = 5 V 

Collector-emitter sustaining voltage 1) 

le = 100 mA; REE .2:. 10 r2 

le = 30 mA; lB = 0 

Saturation voltages 1) 

Ic = 150 mA; lB = 15 mA 

Ic = 50 mA; IB = 5 mA 

Breakdown voltages 

IE = O; le = 100 µA 

le = O; IE = 100 µA 

D. C. current gain 

le = 0. 1 mA; v CE = 10 v 
le = 10 mA; v CE = 10 V; T = -55 °c 

1 le = 10 mA; v CE = 10 v ) 

le = 150 mA; v CE = 10 v 1) 

VcER sust 

VCEO sust 

VcE sat 
VEE sat 

VcE sat 
VEE sat 

V(BR) CEO 

V(BR) EBO 

hFE 

hFE 

hFE 

hFE 

1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t .s_ 300 µs, duty cycle o < 0. 02 

June 1968 

< 10 nA 

< 15 µA 

< 10 nA 

> 100 v 
> 80 v 

< 5.0 v 
< 1. 3 v 
< 1. 2 v 
< 0.9 v 

> 120 v 
> 7 .0 v 

> 20 

> 20 

> 35 

40 to 120 

3 

--
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2N1893 II 

CHARACTERISTICS (continued) T amb = 25 °c unless otherwise specified 

h parameters at f = 1 kHz (common base) 

Ic = l mA; v CE = 5 v 
Input impedance 

Reverse voltage transfer ratio 

Output conductance 

Ic = 5 mA; V CE = 10 V 

Input impedance 

Reverse voltage transfer ratio 

Output conductance 

Small signal current gain (common emitter) 

Ic = l mA; v CE = 5 v; f = 1 kHz 

Ic = 5 mA; V CE = 10 y; f = l kHz 

Ic = 50 mA; v CE = 10 V; f = 20 MHz 

Collector capacitance 

. IE = le = O; V CB = 10 V 

Emitter capacitance 

Ic = I c = O; V EB = 0 . 5 V 

4 II 

hib 

hrb 

hob 

hib 

hrb 

hob 

hfe 

hf e 

hfe 

cc 

Ce 

II 

20 to 30 r2 

1.25 10-4 

0.5 µrl-1 

4 to 8 r2 

1.50 10-4 

0.5 µo-1 

30 to 100 

> 45 

> 2.5 

< 15 pF 

< 85 pF 

June 1968 



SILICON PLANAR EPITAXIAL TRANSISTORS 

2N2218 
2N2218A 

N-P-N transistors in a T0-39 metal envelope with the collector connected to the case. They are primar
ily intended for high speed switching. The 2N2218 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 

QUICK REFERENCE DATA 

2N2218 2N2218A 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base) Vern max. 30 40 v 
Collector current (d.c.) le max. 800 800 mA 

Total power dissipation up to T amb = 25 °c Ptot max. 0,8 0,8 w 
Junction temperature Tj max. 175 175 oc 

D.C. current gain at Tj = 25 °c 
lc=10mA;VcE=10V hf E > 35 35 

Transition frequency at f = 100 MHz 
lc=20mA;VcE=20V tr > 250 250 MHz 

Storage time 
le= 150 mA; Is= -lsM = 15 mA ts < 225 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-39. 

Collector connected to case 

5,08 .... 

- 9,4 -max 

b -0= ' t =-D,51 
+max 

~~x = 
L = c 6.6 ... .1. •• _ 12.7 __ I 

max min nsgnv 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

-

IS Products approved to CECC 50 004-029, available on request. -
October 1982 
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2N2218 
2N2218A 

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

Voltages 2N2218 2N2218A 

Collector-base voltage (open emitter) VCBO max. 60 75 v 

Collector-emitter voltage (open base) VcEO max. 30 4ol)v 

Emitter-base voltage (open collector) VEBO max. 5 6 v 

Current 

Collector current (d .c.) Ic max. 800 mA 

Power dissipation 

Total power dissipation up to T amb = 25 oc Ptot max. 0.8 w 
up to Tease= 25 °c Ptot max. 3 w 

Temperatures 

Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 175 oc 

THERMAL RESISTANCE 

From junction to ambient in free ·air Rth j -a 190 OC/W 

From junction to case Rth j-c 50 OC/W 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector-cut-off current 2N2218 2N2218A 

IE = O; VcB = 50 V IcBO < 10 nA 

IE = O; VcB '= 50 V; Tamb = 150 oc IcBO < 10 µA 

IE = O; VcB = 60 V IcBO < 10 nA 

IE = O; VcB = 60 V; Tamb = 150 °c IcBO < 10 µA 

Emitter cut-off current 

le = O; VEB = 3 V IEBO < 10 10 nA 

Currents at reverse biased emitter junction 

VcE = 60 V; -VBE = 3 V IcEX < 10 nA 
-IBEX < 20 nA 

l) Applicable up to le = 500 mA 

2 II II July 1969 
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2N2218 
2N2218A 

CHARACTERISTICS (continued) Ti = 25 oc unless otherwise specified 

Breakdown voltages 
2N2218 2N2218A 

IE = O; le = 10 µA V(BR)CBO > 60 75 v 
IB = O; le = 10 mA V(BR)CEO > 30 40 v 
le = O; IE = 10 µA V(BR)EBO > 5 6 v 

Saturation voltages 1) 

Ic = 150 mA; IB = 15 mA VcEsat < 0.4 0.3 v 
> 0.6 v 

VBEsat < 1.3 1.2 v 

le = 500 mA; IB = 50 mA VcEsat < 1.6 1.0 v 
VBEsat < 2.6 2.0 v 

D. C. current gain 

le = 0 . 1 mA; V CE = 10 V 11 FE > 20 20 
Ic = 1 mA; VcE = 10 v 11 FE > 25 25 
Ic = 10 mA; VcE = 10 v hFE > 35 35 
re = 10 mA; VcE = LO V; Tamb = -55 °c hpE > 15 
Ic = 150 mA; VcE = 1 v 1) hfE > 20 20 
le = 150 mA; VcE = 10 V 1) hpE 40to120 40to 120 
le = 500 mA; V CE = 10 V 1) hFE > 20 25 

Transition frequency at f = 100 MHz 

Ic = 20 mA; VcE = 20 V f T > 250 250 MHz 

-Collector capacitance at f = 100 kHz -
IE = le = 0; V CB = 10 V cc < 8 8 pF 

Emitter capacitance at f = 100 kHz 

le = le = o; v EB = o. 5 v Ce < 25 pF 

Feedback time constant at f = 31. 8 MHz 

Ic = 20 mA; VcE = 20 V rb Cc < 150 ps 

1) Pulse duration,:::: 300 µs; duty cycle::;; 23. 
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2N2218 
2N2218A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

Ic = 1 mA; VcE = 10 V; f = 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Ic = 10 mA; VcE = 10 V; f = l kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

le = 20 mA; VcE = 20 V; f = 100 MHz 

Small signal current gain 

le = 20 mA; VcE = 20 V; f = 300 MHz 

Real part of fnput impedance 

Switching times for 2N2218A 

Turn on time when switched from 
-VBE = 0.5 v to le= 150 mA; lB = 15 mA 

Delay ume 
Rise time 

Test circuit: 

Vj 

+9.9V 
---- - - -- - --900/o 

--------
t 

'IZIXl18 

Pulse generator: 
pulse duration· tp ::;; 200 ns 
rise time tr ::;; 2 ns 

4 II 

T· = 25 °c 
J 

hie 
hre 
hfe 
hoe 

hie 
hre 
hf e 
hoe 

hfe 

2N2218A 

1 to 3 .5 kr2 
< s 10-4 

30 to 150 
3 to 15 µ[t-l 

O. 2 to 1.0 kr2 
< 2.5 10-4 

50 to 300· 
10 to 100 µ[2-1 

2N2218 2N2218A 

> 2.5 2.5 

Re(hie) < 60 60 r2 

Vi 

Oscilloscope: 
input resistance 
input capacitance 
rise time 

II 

< 
< 

Ri 
Ci 
tr 

> 
< 
< 

10 ns 
25 ns 

+30V 

100 kr2 
12 pF 

5 ns 
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Silicon planar epitaxial transistors 

Switching times for 2N2218A 

Turn off time 
le= 150mA; Is= -IBM= 15 mA 

Storage ti me 

Fall time 

Test circuit: 

v, 

+16,2 v t-----. 

0 

-13,BV 

time 
v, 

7Z88673 

2N2218 
2N2218A 

Tj = 25 oe unless otherwise specified 

ts < 225 ns 

tf < 60 ns 

R2 

Va 
osc1lloscope 

7Z85736 

-

Vee=+ 30 V; Vas= -3 V; R1 = 1 kn; R2 = 200 n; R3 = 20 kn; R4 = 50 n; 01 = 1N916. 

Pulse generator: 

fall time tf < 5 ns 

Oscilloscope: 

input impedance 
input capacitance 
rise time 

100 kn 
12 pF 
5 ns 
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SILICON PLANAR EPITAXIAL TRANSISTORS 
I 

2N2219 
2N2219A 

N-P-N transistors in a T0-39 metal envelope with the collector connected to the case. They are primar
ily intended for high speed switching. The 2N2219 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 

QUICK REFERENCE DATA 

2N2219 2N2219A 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base) Vern max. 30 40 v 
Collector current (d.c.) 'c max. 800 800 mA 

Total power dissipation up to Tamb = 25 °c Ptot max. 0,8 0,8 w 
Junction temperature Tj max. 175 175 oc 

D.C. current gain at Tj = 25 oc 
le= 10 mA; VcE = 10 V hFE > 75 75 

Transition frequency at f = 100 MHz 
le= 20 mA; VcE = 20 V fT > 250 300 MHz 

Storage time 
le= 150 mA; Is= -lsM = 15 mA ts < 225 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-39. 

Collector connected to case 

... 5,08 -
- 9,4 _ 

max 

-0= + 
t ==0,51 

+max 

~~x = 
• = 
-1 __ 6.6 _J~- 12.7 __ I 

max min 72593221 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

E Products approved to CECC 50 004-029, available on request. 

I ( Oo<ob<" 1982 
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2N2219 
2N2219A · 

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

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Current 

Collector current (d. c. ) 

Power dissipation 

Total power dissipation up to T amb = 25 °c 

up to T case= 25 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From JUnct10n to ambient in free air 

From junction to case 

= CHARACTERISTICS 

Collector cut-off current 

IE=O;VCB=50V 

IE= 0; Yes= 50 V; Tamb = 150 °c 

IE=O;Vcs=60V 

IE= O; Yes= 60 V; Tamb = 150 °c 

Emitter cut-off current 

Ic = O; VEB = 3 V 

Currents at reverse biased emitter junction 

VcE = 60 V; -VsE = 3 v 

l) Applicable up to le = 500 mA 

2 

11 

2N2219 2N2219A 

Vcso max. 60 75 v 

VcEO max. 30 4ol)v 

VEBO max. 5 6 v 

re max. 800 mA 

ptot max. 0.8 w 

Ptot max. 3 w 

Tstg -65 to +200 oc 

TJ max. 175 oc 

Rth j-a 190 OC/W 

Rth j-c 50 oc;w 

Ti = 25 °c unless otherwise specified 

2N2219 2N2219A 

Icso < 10 nA 

Icso .< 10 µA 

Icso < 10 nA 

Icso < 10 µA 

lEBO < 10 10 nA 

le EX < 10 nA 
-IBEX < 20 nA 
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I 
-, 2N2219 

2N2219A 

CHARACTERISTICS (continued) T1 = 25 °c unless otherwise specified 

Breakdown voltages 2N2219 2N2219A' 

IE = O; le = 10 µA V(BR)CBO > 60 75 v 
IB = O; Ic = 10 mA V(BR)CEO > 30 40 v 
le = O; IE = 10 µA V(BR)EBO > 5 6 v 

Saturation voltages l) 

Ic = 150 mA; lB = 15 mA VcEsat < 0.4 0 .3. v 
> -cl.6 v 

VBEsat < l. 3 l. 2 v 

VcEsat < l. 6 l. 0 v Ic = 500 mA; IB = 50 mA 
VBEsat < 2.6 2.0 v 

D. C. current g:ain 

Ic = 0. 1 mA; v CE = w v hpE > 35 35 
le = 1 mA; V CE = 10 V hFE > 50 50 
Ic = 10 mA; V CE = 10 V hFE > 75 75 
le= 10mA;VcE=lOV;Tamb=-55°C hFE > 35 
le = 150 mA; v CE = 1 v l) hFE > 50 50 
le= 150 mA; VcE = lOV 1) hFE 100 to 300 100 to .'300 
le = 500 mA; v CE = 10 v 1) hFE > 30 40 

Transition frequency at f = 100 MHz 

Ic = 20 mA; V CE = 20 V fT > 250 300 MHz --Collector capacitance at f = 100 kHz --
IE =le = O; VcB = 10 v Cc < 8 8 pF 

Emitter capacitance at f = 100 kHz 

le= le= O; VEB = 0. 5 v Ce < 25 pF 

Feedback time constant at f = 31. 8 MHz 

le = 20 mA; V CE = 20 V ~'Cc < 150 ps 

1) Pulse duration~ 300 µs; duty cycle ~ 23. 
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2N2219 
2N2219A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

le = 1 mA; V CE = 10 V; f = 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Ic = 10 mA; V CE = 10 V; f = 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

le = 20 mA; V CE = 20 V; f = 100 MHz 

Small signal current gain 

le = 20 mA; V CE = 20 V; f = 300 MHz 

Real part of input impedance 

Noise figure at f = 1 kHz 

le = 0. 1 mA; v CE = 10 v 
Re= 1 kn; B = 1 Hz 

Switching times for 2N2219A 

Turn on time when switched from 
-VBE = 0. 5 V to Ic = 150 mA; IB = 15mA 

Delay time 
Rise time 

Te st circuit: 

Vi 
+9.9V 

------ -- ---90°/o 

t 
7ZIJ08 

Pulse generator: 
pulse duration tp :::; 200 ns 
rise time tr :::; 2 ns 

4 

II 

TJ = 25 oc 

hie 
hre 
hf e 
hoe 

hie 
hre 
hfe 
hoe 

hfe 

Re(hie) 

F 

Oscilloscope: 
input resistance 
input capacitance 
rise time 

Li 

2N2219A 

2 to 8 kn 
< 8 10-4 

50 to 300 
5 to 35 µn-1 

0.25tol.25 kn 
< 4 10-4 

75 to 375 
25 to 200 µn-1 

2N2219 2N2219A 

> 

< 

< 

< 
< 

II 

2.5 3.0 

60 60 n 

4 dB 

10 ns 
25 ns 

+30V 

Ri > 100 kn 
Ci < 12 pF 
tr < 5 ns 
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Silicon planar epitaxial transistors 

Switching times for 2N2219A 

Turn off time 
le= 150 mA; 18 = -lsM = 15 mA 

Storage time 

Fall time 

Test circuit: 

v, 

+ 16 .2 v 1------. 

-13,BV 

lt l--100µs _____ J 

time 
v, 

7288673 

2N2219 
2N2219A 

Tj = 25 oe unless otherwise specified 

225 ns 

60 ns 

Va 
osc1lloscope 

Vee=+ 30 V; Vgg = -3 V; R1=1 kS1; R2 = 200 n; R3 = 20 kS1; R4 = 50 n; 01=1N916. 

Pulse generator: Oscilloscope: 

fall time tf < 5 ns input impedance Ri > 100 kn 
input capacitance ei < 12 pF 
rise time tr < 5 ns 
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SILICON PLANAR EPITAXIAL TRANSISTORS 

2N2221 
2N2221A 

N-P-N transistors in a T0-18 metal envelope with the collector connected to the case. They are primar
ily intended for high speed switching. The_2N2221 1s also suitable for d.c. and v.h.f./u.h.f. amplifiers. 

QUICK REFERENCE DATA 

2N2221 2N2221A 

Collector-base voltage (open emitter) Vcso rnnx. 60 75 v 
Collector-emitter voltage (open base) Vern mAX. 30 40 v 
Collector current (d.c.) le mnx. 800 800 mA 

Total power dissipation up to Tamb = 25 °c Ptot max. 0,5 0,5 w 
Junction temperature Tj max. 200 200 oc 

D.C. current gain at Tj = 25 °c 
le= 10 mA; VcE = 10 V hFE > 35 35 

Transition frequency at f = 100 MHz 
lc=20mA;VcE=20V tr > 250 250 MHz 

Storage time 
le= 150 mA; 18 = -lsM = 15 mA ts < 225 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-18. 

Collector connected to case 

c - 2,54 ..... 
....._ s,a _ 

max 

b 

Accessories: .56246 (distance disc). 

;f, u ~ 
I..,,_ S,3 __.,,..!..,.__ 12 ?min _I 

max ' 
7Z!i9420,1 

CS Products approved to CECC 50 004-030, available on request. 
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2N2221 
2N2221A l __ _ 

RATINGS 

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

2N2221 2N2221A 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base) Vern max. 30 40* v 
Emitter-base voltage (open collector) VEBO max. 5 6 v 

----
Collector current (d.c.) 'c max. 800 mA 

Total power dissipation 
up to Tamb = 25 °c Ptot max. 0,5 w 
up to Tease= 25 °c Ptot max. 1,2 w 

Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 350 K/W 

From junction to case Rth j-c 146 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
2N2221 2N2221A 

IE=O;Vcs=50V 'cso < 10 nA 

IE= O; Vcs = 50 V; Tamb = 150 °c 'cso < 10 µA 

IE=O;Vcs=60V 'cso < 10 nA 

'E = O; Vcs = 60 V; Tamb = 150 oc 'cso < 10 µA 

Emitter cut-off current 
lc=O;VEB=3V IEBo < 10 10 nA 

Currents at reverse biased emitter junction 
le EX < 10 nA 

VcE = 60 V; -VsE = 3 v 
-IBEX < 20 nA 

* Applicable up to le= 500 mA. 

2 Oo<ob" 19791 
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-i- r 2N2221 
2N2221A 

CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

Breakdown voltages 2N2221 2N2221A 

IE = O; Ic = 10 µA V(BR)CBO > 60 75 v 
IB = O; Ic = 10 mA V(BR)CEO > 30 40 v 
Ic = O; IE = 10 µA V(BR)EBO > 5 6 v 

Saturation voltages l) 

le = 150 mA; IB = 15 mA VcEsat < 0.4 0.3 v 
> 0.6 v 

VBEsat < l. 3 l. 2 v 

IC = 500 mA; IB = 50 mA VcEsat < l. 6 1.0 v 
VBEsat < 2.6 2.0 v 

D. C. current gain 

Ic = 0.1 mA; VcE = 10 V hFE > 20 20 
Ic = lmA;VcE=lOV hpE > 25 25 
IC= 10 mA; V CE = 10 V hpE > 35 35 
IC= 10 mA; VcE = 10 V; Tamb = -55°C hpE > 15 
IC= 150 mA; VcE = l v 1) hpE > 20 20 
Ic = 150 mA; V CE = 10 V l) hFE 40 to 120 40 to 120 
Ic = 500 mA; V CE = 10 V l) hpE > 20 25 

Transition frequency at f = 100 MHz 

Ic = 20 mA; V CE = 20 V fT > 250 250 MHz 

-Collector capacitance at f = 100 kHz --IE= Ie = O; VcB = 10 v Cc < 8 8 pF 

Emitter capacitance at f = 100 kHz 

Ic = Ic = O; VEB = 0. 5 v Ce < 25 pF 

Feedback time constant at f = 31. 8 MHz 

le= 20 mA; VcE = 20 v rb' Cc < 150 ps 

l) Pulse duration .:S 3QQ µs; duty cycle .:S 2%. 
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2N2221 
2N2221A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

le= 1 mA; VeE = 10 V; f = l kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Ie = 10 mA; VcE = 10 V; f = l kHz 

· Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Ic = 20 mA; V CE = 20 V; f = 100 MHz 

Small signal current gain 

Ic = 20 mA; V CE = 20 V; f = 300 MHz 

Real part of input impedance 

Switching times for 2N2221A 

Turn on time when switched from 
-VBE = 0.5 V to le= 150 mA; lB = 15 mA 

Delay time 
Rise time 

Test circuit: 

V; 

+9.9V 
- - - - - - - - - --900~ 

.Pulse generator: 
pulse duration 
rise time 

4 II 

tp :::; 200 ns 
tr :::; 2 ns 

_J 
Tj = 25 oe 

hie 
hre 
hfe 
hoe 

hie 
hre 
hfe 
hoe 

hfe 

Re(hie) 

Oscilloscope: 
input resistance 
input capacitance 
rise time 

2N2221A 

l to 3. 5 kS1 
< 5 10-4 

30 to 150 
3 to 15 µS1-l 

0. 2 to l. 0 kS1 
< 2.5 10-4 

50 to 300 
10 to 100 µ12-l 

2N2221 2N2221A 

> 2. 5 

< 

< 
< 

60 

Ri 
Ci 
tr 

2.5 

60 

10 ns 
25 ns 

> 100 kS1 
< 12 pF 
< 5 ns 

S1 
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Silicon planar epitaxial transistors 

Switching times for 2N2221 A 

Turn off time 
le= 150 mA; IB =-IBM= 15 mA 

Storage time 

Fall time 

Test circuit: 

v, 

+16,2 v I.----

-13,SV 

tf 1.---- 100µs __ i 

v, 

7Z88673 

2N2221 
2N2221A 

Tj = 25 oe unless otherwise specified 

225 ns 

60 ns 

Va 
osc1lloscope 

7Z85736 

Vee=+ 30 V; VBB = -3 V; R1=1 k.\1; R2 = 200 .\1; R3 = 20 k.\1; R4 = 50 .\1; D1=1N916. 

Pulse generator: 

fall time: tf < 5 ns 

Oscilloscope: 

input impedance 
input capacitance 
rise time 

100 k.\1 
12 pF 
5 ns 
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2N2222 
2N2222A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a T0-18 metal envelope with the collector connected to the case. They are primar
ily intended for high speed switching. Ttie 2N2222 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 

QUICK REFERENCE DATA 

2N2222 2N2222A 

Collector-base voltage (open emitter) Vcso max. 60 

Collector-emitter voltage (open base) Vern max. 30 

Collector current (d.c.) le max. 800 

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

Junction temperature 

D.C. current gain at Tj = 25 oc 
I c = 10 mA; V CE = 10 V 

Transition frequency at f = 100 MHz 
le= 20 mA; VcE = 20 V 

Storage time 
le= 150 mA; Is= -IBM= 15 mA 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

1,16 JI 
max"-. 45o+J 
~~'- ' 

/' 
1:0 <1 
max 

e 

c .... 2,54-4-

...... 5,8 -max 

b 

Accessories: 56246 (distance disc). 

Tj max. 200 

hFE > 75 

fT > 250 

ts < 

4~ u : max 

t __ I..._ 5,3 .... 1- 12,?min _I 
max 

'1Z69420.1 

E Products approved to CECC 50 004-030, available on request. 

75 v 
40 v 

800 mA 

0,5 w 
200 oc 

75 

300 MHz 

225 ns 

Dimensions in mm 

October 1982 

-



2N2222 
2N2222A 

RATINGS 

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

2N2222 2N2222A 

Collector-base voltage (open emitter) Vcso max. 60 75 v 
Collector-emitter voltage (open base) VcEO max. 30 40* v 
Emitter-base voltage (open collector) VEBO max. 5 6 v ----
Collector current (d.c.) le max. 800 mA 

Total power dissipation 
up to Tamb = 25 oc Ptot max. 0,5 w 
up to T case = 25 °c Ptot max. 1,2 w 

Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 350 K/W 

From junction to case Rth j-c 146 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
2N2222 2N2222A 

IE=O;Vcs=50V lcso < 10 nA 

IE= O; Vcs = 50 V; Tamb = 150 oc lcso < 10 µA 

IE= O; Vcs = 60 v lcso < 10 nA 

IE= O; Vcs = 60 V; Tamb = 150 °c lcso < 10 µA 

Emitter cut-off current - le= O; VEB =3 V IEBO < 10 10 nA -
Currents at reverse biased emitter junction 

ICEX < 10 nA 
VcE = 60 V; -VsE = 3 v 

-IBEX < 20 nA 

* Applicable up to le= 500 mA. 
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CHARACTERISTICS (continued) 

Breakdown voltages 

IE = O; le = 10 µA 

IB = O; le = 10 mA 

le = O; IE = 10 µA 

Saturation voltages 1) 

Ic = 150 mA; Is = 15 mA 

Ic = 500 mA; IB = 50 mA 

D. C. current gain 

Ic=O.lmA;VcE=lOV 
Ic = l mA; VcE = 10 v 
Ic = 10 mA; VcE = 10 v 
Ic = 10 mA; VcE = 10 V; Tamb= -550C 
le= 150 mA; VcE = l v l) 
Ic = 150 mA; VcE = 10 V 1) 
le= 500 mA; VcE = 10 V 1) 

Transition frequency at f = 100 MHz 

Ic = 20 mA; VcE = 20 V 

Collector capacitance at f = 100 kHz 

IE=Ie=O;VcB=lOV 

Emitter capacitance at f = 100 kHz 

le= le= O; VEB = 0.5 v 

Feedback time constant at f = 31. S MHz 

le = 20 mA; VcE = 20 V 

1) Pulse duration:;:: 300 µs; duty cycle::; 2%. 

July 1969 II 

2N2222 
2N2222A 

Tj = 25 oc unless otherwise specified 

2N2222 2N2222A 

V(BR)CBO > 60 75 v 

V(BR)CEO > 30 40 v 

Y(BR)EBO > 5 6 v 

VcEsat < 0.4 0.3 v 
> 0.6 v 

VBEsat < 1.3 1.2 v 

VcEsat < 1.6 1.0 v 
VBEsat < 2.6 2.0 v 

hFE > 35 35 

hFE > 50 50 
hFE > 75 75 
hpE > 35 

hFE > 50 50 
hFE 100 to 300 100 to .300 

hFE > 30 40 

fT > 250 300 MHz --
Cc < s s pF 

Ce < 25 pF 

rb Cc < 150 ps 

111 
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2N2222 
2N2222A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

le = l mA; VcE = 10 V; f = l kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current 
Output admittance 

le = 10 mA; VcE = 10 V; f = l kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

le= 20 mA; VcE = 20 V; f = 100 MHz 

Small signal current gain 

Ic = 20 mA; VcE = 20 V; f = 300 MHz 

Real part of input impedance 

Noise figure at f = l kHz 

le = 0. l mA; v CE = 10 v 
Re = l krl; B = l Hz 

Switching times for 2N2222A 

Turn on time when switched from 
-VBE = 0.5 V to Ic = 150 mA; IB = 15 mA 

Delay time 
Rise time 

Test circuit: 

Vi 
+9.9V 

- - - - - - - - - --900/o 

Pulse generator: 
pulse duration 
rise time 

4 II 

tp .::; 200 ns 
tr :::S 2 ns 

_J 
2N2222A 

hie 2 to 8 H2 
hre < 8 10-4 

hf e 50to 300 

hoe 5 to 35 µs-2-1 

hie 0.25to1.25 ks-2 
hre < 4 10-4 

hf e 75 to 375 

hoe 25 to 200 µs-2-1 

2N2222 2N2222A 

hf e > 2.5 3.0 

Re(hie) < 60 60 S""2 

F 

Oscilloscope: 
input resistance 
input capacitance 
rise time 

< 

< 
< 

., 7Z10017 

4 dB 

10 ns 
25 ns 

+30V 

Ri > 100 ks-2 
Ci < 12 pF 
tr < 5 ns 
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Silicon planar epitaxial transistors 

Switching times for 2N2222A 

Turn off time 
le= 150 mA; IB =-IBM= 15 mA 

Storage time 

Fall time 

Test circuit: 

v, 

+16,2 v 1-----

-13,SV 

11 l-10oµs -1 

time 

7Z88673 

2N2222 
2N2222A 

Tj = 25 °e unless otherwise specified 

ts < 225 ns 

tf < 60 ns 

Vo 

osc1lloscope 

7Z85736 

--

Vee=+ 30 V; VBB = -3 V; R1=1 kQ; R2 = 200 Q; R3 = 20 kQ; R4 = 50 Q; 01=1N916. 

Pulse generator: Oscilloscope: 

fall time tf < 5 ns input impedance Ri > 100 kQ 
input capacitance ei < 12 pF 
rise time tr < 5 ns 
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___ Jl ___ 2N22-97 

S!LICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor intended for large signal h.f. and v.h.f. amplifier applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 oc 

Junction temperature 

D.C. current gain 
I c = 150 mA; V CE = 10 V 

Transition frequency at f = 20 MHz 
I c = 50 mA; V CE = 10 V 

MECHANICAL DATA 

Fig. 1 T0-39; collector connected to case. 

Vcso 

VcEO 

le 

Ptot 

Tj 

hFE 

fT 

max. 80 v 
max. 35 v 
max. 1,0 A 

max. 0,8 w 
max. 200 °c 

40 to 120 

> 60 MHz 

Dimensions in mm 

b -0= + 
t =-0,51 

+max 
8,5 = max 

L = c 6.6 __ ,J __ 12.7 _I 
5,08 ... 

- 9,4_ max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max min ns93221 

(May 1979 
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2N2297 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 80 v 
Collector-emitter voltage (open base) Vern max. 35 v 
Emitter-base voltage (open collector) VEBO max. 7,0 v 
Collector current (d.c.) le max. 1,0 A 

Total power dissipation 
up to Tease= 25 °c Ptot max. 5,0 w 
up to Tease= 100 oc Ptot max. 2,8 w 
up to T amb = ~5 oc Ptot max. 0,8 w 

Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to case Rth j-c 35 K/W 

From junction to ambient in free air Rth j-a 219 K/W 

2 



-~------- ---------

l Silicon planar epitaxial transistor 2N2297 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 
IE= O; Vcs = 60 v lcso < 10 nA 

IE= O; Vcs = 60 V; Tamb = 150 oc 'cso < 10 µ.A 

Emitter cut-off current 
lc=O;VEs=5,0V IEBO < 10 nA 

Collector-emitter sustaining voltage* 
IC = 30 mA; I B = 0 VcEOsust > 35 v 

Saturation voltages* 
le= 150 mA; Is= 15 mA VcEsat < 0,2 v 
lc=1A;1 8 =1oomA** VcEsat < 1,0 v 

VsEsat < 1,6 v 
D.C. current gain* 

le= 10 mA; VcE = 10 v hfE > 30 

le= 150 mA; VcE = 10 V hf E 40 to 120 

le= 1,0A;VcE=10V hfE > 15 

Feedback time constant 
le= 10mA;Vcs= 10V;f=4,0MHz rbb· cb'c < 800 ps 

Collector capacitance at f = 500 kHz 
IE = le = O; V CB = 10 V Cc- < 12 pF 

Emitter capacitance at f = 500 kHz 
le= le= O; VEB = 0,5 v Ce < 80 pF 

Transition frequency at f = 20 MHz 
lc=50mA;VcE=10V fy > 60 MHz 

*Measured under pulse conditions to avoid excessive dissipation: tp = 300 µ.s; Ii .;;;; 0,01. 
* * Measured with a lead length of 1 cm. 

(Moy 197' 
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-~~~~~~~~~~~~~~~-J---·~-2-N-2-36-8~~. . 2N2369 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a T0-18 metal envelope with the collector connected to the case. The 2N2368 and 
2N2369 are primarily intended for use in very high-speed saturated switching and v.h. f. amplification. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
lc=10mA;VcE=1 v 

Transition frequency 
le= 10 mA; VcE = 10 V 

Storage time 
le= Is= -IBM= 10 mA 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

2N2368 
2N2369 

2N2368 
2N2369 

2N2368 
2N2369 

Vcso 

VcEO 

ICM 

Ptot 

Tj 

hFE 
hFE 

fT 
fT 

ts 
ts 

~;. [ ~I==== 
I ... 5,3 _./_ 12 7min _I 

max ' 
7Z69420.1 

Accessories: 56246 (distance disc). 

max. 40 v 
max. 15 v 
max. 500 mA 

max. 360 mW 

max. 200 oc 

20 to 60 
40 to 120 

> 400 MHz 
> 500 MHz 

< 10 ns 
< 13 ns 

Dimensions in mm 

November 1979 
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2N2368 
2N2369 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector-emitter voltage with VBE = 0 

Emitter-base voltage (open collector) 

Current 

Collector current (peak value; t = 10 µs) 

Power dissipation 

Total power dissipation up to Tamb = 25 °c 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

VcBO 

VcEO 

VCES 

VEBO 

IcM 

Ptot 

Tstg 

Tj 

Rth j-a 

Rth j-c 

max. 40 v 
max. 15 v 
max. 40 v 
max. 4.5 v 

max. 500 mA 

max. 360 mW 

-65 to +200 oc 

max. 200 oc 

0.48 0 c/mW 

0.145 OC/mW 

1) Limiting values according to the Absolute Maximum System .as defined in 
IEC publication 134. 

2 II II June 1968 



CHARACTERISTICS 

Collector cut-off current 

IE= 0; VcB = 20 V 

TE = O; V CB = 20 V; Tj = 150 oc 

Sustaining voltage 1) 

le = 10 mA; IB = o 

_Saturation voltages 

le = 10 mA; IB = 1 mA 

0ollector capacitance at f = 140 kHz 

IE= le= O; VcB = 5 v 

!? . C. current gain 1) 

le = -10 mA; v CE = 1 v 
Tc= 10 mA; VcE = 1 V; Tj = -550C 

le = 100 mA; v CE = 2 v 

Transition frequency 

Ic = 10 mA; V CE = 10 V 

I 2N2368 
2N2369 

Tj = 25 oc unless otherwise specified 

lcBO < 0.4 µA 

lcBO < 30 µA 

VcEOsust > 15 v 1) 

VcEsat < 0.25 v 
VBEsat 0. 7 to 0. 85 v 

cc < 4 pP 

2N2368 2N2369 

hp£ 20 to 60 40 to 120 

hp£ > 10 20 

hpE > 10 20 

fT > 400 500 MHz 

l) Measured under pulsed conditions to avoid excessive dissipation 
Pulse duration t = 300 µs; duty cycle Ii = 0. 01 

June 1968 II 11 
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2N2368 'I 2N2369 . 

CHARACTERISTICS (continued) 

Storage time 

le = IB = -IBM = 10 mA 

Test circuit: 1) 

A 

Turn on time 

le= 10 mA; lB = 3 mA; -VBE = 1.5 v 
Turn off time 

le= 10 mA; IE= 3 mA; -IBM= 1.5 mA 

Test circuit: 1) 

2N2368 
2N2369 

'IZllllll 

2N2368 
2N2369 

+16:.---1 
J-100/o 

V. 0 I 

+GV 

ts < 10 ns 
ts < 13 ns 

- -10°/o 
I 

Q ___ J 
Point A I 
-4V---'-~--

I 

~u 
7Z05324 ~ 

t 0 n < 12 ns 

toff < 
toff < 

15 ns 
18 ns 

v~1-~·~ 

-15V--l\_ 
I 
I 90"1.- -
I I 

ton Vea• -~ +3Y 
torr Yee•+1ZY 

VoT\ 
i ~90·~ 

I 
).,. ton •I 

V0 I I 
I I 
I I 

I 
.1 

7205329 

1) Pulse generator: Oscilloscope: 

Pulse duration t ~ 300 ns Rise time tr ::; 1 ns 
Duty cycle 6 ::; 0.02 Input impedance Ri 50 n 
Ris.e time tr ::; 1 ns 
Source impedance Rs 50 n 

4 II II June 1968 



SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a T0-18 metal envelope primarily intended for high-speed saturated switching and 
high frequency amplifier applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) Vcso max. 40 v 
Collector-emitter voltage (open base) VcEO max. 15 v 
Collector current (peak value; tp = 10 µs) ICM max. 500 mA 

Total power dissipation up to T amb = 25 oc Ptot max. 360 mW 

Junction temperature Tj max. 200 oc 

D.C. current gain at Tj = 25 oc 
40 le= 10 mA; VcE = 0,35 V hFE > 

le= 10 mA; VcE = 1,0 V hFE < 120 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 10 V fT > 500 MHz 

Storage time 
Icon= Ison= -lsoff = 10 mA ts < 13 ns 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-18. 

Collector connected to case. 

b 

;/,[ ~ : 
I .... 5,3 __ J __ 12,?min __ I 

max c - 2,54 .... 

._ 5,8-. 
max 

Accessories: 56246 (distance disc). 

7Z69420,1 

( M"I 1979 
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2N2369A J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 40 v 
Collector-emitter voltage (open base) 

le= 0,01 mA to 10 mA Vern max. 15 v 
Collector-emitter voltage (VsE = O) VcES max. 40 v 
Emitter-base voltage (open collector) VEBo max. 4,5 v 
Collector current (d.c.) le max. 200 mA 

Collector current (peak value; tp = 10 µs) ICM max. 500 mA 

Total power dissipation up to Tamb = 25 oc Ptot max. 360 mW 

up to T case = 25 °c Ptot max. 1200 mW 

up to T case = 100 oc Ptot max. 680 mW 

Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 486 K/W 

From junction to case Rthj-c 146 K/W 

------

2 Moy 19791 
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Silicon planar epitaxial transistor 2N2369A 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 
VsE=O;VcE=20V le ES < 0,4 µA 

. IE= O; Vcs = 20 V; Tamb = 150 oc lcso < 30 µA 

Base current 
VsE=O;VcE=20V -IBEX < 0,4 µA 

Collector-base breakdown voltage 
open emitter; I c = 10 µA V(BR)CBO > 40 v 

Collector-emitter breakdown voltage 
VsE = O; le= 10 µA V(BR)CES > 40 v 

Emitter-base breakdown voltage 
open collector; IE = 10 µA V(BR)EBO > 4,5 v 

Collector-emitter sustaining voltage* 
open base; le= 10 mA VcEOsust > 15 v 

Saturation voltages 
VcEsat < 0,20 v le= 10 mA; 18 = 1,0 mA 
VsEsat 0,70 to 0,85 V 

le= 10 mA; Is= 1,0 mA; Tamb = 125 °c VcEsat < 0,30 v 
VsEsat > 0,59 v 

le= 10 mA; Is= 1,0 mA; Tamb = -55 °c VsEsat < 1,02 v 
lc=30mA; ls=3,0mA VcEsat < 0,25 v 

VsEsat < 1, 15 v 
le= 100 mA; 18 = 10 mA VcEsat < 0,50 v 

VsEsat < 1,60 v 
D.C. current gain* 

le= 10 mA; VeE = 0,35 V hFE > 40 

le= 10 mA; VcE = 0,35 V; Tamb = -55 °c -hFE > 20 -
le= 10 mA; VcE = 1,0 V hFE < 120 

le= 30 mA; VcE = 0,4 V hFE > 30 

le= 100 mA; VcE = 1,0 V hFE > 20 

Collector capacitance at f = 140 kHz 
IE= le= O; Vcs = 5,0 v Cc < 4,0 pF 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 10 V fT > 500 MHz 

• Measured under pulse conditions to avoid excessive dissipation: tp = 300 µs; o < 0,02. 
~~~~~~~~~~ 

( "'' 1979 
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4 

Storage time (see Figs 2 and 3) 

Icon= I Bon= -IBoff = 10 mA 

A 

890n O,l µF 
~--r-.-..-J~ 

91 n 
V; 

2,3nF 

+11 v +lOV 7Z79603 

Fig. 2 Storage time test circuit. 

Turn-on time (see Figs 4 and 5) 
Icon= 10 mA; I Bon= 3 mA; -VB Eoff= 1,5 v 

Turn-off time (see Figs 4 and 5) 
Icon= 10 mA; I Bon= 3 mA; -IBoff = 1,5 mA 

3,3kl! T.U.T. non O,lµF 
.--{=-:l~--1 f---o 

50!! 

v, 

t 0 n: Vee • -3 v 
toff: Vee• +12 v 

50n 

+3V 7Z79605 

Fig. 4 Turn-on and turn-off test circuit. 

Pulse generator: 

Rise time tr .;;;; 1 ns 
Pulse duratie;n tp ;;;. 300 ns 
Duty factor 6 .;;;; 0,02 
Source impedance Rs son 

May 1979 I 

< 13 ns 

+6V 10% 

7279604 

Fig. 3 Waveforms at input, 
point A and output. 

ton < 12 ns 

to ff < 18 ns 

: .... T 
"· "1\10% 

90% 
_..,. ton I_ 

0~0% 

v, _L\_ 
-15V 

taff 

7279606 

Fig. 5 Input and output waveforms. 

Oscilloscope: 

Rise time tr .;;;; 1 ns 
Input impedance Ri 50 n 



m--j 
2N2483 
2N2484 

SILICON PLANAR TRANSISTORS 

N-P-N transistors in T0-18 metal envelopes with the collector connected to the case. 

These transistors are primarily intended for use in high performance, low-level, low-noise amplifier 
applications both for direct current and frequencies of up to 100 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
lc=10µA;VcE=5V 

le= 1 mA;VcE=5V 

lc=10mA;VcE=5V 

Transition frequency 
lc=0,5mA;VcE=5V 

Noise figure at Rs = 10 k.Q 
le= 10µA; VcE = 5V;B=15,7 kHz 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case 

.__ 5,8--. 
max 

Accessories: 56246 (distance disc). 

2N2483 2N2484 

Vcso max 60 60 v 
Vern max 60 60 v 
ICM max 50 50 mA 

Ptot max 360 360 mW 

Tj max 200 200 oc 

> 40 100 
hFE < 120 500 

hFE > 175 250 

hFE < 500 800 

fT typ 80 80 MHz 

F < 4 3 dB 

Dimensions in mm 

~' ~!=============> 
I ... 5,3 _..J_ 127min _I 

max ' 
7Z69420,1 

November 1979 
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2N2483 
2N2484 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Currents 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to T amb = 25 oc 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

VcBO 

VcEO 

VEBO 

1cM 

Ptot 

Tstg 

Tj 

Rth j-a 

Rth j-c 

max. 60 v 
max. 60 v 
max. 6 v 

max. 50 mA 

max. 360 mW 

-65 to +200 OC 

max. 200 oc 

0.48 0 c/mW 

0.15 0 c/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publicatiop 134. 

2 II II June 1968 



CHARACTERISTICS. 

Collector cut -off current 

IE = O; VcB = 45 V 

IE = O; VcB = 45 V; Tj = 150 °c 

Emitter cut-off current 

IC = 0; VEB = 5 V 

Base-emitter voltage 

IC= 0.1 mA; VcE = 5 V 

Collector -emitter saturation voltage 

le = l mA; lB = 0. l mA 

D. C . current gain 

le = l µA; VcE = 5 v 
le = 10 µA; VcE = 5 v 
le = 10 µA; VcE = 5 V; Tj = 55 oc 

le = 100 µA; VcE = 5 v 
Ic = 500 µA; VcE = 5 v 
Ic = 1 mA; VcE = 5 V 

Ic = 10 mA; VcE = 5 V l) 

Collector capacitance at f = l MHz 

IE = le = O; VcB = 5 v 

Emitter capacitance at f = 1 MHz 

le = le = O; V EB = o . 5 V 

Transition frequency 

Ic = 50 µA; VcE = 5 v 

le = 500 µA; VcE = 5 v 

2N2483 
2N2484 

Tj = 25 °c unless otherwise specified 

le BO < 10 nA 

le BO < 10 µA 

lEBO < 10 nA 

VBE 0. 5 to 0. 7 v 

VcEsat < 350 mV 

2N2483 2N2484 

hFE > 30 

hFE 40 to 120 100 to 500 

hFE > 10 20 

hFE > 75 175 

hFE > 100 200 

hFE > 175 250 

hFE < 500 800 

Cc < 6 6 pF 

Ce < 6 6 pF 

fT > 12 15 MHz 

> 60 60 MHz 
fT typ. 80 80 MHz 

l) Measured under pulsed conditions to prevent excessive dissipation. 
Pulse duration t < 300 µs; duty cycle o < 0.01 

June 1968 ,I 3 
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2N2483 
2N2484 

CHARACTERISTICS (continued) 

Noise figure 

le = 10 µA; VcE = 5 V; Rs= 10 kn 

f = 100 Hz; bandwidth 
f = l kHz; bandwidth 
f = 10 kHz; bandwidth 
Wide band: bandwidth 

20 Hz 
200 Hz 

2 kHz 
15. 7 kHz 

h parameters at f = l kHz 

Ic = l mA; VCE = 5 V 

Input impedance 
Reverse voltage transfer 
Small signal current gain 
Output admittance 

4 

II 

Tj = 25 oc unless otherwise specified 

F 
F 
F 
F 

2N2483 

<. 
< 
< 
< 

15 
4 
3 
4 

2N2484 

10 dB 
3 dB 
2 dB 
3 dB 

hie l.5to 13 3.5to 24 kn 
hre < 8. 8 10-4 
hfe 80 to 450 150 to 900 
hoe < 30 40 µn-1 

II 
June 1968 
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2N2904 
2N2904A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-39 metal envelopes designed primarily for high-speed switching ar;id driver 
applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
-le= 150 mA; -VcE = 10 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V; Tj = 25 oc 

Storage time 
-Icon= 150 mA;-IBon = IBoff = 15 mA 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case. 

.. 5,08 -

..__ 9,4 --.. 
max 

-Vcso 
2N2904 -Vern 
2N2904A -Vern 

·-le 

Ptot 

Tj 

hFE 

fT 

ts 

-[}: ' t ==0,51 
+max 

8,5 = 
max 

• = 
-1_ 6,6 _J __ 12,7 _ _I 

max min 7Z5932.i1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max. 60 v 
max. 40 v 
max. 60 v 
max. 600 mA 

max. 0,6 w 
max. 200 °c 

40 to 120 

> 200 MHz 

< 80 ns 

Dimensions in mm 

-

€ Products approved to CECC 50002-102, available on request. -
I ( O°'ol"" 1982 
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2N2904 
2N2904A l ___ _ 

RATINGS 

Limiting values in accordance with th.e Absolute Maximum System (I EC 134) 

Collector-base voltage (open emitter) -V CBO 

Collector-emitter voltage (open base) 
-lc<100mA 

Emitter-base voltage {open collector) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 25 oc 

up to T case = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

'"'' \9791 

2N2904 
2N2904A 

-VcEO 
-VcEO 

-VEBO 

-le 

Ptot. 

Ptot 

Tstg 

Tj 

Rthj-a 

Rthj-c 

max. 60 v 
max. 40 v 
max. 60 v 
max. 5 v 
max. 600 mA 

max. 0,6 w 
max. 3,0 w 

-65 to +200 oc 

max. 200 oc 

292 K/W 

58 K/W 



-----------

Silicon planar epitaxial transistors 2N2904 
2N2904A 

CHARACTERISTICS 

T amb = 25 °c unless otherwise specified 

Collector cut-off current 2N2904 2N2904A 

IE=O;-VcB=50V -lcso < 20 10 nA 

IE= O;-VcB = 50 V; Tamb = 150 °c -lcBO < 20 10 µA 

+VBE = 0,5 V; -VcE = 30 V -lcEX < 50 50 nA 

Base current 
+VBE = 0,5 V; -VcE = 30 V IBEX < 50 50 nA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 60 60 v 

Collector-emitter breakdown voltage • 
open base; -I c = 10 mA -V(BR)CEO > 40 60 v 

Emitter-base breakdown voltage 
open collector; -IE = 10 µA -V(BR)EBO > 5 5 v 

Saturation voltages • 
-VcEsat < 0,4 0,4 v 

-le= 150 mA; -1 8 = 15 mA 
-VBEsat < 1,3 1,3 v 

-le= 500 mA;-1 8 = 50 mA -VcEsat < 1,6 1,6 v 
-VsEsat < 2,6 2,6 v 

D.C. current gain 
-le= 0,1mA;-VcE=10 V hFE > 20 40 

-le= 1mA;-VcE=10V hFE > 25 40 

-le= 10 mA; -VcE = 10 V hFE > 35 40 

-le =150 mA; -VcE = 10 V * hFE > 40 40 

< 120 120 

-le =500 mA; -VcE = 10 V * hFE > 20 40 

Collector capacitance at f = 100 kHz ----
IE= le=O;-VcB = 10V Cc < 8 pF 

Emitter capacitance at f = 100 kHz 
le= le= O; -VEB = 2 v Ce < 30 pF 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V * fT > 200 MHz 

• Measured under pulse conditions to avoid excessive dissipation: tp < 300 µs; o < 0,02. 
~~~~~~~~~~~ 

( J"'' 1979 3 
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2N2904 
2N2904A l ___ _ 

Turn-on time (see Fig. 2) 
when switched to -Icon= 150 mA; -I Bon= 15 mA 
delay time 

rise time 

turn-on time 

-30V 

Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 

Turn-off time (see Fig. 3) 
when switched from -Icon= 150 mA; -I Bon= 15 mA 
to cut-off with +I Boff = 15 mA 
storage time 

fall time 

10 ns 

40 ns 

45 ns 

80 ns 

30 ns 

turn-off time toff < 100 ns 
+15V -6V 

Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 

Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 
frequency f = 150 Hz rise time tr .;:; 
pulse duration tp = 200 ns 
rise time tr .;:; 2 ns 

input impedance Zi 

output impedance Z0 = 50 n 

5 ns 
10 Mn 

'"'' 19791 -------------------------
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Silicon planar epitaxial transistors 2N2904 
2N2904A 

600 

-le 
(mA) 

400 

200 

0 

1-t-

L 

1 

0 

-Is= 10mA ~ 
12 

V" 
Vi 

i.... 
i..... 

IL 

""' ll: 
ll: L."'1 

""" 
~ 

~ 
1-"'1 

~ 

20 

7Z82346 

~ 
_i;;;; 8mA 2N2904 

[.... 

i,.... 6mA 
i..-

"""' 
4mA 

~ 

2mA 

40 60 -VeE (V) 80 

Fig. 4 Typical values; Tj = 25 oe. 

600 7Z82347 

t--+- -Is= 12m~10m~ 8mA..,.,~J..-1+-+---H-!-+-1-+-+-l--1--+++---I 2N2904A 
P'1 V -pL ~ 6mA 

-le t-+-+-t--+---11---¥'~+-+--+--1~121'-+-+-+-+-+____,_vf-+-+-t--+---1f-+-+-+p~i..;..c+--lf-+--l-l---+-+--+-l-+-+-+--+-<f-+-+---l---l 
(mAl1-+-++.11Z~~H-::il"'l-P"'+J..-1---H-+-::~v+-+v-+-1-+++--+-d~i....~++---H-1-+++-+-1--1-+++---1-1f--l---1-1-1 IZ ~ ~ :i;;;; 

lf-t-+-t--:l.o-l-"F"""=r-----t-+t-++-l-++-++-IH-+-i--1-1-++-l--l-t-++ 2 mA +-+-+-+--+-t-+-+-+-+---IH 
200 I!": ""' 

o .................................................................................................... ...._._,_......._......_._,_ ......... ......_. ................. ....L...__._ ......... _._.L...L...J......I~ 
0 20 40 60 -VeE (V) 80 

Fig. 5 Typical values; Tj = 25 oe. 
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600 

-le 

(mA) 

400 

200 

2N2904 

ll 

z 
1 

I 

l 
0 

0 

I~ 
I/ 
~ 

y 
17 
~ 

typ LT 
]1 

llJ 
.,,-

7Z82348 
y 600 

-le 
(mA) 

400 

200 

0 
17 

0 

7Z82349 

2N2904 

typ 

~ 

~ 

II 

-VsE(V) 2 10 -Is (mA) 20 

Fig. 6 -VeE = 5,0 V; TJ = 25 oe. Fig. 7 -VeE = 5,0 V; Tj = 25 oe. 
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Silicon planar epitaxial transistors 
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2N2905 
2N2905A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-39 metal envelopes designed primarily for high-speed switching and driver 
applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -Vcso max. 60 v 
Collector-emitter voltage (open base) 2N2905 -Vern max. 40 v 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 oc 

Junction temperature 

D.C. current gain at Ti = 25 oc 
-le= 150 mA; -VcE = 10 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V; Tj = 25 oc 

Storage time 
-Icon =150mA;-ls0 n=lsoff=15mA 

2N2905A -Vern 

-le 

Ptot 

Tj 

hFE 

fT 

ts 

max. 60 v 
max. 600 mA 

max. 0,6 w 
max. 200 oc 

100 to 300 

> 200 MHz 

< 80 ns 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case. 

5,08 .... 

- 9,4_ max 

b -0= + 
t =-0,51 

+max 
8,5 = max 

• = 
-L 6.6 _1 __ 12.7 _I 

max min ns9n.2.1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

€ Products approved to CECC 50002-102, available on request. 

October 1982 

-

-
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2N2905 
2A2905A l __ _ 

RATINGS 

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

Collector-base voltage (open emitter) -Vcso max. 60 v 
Collector-emitter voltage (open base) 

2N2905 -Vern max. 40 v -le< 100 mA 
2N2905A -Vern max. 60 v 

Emitter-base voltage (open collector) -VEBo max. 5 v 
Collector current (d.c.) -le max. 600 mA 
Total power dissipation 

up to Tamb = 25 oc Ptot max. 0~6 w 
up to T case = 25 oc Ptot max. 3,0 w 

Storage temperature Tstg -65 to + 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 292 K/W 
From junction to case Rthj-c 58 K/W 

'"''""I 



Silicon planar epitaxial transistors 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 
IE=O;-Vcs=50V -lcso 
IE= 0; -Vcs = 50 V; Tamb = 150 °c -lcso 
+VsE = 0,5 V; -VcE = 30 v -le EX 

Base current 
+ VsE = 0,5 V; -VcE = 30 v IBEX 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO 

Collector-emitter breakdown voltage* 
open base; -le= 10 mA -V(BR)CEO 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA_ -V(BR)EBO 

Saturation voltages* 
-VcEsat -le= 150 mA; -Is= 15 mA 
-VsEsat 

-le= 500 mA; -1 8 = 50 mA -VcEsat 
-VsEsat 

D.C. current gain 
-le= 0,1mA;-VcE=10V hFE 
-le= 1mA;-VcE=10V hFE 
-le= 10mA;-VcE=10V hFE 

-le= 150 mA; -VcE = 10 V* hFE 

-le= 500 mA; -VcE = 10 V* hFE 
Collector capacitance at f = 100 kHz 

IE= le= O; -Vcs = 10 v Cc 
Emitter capacitance at f = 100 kHz 

le= le= O; -VEB = 2 v Ce 
Transitiori frequency at f = 100 MHz 

-le= 50 mA; -VcE = 20 V* fT 

< 
< 
< 

< 

> 

> 

> 

< 
< 
< 
< 

> 
> 
> 
> 
< 
> 

< 

< 

> 

2N2905 
2N2905A 

2N2905 2N2905A 

20 10 nA 

20 10 µA 

50 50 nA 

50 50 nA 

60 60 v 

40 60 v 

5 5 v 

0.4 0.4 v 
1,3 1,3 v 
1,6 1,6 v 
2,6 2,6 v 

35 75 

50 100 

75 100 

100 100 
300 300 

30 50 

8 pF 

30 pF 

200 MHz 

--

* Measured under pulse conditions to avoid excessive dissipation; tp < 300 µs; ll < 0,02. 
~~~~~~~~~~ 
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Turn-on time (see Fig. 2) 
when switched to -Icon= 150 mA; -Ison= 15 mA 
delay time 

rise time 

turn-on time 

td < 10 ns 

tr < 40 ns 

t0 n < 45 ns 

-30V 

Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 

Turn-off time (see Fig. 3) 
when switched from -Icon= 150 mA; -Ison= 15 mA 
to cut-off with + lsoff = 15 mA 
storage time 

fall time 

turn-off time 

ts < 80ns 

tf < 30 ns 

t0 ff < 100 ns 

+15V -6V 

Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 

Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 
frequency f = 150 Hz rise time tr .;;;; 5 ns 
pulse duration tp = 200 ns input impedance Zi 10 MO 
rise time tr .;;;; 2 ns 
output impedance Z0 = 50 0 

4 J"IV 1979, .-------------------------
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2N2906 
2N2906A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P medium power transistors in T0-18 metal envelopes designed primarily for high-speed switching 
and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
-le= 150 mA; -VcE = 10 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V; Tj = 25 oc 

Storage time 
-Icon= 150 mA; -Ison= laoff = 15 mA 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case. 

-Vcso 
2N2906 -Vern 
2N2906A -Vern 

-le 

Ptot 

Tj 

hFE 

fr 

ts 

max. 60 v 
max. 40 v 
max. 60 v 
max. 600 mA 

max. 0,4 w 
max. 200 oc 

40 to 120 

> 200 MHz 

< 80 ns 

Dimensions in mm 

4. [ ~ I 

I ... 5,3 ..... 1- 12,7min -max 

+o 51 
+nlax 

..... 5,8-.. 
max 

Accessories: 56246 (distance disc). 

€ Products approved to CECC 50002-103, available on request. 

7Z69420.1 

October 1982 

-

---

-
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RATINGS 

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

Collector-base voltage (open emitter) -Vcso max. 60 v 
40 v 
60 v 

Collector-emitter voltage (open base) 
-le< 100 mA 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation 
up to T amb = 25 oc 

up to T case = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

J"ly 19791 

2N2906 
2N2906A 

-VcEO 
-VcEO 

-VEBO 

-le 

Rth j·a 

Rth j·c 

max. 
max. 

max. 

max. 

max. 

5 v 
600 mA 

0,4 w 
max. 1,2 W 

-65 to + 200 oc 

max. 200 oc 

43B K/W 
146 K/W 



Silicon planar epitaxial transistors 2N2906 
2N2906A 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 
2N2906 2N2906A 

IE= O; -Vcs = 50 v -lcso < 20 10 nA 

IE= O; -Vcs = 50 V; Tamb = 150 oc -lcso < 20 10 µA 

+ VsE = 0,5 V; -VcE = 30 v -le Ex < 50 50 nA 
I 

Base current 
+ VsE = 0,5 V; -VcE = 30 v IBEX < 50 50 nA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 60 60 v 

Collector-emitter breakdown voltage• 
open base; -le= 10 mA -V(BR)CEO > 40 60 v 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA -V(BR)EBO > 5 5 v 

Saturation voltages• 
-VcEsat < 0,4 0,4 v 

-le= 150 mA; -Is= 15 mA 
-VsEsat < 1,3 1,3 v 

-le= 500 mA;-1 8 = 50 mA -VcEsat < 1,6 1,6 v 
-VsEsat < 2,6 2,6 v 

D.C. current gain 
-le= 0,1 mA;-VcE=10V hFE > 20 40 

-le= 1mA;-VcE=10V hFE > 25 40 

-le= 10 mA; -VcE = 10 v hFE > 35 40 

-le= 150 mA; -VcE = 10 V* hFE 
> 40 40 
< 120 120 

-le= 500 mA; -VcE = 10 V* hFE > 20 40 

Collector capacitance at f = 100 kHz 
IE= le= O; -Vcs = 10 v Cc < 8 pF 

Emitter capacitance at f = 100 kHz 
le= le= O;-VEB = 2 v Ce < 30 pF 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V* fT > 200 MHz· 

* Measured under pulse conditions to avoid excessive dissipation: tp.;;; 300 µs; o .;;; 0,02. 
--~~~~~~~~~ 
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2N2906 
2N2906A 

Turn-on time (see Fig. 2) 
when switched to -Icon= 150 mA; -I Bon= 15 mA 
delay time 

rise time 

turn-on time 

-30V 

< 
< 
< 

10 ns 

40 ns 

45 ns 

Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 

Turn-off time (see Fig. 3) 
when switched from -Icon= 150 mA; -Ison= 15 mA 
to cut-off with + I Boff = 15 mA 
storage time 

fall time 

turn-off time 

_,.:lf 
-1tp1-

ts < 80 ns 

tf < 30 ns 

t 0 ff < 100 ns 

+15V -6V 

Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 

Pulse generator (see Figs 2 and 3) 
frequency f 150 Hz 
pulse duration tp 200 ns 
rise time tr .;;;; 2 ns 
output impedance Z0 50 .n 

J"'' ""I 
Oscilloscope (see Figs 2 and 3) 
rise time tr < 
input impedance Zi .;;;; 

5 ns 
10 MU 



SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P medium power transistors in T0-18 metal envelopes designed primarily for high-speed switching 
and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 °c 

Junction temperature 

D.C. current gain at Tj = 25 oc 
-le= 150 mA; -Vee= 10 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; -Vee= 20 V; Tj = 25 oc 

Storage time 
-Icon= 150 mA; -Ison= IBoff = 15 mA 

MECHANICAL DATA 

Fig. 1 T0-18. 

Collector connected to case. 

-Vcso 

2N2907 -Vceo 
2N2907A -Vern 

-le 

Ptot 

Tj 

hFE 

tr 

ts 

max. 60 v 
max. 40 v 
max. 60 v 
max. 600 mA 

max. 0,4 w 
max. 200 °c 

100 to 300 

> 200 MHz 

< 80 ns 

Dimensions in mm 

~~. [!============= 
'--I .. 5,3 -.1- 127min _I c - 2,54 .. max ' 

--J~x--
7269420,1 

Accessories: 56246 (distance disc). 

€ Products approved to CECC 50 002-103, available on request. 

October 1982 

-

-
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2N2907 
2N2907A l ___ _ 

RATINGS 

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

Collector-base voltage (open emitter) -V CBO 

Collector-emitter voltage (open base) 
-le< 100 mA 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 25 oc 

up to T case = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

2N2907 
2N2907A 

-VcEO 
-VcEO 

-VEBO 

-le 

Rth j-a 

Rthj-c 

max. 60 v 

max. 40 v 
max. 60 v 
max. 5 v 
max. 600 mA 

max. 0,4 w 
max. 1,2 w 
-65 to +200 oc 

max. 200 oc 

438 K/W 

146 K/W 



Silicon planar epitaxial transistors 2N2907 
2N2907A 

CHARACTERISTICS 

Tamb = 25 °c unless otherwise specified 

Collector cut-off current 2N2907 2N2907A 

IE= 0;-Vcs = 50 v -lcso < 20 10 nA 

IE= 0;-Vcs = 50 V; Tamb = 150 oc -lcso < 20 10 µA 

+vsE = 0,5 V; -VcE = 30 v -lcEX < 50 50 nA 

Base current 
+vsE = 0,5 V; -VcE = 30 v IBEX < 50 50 nA 

Collector-base breakdown voltage 
open emitter; -le= 10 µA -V(BR)CBO > 60 60 v 

Collector-emitter breakdown voltage * 
open base; -le= 10 mA -V(BR)CEO > 40 60 v 

Emitter-base breakdown voltage 
open collector; -IE= 10 µA -V(BR)EBO > 5 5 v 

Saturation voltages * 
-VcEsat < 0,4 0,4 v 

-le= 150 mA; -1 8 = 15 mA 
-VsEsat < 1,3 1,3 v 

-le= 500 mA; -Is= 50 mA -VcEsat < 1,6 1,6 v 
-VsEsat < 2,6 2,6 v 

D.C. current gain 
-lc=0,1 mA;-VcE=10V hFE > 35 75 

-le= 1mA;-VcE=10V hFE > 50 100 

-le= 10 mA; -VcE = 10 V hFE > 75 100 

-le =150 mA; -VcE = 10 V * hFE 
> 100 100 
< 300 300 

-le =500 mA; -VcE = 10 V * hFE > 30 50 

Collector capacitance at f = 100 kHz --~ 

IE= le= O; -Vcs = 10 v Cc < 8 pF -Emitter capacitance at f = 100 kHz 
le= le= O; -VEB = 2 v Ce < 30 pF 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 20 V * fT > 200 MHz -

* Measured under pulse conditions to avoid excessive dissipation: tp < 300 µs; o < 0,02. 
~~~~~~~~~~~ 
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2N290'7 l 
2N2907A 

--~~~~~~~~~~~~~~~~~~~~~~ 

Turn-on time (see Fig. 2) 
when switched to -Icon= 1q0 mA; -Ison= 15 mA 
delay time 

rise time 

turn-on time 

td < 10 ns 

tr < 40 ns 

ton < 45 ns 

-30V 

T.U.T. 

7Z82344 

Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 

Turn-off time (see Fig. 3) 
when switched from -Icon= 150 mA; -Ison= 15 mA 
to cut-off with +.I Soff = 15 mA 
storage time ' 

fall time 

turn-off ti me 

+15V -6V 

80 ns 

30 ns 

t 0 ff < 100 ns 

Fig. 3 Input waveform and test circuit for determining storage, fall and turn:off time. 

.Pulse generator (see Figs 2 and 3) 
frequency f = 150 Hz 
pulse duration tp = 200 ns 
rise time tr .;;;; 2 ns 
output impedance Z0 = 50 n 

J"ly197911 

Oscilloscope- (see Figs 2 and 3) 
rise time 
input impedance 

5 ns 
10 Mn 



SILICON PLANAR EPITAXIAL TRANSISTORS 

2N3019 
2N3020 

N-P-N transistors in T0-39 metal envelopes intended for use as amplifiers and in switching circuits. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) Vcso m~x. 140 v 
Collector-emitter voltage (open base) VcEO max. 80 v 
Collector current (d.c.) le max. A 

Total power dissipation 
up to Tamb = 25 °c Ptot max. 0,8 w 
up to T case = 25 cc Ptot max. 5,0 w 

Junction temperature Tj max. 200 cc 

2N3019 2N3020 
. D.C. current gain > 100 40 

le= 150 mA; VcE = 10 V hFE < 300 120 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V fT > 100 80 MHz 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-39. 

Collector connected to case 

-OF , t ==0,51 
+max 

~~x = 
L = c 6.6 _.1_ 12.7 __ I 5,08 -

- 9,4_ 
max 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

max min nssn2.1 

€ Products approved to CECC 50 002-175, available on request. 

( Octob" 1982 

-



. 2N3019 I 
2N3020 . 

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

Voltages 

Collector-base voltage (open emitter) Vcso max. 140 v 
Collector-emitter v;oltage (open base) VcEO max. 80 v 
Emitter-base voltage (open collector) VEBO max. 7 v 

Current 

Collector current (d. c.) Ic max. 1 A 

Power dissipation 

Total power dissipation up to Tamb = 25 °c Ptot max. 0,8 w 
up to Tease ='25 °c Ptot max. 5,0 w 

Temeeratures 

Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 218 OC(W 

From junction to case ·Rth j-c 35 oe(W 

CHARACTERISTICS T a~b = 25 °e unless otherwise specified 

Collector cut-off current 

IE'= 0; VcB = 90 V Icso < 10 nA -- IE= O; VcB = 90 V; Tamb = 150 oc Icso < 10 µA 

Emitter cut-off current 

le= O; VEB = sv IEBO < 10 nA 

Breakdown voltages 

IE = O; le= 100 µA Y(BR)CBO > 140 v 
Is = o; Ie = 30mA V(BR)CEO > 80 v 1) 

Ie = O; IE = 100 µA V(BR)EBO > 7 v 

Saturation voltages 

Ic = 150 mA; Is = 15 mA VcEsat < 0,2 v 
VsEsat < l, l v 1) 

Ic = 500 mA; IB = 50 mA· VcEsat < 0,5 v 1) 

1) Measured under pulse conditions: tp = 300 µs; 6 ::: 0,01. 

2 II II November 1975 



·2N30l9 
2N3020 

CHARACTERISTICS (continued) T amb = 25 °c unless otherwise specified 

D. C. current gain 1) 
2N3019 2N3020 

> 50 30 
Ic = 0,lmA;VcE = lOV hpE < 100 

10 mA; V CE = 10 V 
> 90 40 

le = hpE < 120 

> 100 40 
le = 150 mA; VcE = 10 v hpE < 300 120 

le = 150 mA; VcE = 10 V; Tease= -55 oc hpE > 40 

500 mA; VcE = 10 v hpE 
> 50 30 

le = < 100 

le= 1000 mA; VcE = 10 V hpE > 15 15 

Transition frequency at f = 20 MHz 

re = 50 mA; V CE = 10 V fT > 100 80 MHz 

Collector capacitance at f = 1 MHz 

IE = le = O; V CB = 10 V Cc < 12 12 pF 

Emitter ·capacitance at f = 1 MHz 

. Ic =le = O; VEB = 0, 5 v Ce < 60 60 pF 

Feedback time constant at f = 4 MHz 

re = 10 mA; V CB = 10 V rbb'Cb'c < 400 400 ps -
Small-signal current gain at f = 1 kHz ---

re= l,O mA; VcE = sv >. 80 30 
hfe < 400 200 

Noise figure at f = l kHz 

Ic = 0' l mA ; v CE = 10 v; Rs = 1 k Q F < 4 dB 

1) Measured under pulse conditions : tp = 300 µs; o :S 0, 0 l. 

November 1975 
11 II 3 





2N3053 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a T0-39 metal envelope designed for medium speed, saturated and non-saturated 
switching applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T case= 25 °c 

Junction temperature 

D.C. current gain 
le= 150 mA; VcE = 10 V 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V 

MECHANICAL DATA 

Fig. 1 T0-39. 

Collector connected to case 

b 

Vceo 

VcEO 

le 

Ptot 

Tj 

hFE 

fT 

-0= + 
t =-0,51 

+max 
~~x = 
L = 

max. 60 v 
max. 40 v 
max. 700 mA 

max. 5,0 w 
max. 200 oc 

50 to 250 

> 100 MHz 

Dimensions in mm 

5,08 

- 9,4_ max 

[ 6,6 --l--12,1 -' max min 1z59322.1 

Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 

r °"""" •• ,, 

----
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2N3053 l __ _ 
RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 60 v 
Collector-emitter voltage (open base)* Vern max. 40 v 
Emitter-base voltage (open collector) VEBO max. 5 v 
Collector current (d.c.) le max. 700 mA 

Total power dissipation up to Tease= 25 oc Ptot max. 5,0 w 
Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 
•I 

From junction to case Rthj-c 35 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
VcE = 30 V; -VsE = 1,5 v lcEX < 0,25 µA 

Emitter cut-off current 
le= O; VEB = 4 V IEBO < 0,25 µA 

Collector-base breakdown voltage 
open emitter; le= 100 µA V(BR)CBO > 60 v 

Collector-emitter breakdown voltage** 
open emitter; le= 100 µA V(BR)CEO > 40 v 
le= 100 mA; RsE = 10 fl. V(BR)CER > 50 v 

Emitter-base breakdown voltage 
open collector; IE = 100 µA V(BR)EBO > 5 v 

Base-emitter voltage 
le= 150 mA; VcE = 2,5 V VsE < 1,7 v 

Saturation voltages 
VcEsat < 1,4 v le= 150 mA; Is= 15 mA 
VsEsat < 1,7 v 

D.C. current gain 
le= 150 mA; VcE = 2,5 V hFE > 25 
le= 150 mA; VcE = 10 V** hFE 50 to 250 

Collector capacitance at f = 140 kHz 
IE= le= O; Vcs = 10 v Cc < 15 pF 

Emitter capacitance at f = 140 kHz 
le= le= O; VEB = 0,5 v Ce < BO pF 

Transition frequency at f = 20 MHz 
le= 50 mA; VcE = 10 V fy > 100 MHz 

* For le= 0 to 100 mA (pulse conditions): tp = 300 µs; li = 0,018, 0 to 700 mA for shorter pulses. 
** Measured under pulse conditions to avoid excessive dissipation: tp = 300 µs; li = 0,018. 

2 Ottobod 9791 
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SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in plastic T0-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 

P-N-P complements are 2N3905 and 2N3906. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation at T amb = 25 oc 

Junction temperature 

D.C. current gain 
lc=10mA;VcE=1 v 

Transition frequency at f = 100 MHz 
lc=10mA;VcE=20V 

Storage ti me 
Icon= 10 mA; Ison= -lsoff = 1 mA 

MECHANICAL DATA 

Fig. 1 T0-92. 
1 

,~ 
7Z671Lo'JA 

Vcso 

VcEO 

le 

Ptot 

Tj 

hFE 

fT 

ts 

max. 60 v 
max. 40 v 
max. 200 mA 

max. 350 mW 

max. 150 oc 

2N3903 2N3904 

> 50 100 
< 150 300 

> 250 300 MHz 

< 175 200 ns 

Dimensions in mm 

'0,40 
+min 

1- 5,2 ma•-i----12,7 min----' 

I o h:l===~ =========i 

+ 0,49 
+max 

diameter within 2,0 max_J I 
1s uncontrolled ...._ 

7Z78972 2 
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2N3903 l 2N3904 

RATINGS 

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

Collector-base voltage (open emitter) VcBO max. 60 v 
Collector-emitter voltage (open base) VcEO max. 40 v 
Emitter-base voltage (open collector) VEBO max. 6 v 
Collector current (d.c.) le max. 200 mA 

Total power dissipation at Tamb = 25 °c Ptot max. 350 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 357 K/W 

CHARACTERISTICS 

Tamb= 25oc 

Currents at reverse biased emitter junction 
lcEX < 50 nA 

VcE = 30V;-VBE = 3 V 
-IBEX < 50 nA 

Saturation voltages * 
VcEsat < 200 mV 

le= 10mA; IB= 1 mA 
VBEsat 650td850 mV 

lc=50mA;IB=5mA VcEsat < 300 mV 
VBEsat < 950 mV 

D.C. current gain * 
2N3903 2N3904 

I c = 0, 1 mA; V CE = 1 V hFE > 20 40 

- le= 1mA;VcE=1 V hFE > 35 70 - > 50 100 - le= 10mA:VcE= 1 v hFE -- < 150 300 -- le= 50 mA; VcE = 1 V hFE > 30 60 

le= 100 mA; VcE = 1 V hFE > 15 30 

Collector capacitance at 100 kHz<:; f <:; 1 MHz 
IE= le=O:VcB=5V Cc < 4 4 pF 

Emitter capacitance at 100 kHz<:; f <:; 1 MHz 
le= le= O; VEB = 0,5 v Ce < 8 8 pF 

Transition frequency at f = 100 MHz 
l_c= 10mA:VcE = 20 v fT > 250 300 MHz 

Noise figure at Rs= 1 kn 
le= 100µA; VcE = 5 v 
f = 10 Hz to 15,7 kHz F < 6 5 dB 

* Measured under pulse conditions: tp = 300 µs; 1i = 0,02. 

, """'""' , .. , I 



Silicon planar epitaxial transistors 

h-parameters (common emitter) 
le= 1 mA; VcE = 10 V; f = 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small-signal current gain 
Output admittance 

Switching times 
Turn-on time (see Figs 2 and 3) when switched from 

-VBEoff = 0,5 V to Icon= 10 mA; I Bon= 1 mA 

Delay time 
Rise time 

v, 
IV) 

+ 10,6 ,__ _______ _ 

- t, --- tp --- 7Z74965 

Fig. 2 Input waveform; tr< 1 ns; tp = 300 ns; 
0 = 0,02. 

Turn-off time (see Figs 4 and 5) 
Icon= 10 mA; I Bon= -IBoff = 1 mA 

Storage time 
Fall time 

v, 
{VJ 

+ 10,9 --~---

-9, 11--+-----+--+'---~ 

-tp-tf- 7Z74967 

Fig. 4 Input waveform; tf < 1 ns; 
10 µs < tp < 500 µs; o = 0,02. 

2N3903 

hie 1 to 8 
hre 0, 1 to 5 
hfe 50 to 200 
hoe 1 to 40 

< 35 
< 35 

+3V 

2N3903 
2N3904 

2N3904 

1 to 1 o kn 
0,5 to 8 10·4 

100 to 400 
1 to 40 µA/V 

35 ns 
35 ns 

275!1 

Fig. 3 Delay and rise time test circuit; total 
shunt capacitance of test jig and connectors 
Cs< 4 pF; scope impedance= 10 Mn. 

v, 

2N3903 

< 175 
< 50 

2N3904 

200 ns 
50 ns 

+3V 

275 !1 

Vo 
I 
I Tes 

___ J 

72 74968 

Fig. 5 Storage and fall time test circuit; total 
shunt capacitance of test jig and connectors 
Cs< 4 pF; scope impedance= 10 Mn. 
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2N3905 
2N3906 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in plastic T0-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 

N-P-N complements are 2N3903 and 2N3904. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation at Tamb = 25 oc 

Junction temperature 

D.C. current gain _ 
-le= 10 mA;-VcE = 1 V 

Transition frequency at f = 100 MHz 
-le= 10 mA; -VcE = 20 V 

Storage time 
-Icon= 10 mA; -Ison= lsoff = 1 mA 

MECHANICAL DATA 

Fig. 1 T0-92. 

-Vcso 

-Vern 

-le 

Ptot 

Tj 

hFE 

fT 

ts 

1--s,2 ma•-i----12,?min 

max. 40 v 
max. 40 v 
max. 200 mA 

max. 350 mW 

max. 150 °c 

2N3905 2N3906 

> 50 100 
< 150 300 

> 200 250 MHz 

< 200 225 ns 

Dimensions in' mm 

+ 0,40 
+min 

I o t:::::J==~ =====:i 

+ 0,49 
+ max 

diameter within 2,0 max I I 
is uncontrolled - .-

7Z78972 2 
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2N3905 l 2N3906 

RATINGS 

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

Collector-base voltage (open emitter) -VcBo max. 40 v 
Collector-emitter voltage (open base) -Vern max. 40 v 
Emitter-base voltage (open collector) -VEBO max. 5 v 
Collector current (d.c.) -le max. 200 mA 

Total power dissipation at T amb = 25 oc Ptot max. 350 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 357 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Currents at reverse biased emitter junction 
-le EX < 50 nA 

-VcE = 30 V; + VBE = 3 v 
+IBEX < 50 nA 

Saturation voltages * 
-VcEsat < 250 mV 

-le= 10 mA;-IB = 1 mA 
-VBEsat 650 to 850 mV 

-le= 50 mA;-ls = 5 mA -VcEsat < 400 mV 
-VsEsat < 950 mV 

D.C. current gain * . 
2N3905 2N3906 

-le= 0, 1 mA; VcE = 1 V hFE > 30 60 

-le= 1 mA; VcE = 1 V hFE > 40 80 - > 50 100 - -le= 10mA;VcE= 1 v - hFE - < 150 300 

-le= 50 mA; VcE = 1 V hFE > 30 60 

-le= 100 mA; VcE = 1 V hFE > 15 30 

Collector capacitance at 100 kHz~ f ~ 1 MHz 
IE=ie=O;-Vcs=5V Cc < 4,5 4,5 pF 

Emitter capacitance at 100 kHz~ f ~ 1 MHz 
le= le= O; -VEB = 0,5 v Ce < 10 10 pF 

Transition frequency at f = 100 MHz 
-le= 10 mA; -VcE = 20 V fT > 200 250 MHz 

Noise figure at Rs= 1 k.11 
-le= 100 µA; -VcE = 5 v 
f = 10 Hz to 15,7 kHz F < 5 4 dB 

* Measured under pulse conditions: 'tp = 30Q µs; ll = 0,02. 
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Silicon planar epitaxial transistors 

h·parameters (common emitter) 
-le= 1mA;-VcE=10V;f= 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small-signal current gain 
Output admittance 

Switching times 

2N3905 

hie 0,5 to B 
hre 0, 1 to 5 
hfe 50 to 200 
hoe 1 to 40 

2N3905 
2N3906 

2N3906 

2to12k.11 
0, 1 to 10 10·4 

100 to 400 
3 to 60 µ.A/V 

Turn-on time (see Figs 2 and 3) when switched from 
+VsEoff = 0,5 V to -Icon= 10 mA; -Ison= 1 mA 

Delay time 35 
35 

35 ns 
35 ns Rise time 

v, 
IV) 

+0,5 
Ot---tt--------1---

-10,6 t------r-r·-·-----, 
---tr-tp- 7Z74969 

Fig. 2 Input waveform; tr < 1 ns; tp = 300 ns; 
Ii= 0,02. 

Turn-off time (see Figs 4 and 5) 
-Icon= 10 mA; -Ison= lsoff = 1 mA 

Storage ti me 
Fall time 

v, 
IV) 

+9,1 t--------,-----.. 

- 10,9 t--+~---1 

Fig. 4 Input waveform; tf < 1 ns; 
10 µs < tp < 500 µs; Ii= 0,02. 

7274971 

-3V 

275fl 

Fig. 3 Delay and rise time test circuit; total 
shunt capacitance of test jig and connectors 
Cs < 4 pF; scope impedance = 10 M.11. 

v, 

2N3905 

ts < 200 
tf < 60 

-3V 

2N3906 

225 ns 
75 ns 

275fl 

Vo 

10kfl I =:=cs 
I 

1N916 I ___ J 

1N916 

7Z74972 

Fig. 5 Storage and fall time test circuit; t9tal 
shunt capacitance of test jig and connectors 
Cs< 4 pF; scope impedance= 10 M.11. 
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2N4030 to 2N4033 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in T0-39 metal envelopes primarily intended for large signal, low-noise, low-power 
audio frequency applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T amb = 25 oc 

Junction temperature 

D.C. current gain 
-le= 500 mA; -VcE = 5 V 

Transition frequency at f = 100 MHz 
-le= 50 mA; -VcE = 10 V 

-Vcso max. 

-VcEO max. 

-le max. 

Ptot max. 

Tj max. 

hFE > 

fT > 

2N4030 2N4031 
2N4032 2N4033 

60 80 v 
60 80 v 

A 

0,8 w 
200 oc 

2N4030 2N4032 
2N4031 2N4033 

25 70 

100 150 MHz 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

-OF . t =-0,51 
+max 

8,5 = 
max 

L = 
L 6.6 _J __ 12.7 _I 5,08 -

- 9,4 _ 
max 

max min 12s9nz.1 

Maximum lead diameter is guaranteed only for 12,7 mm. 

Accessories: 56245 (distance disc). 

€ Products approved to CECC 50002-131, available on request. 

( °""'"" 1982 
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2N4030 
to 

2N4033 

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

2N4030 2N4031 
Voltages 2N4032 2N4033 

Collector-base voltage (open emitter) -VCBO max. 60 80 v 

Collector-emitter voltage (open base) -VcEO max. 60 80 v 

Emitter-base voltage (open collector) -VEBO max. s s v 

Current 

Collector current (d. c.) -re max. 1 A 

Power dissipation 

Total power dissipation up to T amb = 2S oc Ptot max. 0,8 w 
up to T case= 2S oc Ptot max. 4,0 w 

Temperatures 

Storage temperature Tstg -6S to +200 oc 

Junction temperature Tj max. 200 oc 

TIIERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 218 oc;w 

From junction to case Rth j-c 44 oc;w 

CHARACTERISTICS T amb = 2S 0c unless otherwise specified 

2N4030 2N4031 
Collector cut-off current 2N4032 2N4033 

IE = O; -Vea =so v - 1cao < so nA 

IE =0; -Vca=60V -Icao < so nA 

IE = O; -V CB = SO V; T amb = ISO 0 c · - 1cao < 'so µA 

IE= O; -Vea= 60 V; Tamb = lSO oc -Icao < so µA 

Emitter cut-off current 

le= O; -VEB = sv -IEBO < 10 10 µA 

Breakdown voltages 

IE = O; -le = 10 µA -V(BR)CBO > 60 80 v 

Ia = o; - re = 10 mA -V(BR)CEO > 60 80 v 1) 

le = O; -IE = 10 µA -V(BR)EBO > s s v 

1) Measured under pulse conditions: tp = 300 µs; o :$ 0,01. 
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2N4030 
to 

2N4033 

CHARACTERISTICS (continued) 

Base-emitter voltage 

T amb = 25 oc unless otherwise specified 

2N4030 2N4031 
2N4032 2N4033 

- le = 500 mA ; - V CE = 0, 5 V 

-le= 1000 mA; -VcE =·l,OV 

Saturation voltages 

-VcEsat 
-V BE sat 

-le = 150 mA; -18 = 15 mA 

-le = 500 mA; -18 = 50 mA -VcEsat 

-le = 1000 mA; -lB = 100 mA -VcEsat 

D. C. current gain 1) 

-le= 100 µA; -VcE = sv hFE 

-le= 100 mA; -VcE = 5 v hFE 

-le= 100 mA; -VcE = 5 V; Tamb = -55 °c hFE 

-le= 500 mA; -VcE = 5 v hFE 

-le= 1000 mA; -vcE = s v 

Collector capacitance at f = 1 MHz 

lE=le=O;-VcB= lOV 

Emitter capacitance at f = 1 MHz 

Transition frequency at f = 100 MHz 

-le= so mA; -vcE = 10 v 

2N4030 hFE 

2N4031 hFE 

2N4032 hFE 

2N4033 hFE 

Cc 

Ce 

1) Measured under pulse conditions: ~ = 300 µs; o :5 0, 01. 

April 1976 II 
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> 

< 

< 

> 
< 

1, 1 

1, 2 

0, 15 
0,90 

0,50 

1, 00 

0, 15 
0,90 

0,50 

2N4030 2N4032 
2N4031 2N4033 

30 75 

40 100 
120 300 

15 40 

25 70 ---
15 

10 

40 

25 

20 

110 

2N4030 2N4032 
2N4031 2N4033 

100 150 
400 500 

II 3 

v 
v 1) 

v 

v 

pF 

pF 

MHz 
MHz 



2N4030 
to 

2N4033 

CHARACTERISTICS (continu.ed) 

Switching times 1) 

-Icon= 500 mA; -Ison= 50 mA 

Turn-on time 

-Icon= 500 mA; -Ison= +Isoff = 50 mA 

Storage time 

Fall time 

.Switching circuit: 

+3,BV -30V 

10µF 
OSC. 

-9.7:u ln+ 
Pulse generator : Oscilloscope: 

Rise time tr < 20 ns Rise time 

Fall time tf < 20 ns Input impedance 

Pulse duration tp 10 µs 

Duty factor {j < 0,02 

Source impedance Zs= 50Q 

1) See switching circuit for exact values of Ic 0 n; Ison and Isoff· 

4 I ' 

ton < 100 ns 

< 350 ns 

< 50 ns 

tr = 10 ns 

Zr> 100 kQ 

April 1976 



2N4123 
2N4124 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in plastic T0-92 envelopes, primarily intended for low-power, small-signal audio
frequency applications for consumer service. 

P-N-P complements are 2N4125 and 2N4126. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation at T amb = 25 °c 

Junction temperature 

Small-signal current gain 
le= 2 mA; VcE = 10 V; f = 1 kHz 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 20 V 

Noise figure at Rs= 1 kn. 
le= 100 µA; VcE = 5 v 
f= 10 Hz to 15,7 kHz 

MECHANICAL DATA 

Fig. 1 T0-92. 

1 

Vcso 

Vern 

le 

Ptot 

Tj 

hte 

tr 

F 

2N4123 2N4124 

max. 40 30 v 
max. 30 25 v 
max. 200 200 mA 

max. 350 350 mW 

max. 150 150 oc 

> 50 120 
< 200 480 

> 250 300 MHz 

< 6 5 dB 

Dimensions in mm 

+ 0,40 
+min '~ 

7 Z6?14~A LJ==== 
1--s.2 ma•-i----12,7 min----

mo• I 0 ~N ====== 
diameter within 2,0 m~x I I 
is uncontrolled ---. ..._ 

7Z76972 2 

+ 0,49 
+max 

October 1981 
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2N4123 
2N4124 

RATINGS 

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

~ 2N4123 2N4124 

Collector-base voltage (open emitter) Vcso max. 40 30 v 
Collector-emitter voltage (open base) Vern max. 30 25 v 

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

Collector current (d.c.) le max. 200 mA 

Total power dissipation at Tamb = 25 oc Ptot max. 350 mW 

Total power dissipation at T case= 25 °c Ptot max. 1000 mW 

Storage temperature Tstg -55 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 357 K/W 

From junction to case Rth j-c 125 K/W 

CHARACTERISTICS 

Tamb = 25 oc 

Collector cut-off current 
IE=O;Vcs=20V icso < 50 nA 

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

Saturation voltages * 
VcEsat < 300 mV 

le= 50 mA; 18 = 5 mA 
VsEsat < 950 mV 

2N4123 2N4124 

D.C. current gain * > 50 120 
le= 2 mA; VcE = 1 v hFE < 150 360 

le= 50 mA; VcE = 1 V hFE > 25 60 

Collector capacitance at f = 100 kHz 
IE=le=O;Vcs=5V Cc < 4 4 pF 

Emitter capacitance at f = 100 kHz 
le= le= O; VEB = 0,5 v Ce < 8 8 pF 

Transition frequency at f = 100 MHz 
le= 10 mA; VcE = 20 V fr > 250 300 MHz 

Noise figure at Rs= 1 kn 
le= 100µA; VcE = 5 v 
f = 10 Hz to 15,7 kHz F < 6 5 dB 

Small-signal current gain > 50 120 
lc=2mA;VcE=10V;f=1 kHz hfe < 200 480 

* Measured under pulse conditions: tp = 300 µs; /l = 0,02. 

2 October 1981 



___ J 2N4125 
2N4126 

SILICON PLANAR EPITAXIAL TRANSISTORS 

P-N-P transistors in plastic T0-92 envelopes, primarily intended for low-power, small-signal audio
frequency applications for consumer service. 

N-P-N complements are 2N4123 and 2N4124. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation at T amb = 25 oc 

Junction temperature 

Small-signal current gain 
-lc=2mA;-Vce=10V;f=1 kHz 

Transition frequency at f = 100 MHz 
-le= 10 mA; -Vee= 20 V 

Noise figure at Rs = 1 k!2 
-le= 100 µA; -Vee= 5 v 
f =-10 Hz to 15,7 kHz 

MECHANICAL DATA 

Fig. 1 T0-92. 

1 

'~ 
'.'b?IL.OA 

-Vcso 

-Vern 

-le 

Ptot 

Tj 

hte 

fT 

F 

2N4125 

max. 30 

max. 30 

max. 200 

max. 350 

max. 150 

> 50 
< 200 

> 200 

< 5 

2N4126 

25 v 
25 v 

200 mA 

350 mW 

150 oc 

120 
480 

250 MHz 

4 dB 

Dimensions in mm 

+ 0,40 
+min 

1--s,2 ma•-i-~--12,7 min 

diameter within 2,0 max I I 
is uncontrolled . -+ ..., 

7178972.2 

+ 0,49 
+max 
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2N4125 
2N4126 l __ _ 
RATINGS 

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

Collector-base voltage {open emitter) 

Collector-emitter voltage {open base) 

Emitter-base voltage {open collector) 

C~nector curre~t· (d.c.) 

1Total power dissipation at T amb = 25 oc 

1Total power dissipation at T case= 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

,From junction to case 

CHARACTERISTICS 

Tamb=: 25oc 

Collector cut-off current 
IE=O;-VcB=20V 

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

Saturation voltages* 
-le= 50 mA;-IB = 5 mA 

D.C. current gain * 
-le= 2mA;-VcE= 1 v 

-le= 50 mA; -VcE = 1 V 

Collector capacitance at f = 100 kHz 
IE= le=O;-VcB=5V 

Emitter capacitance at f = 100 kHz 
le= le= O;-VEB = 0,5 v 

Transition frequency at f = 100 MHz 
-le= 10 mA; -VcE = 20 V 

Noise figure at Rs = 1 kll 
-le= 100 µA; -VcE = 5 v 
f = 10 Hz to 15,7 kHz 

Small-signal current gain 
-le= 2 mA;-VcE = 10 V; f= 1 kHz 

2N4125 2N4126 

-VcBO max. 30 25 V 

-VcEO max. 30 25 V 

-VEBO max. 4 V 

-le max. 200 mA 

Ptot max. 350 mW 

Ptot max. 1000 mW 

Tstg -55 to+ 150 oc 

Tj · max. 150 oc 

Rth j-a 

Rth j-c 

-lcBO < 

-IEBO < 

-VcEsat < 
-VBEsat < 

fT 

F 

hfe 

> 
< 
> 

< 

< 

> 

< 
> 
< 

357 

125 

50 

50 

400 
950 

K/W 

K/W 

nA 

nA 

mV 
mV 

2N4125 2N4126 

50 
150 

25 

4,5 

10 

200 

5 

50 
200 

120 
360 

60 

4,5 pF 

10 pF 

250 MHz 

4 dB 

120 
480 

* Measured under pulse conditions: tp = 300 µs; li = 0,02. 

2 o"'°"'' 1oa1 J 
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2N5415 
2N5416 

SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 

Transistors in T0-39 metal envelopes with the collector connected to the case. 
They are intended for high-speed switching and linear amplifier applications in military, 
industrial and commercial equipment. 

QUICK REFERENCE DATA 

2N5415 2N5416 

Collector-base voltage (open emitter) -Vcoo max. 200 350 v 

Collector-emitter voltage (open base) -VcEO max. 200 300 v 

Collector current (d. c.) -le max. 1 1 A 

Total power dissipation up to T amb = 50 oc Ptot max . 1 1 w 
.Junction temperature Tj max. 200 200 oc 

D. C. current gain 
> 30 30 -le= 50 mA; -vcE = 10 v hFE < 150 120 

MECHANICAL DATA 

Fig. 1 T0-39. 

Dimensions in mm 

Collector connected to case 

5,08 -

- 9,4_ max 

b 

c 

-bE + 
' =-0,51 +max 

~~ = 
L = c 6,6 _ 12.1 _I 

max min 7zs9u2.1 

Maximum lead diameter is guaranteed only for 12, 7 mm. 

Accessories: 56245 (distance disc). 

November 1979 II II 
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2N5415 
2N5416 

c 

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

Voltages 2N5415 

Collector- base voltage (open emitter) -VcBO max. 200 

Collector-emitter voltage (open base) -VcEO max. 200 

Emitter- base voltage (open collector) -VEBO max. 4 

Currents 

Collector current ( d. c. ) -Ic max. 

Base current (d. c.) -lB max. 0,5 

Power dissipation 

Total power dissipation up to T case = 25 °c Ptot max. 10 

Total power dissipation up to T amb = 50 °c Ptot max. 1 

7Z72999 

maximum permissible power 
dissipation versus case temperature 

Temperatures 

Storage temperature 

Junction temperature 

100 

Ptot 
(%) 

50 

0 

THERMAL RESISTANCE 

From junction to case 

T"\ 
K 

K 
K 

0 

From junction to ambient in free air 

2 II 

["'i 
["'i 

T"\ 
1' 

K 
K 

f'\ 
l'I 

100 
Tease (OC) 200 

Tstg -65 to +200 

Tj max. 200 

Rth j-c 17,5 

Rth j-a 150 

II 

2N5416 

350 v 
300 v 

6 v 

A 

A 

w 

w 

oc 

oc 

0 c;w 

0 c;w 

April 1977 



CHARACTERISTICS 

Collector cut-off currents 

IE =O: -VcB = 175V 

IE;= 0; -VcB = 280 V 

IB = 0; -VcE = 150 V 

lB=O:-VcE=250V 

Emitter cut-off current 

lc=O:-VEB=4V 

Ic = 0; - V EB = 6 V 

Sustaining voltage 

I B = O; - le = O to 50 mA 

RBE = 50 Q; -Ic = 50 mA 

Teet circuit for V CEOsust 
L = 25 mH 

T.U.T. 

Saturatioil voltages 

-Ic = 50 mA; -lB = 5 mA 

D. C. current gain 

-Ic = 50 mA; -VcE = 10 v 

Collector capacitance at f = 1 MHz 

Emitter capacitance at f = 1 MHz 

Ic = le= 0; -VEB = -VEBOmax 

-~- -·-----·---·---

2N5415 
2N5416 

Tease= 25 °c 

2N5415 2N5416 

-rcBo < 50 µA 

-Icso < 50 µA 

-IcEO < 50 µA 

-lcEO < 50 µA 

-JEBO < 20 µA 

-IEBO < 20 µA 

-VcEOsust > 200 300 v 1) 

-VcERsust > 350 v 1) 

Oscilloscope display for VcEOsust 
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1) Measured Uilder pulse conditions to avoid excessive dissipation. 
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2N5416 
2N5415 . l 
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CHARACTERISTICS (continued) 

Transition frequency at f = 5 MHz 

-le= 10 mA;-VcE = 10 V 

h-parameters (common emitter) 

-le= 5 mA;-VcE = 10 V 
real part of input impedance at f = 1 MHz 

small-signal current gain at f = 1 kHz 

4 October 1982 

Tease= 25 oc 
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hfe > 

15 MHz 

300 .Q 

25 
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SOLDERING RECOMMENDATIONS SOT-37 

Transistors in SOT-37 envelopes may be mounted with leads flat (Fig. 1) or bent (Figs 2 and 3). 
Different soldering procedures apply for the different styles of mounting. 

FLAT-LEAD MOUNTING 

Soldering by hand · 

Avoid putting any force on the leads during 
or just after soldering. 

Solder the three leads one at a time, not 
simultaneously. 

Proceed from one lead to the adjacent lead, not 
to the opposite one. 

BENT-LEAD MOUNTING 

If leads are bent, all three may be soldered 
simultaneously if desired.· 

DIP OR WAVE SOLDERING 

When dip or wave soldering, the maximum 
allowable temperature of the solder is 260 oc. 
This temperature must not be in contact with 
the joint for more than 5 seconds. The total 
contact time of successive solder waves must 
not exceed 5 seconds. The device may be 
mounted up to the lead projections, but the 
temperature of the body must not exceed the 
specified storage maximum. 

November 1979 

Fig. 1 
Solder temperature max. 300 oc 
Soldering time max. 5 s 
Solder-to-case distance min. 2 mm 

printed 
:::\-circuit ,__ ___________ :._s_, board 

Fig. 2 
Solder temperature 
Soldering time 

7Z56791,1 

max. 300 oc 
max. 10 s 

_td .q. Qi_ printed 

'======:=;;<[~::...-~.W,~: .... ~J6~: =======i-~~~~: 
Fig. 3 
Solder temperature 
Soldering time 

7Z77413 

max. 260 oc 
max. 5 s 



MECHANICAL DATA 
Fig. 1 56245 for T0-5 or T0-39. 

Insulating material. 

TEMPERATURE 
Maximum permissible temperature 

Fig. 2 56246 for T0-18 or T0-72. 

Insulating material. 

TEMPERATURE 
Maximum permissible temperature 

DISTANCE DISCS 

_J ,,2 -

' + . 

m1 ~6 
--~ _l mL 

Dimensions in mm 

T max. 100 oc 

T max. 100 oc 

November 1979 
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$MALL-SIGNAL TRANSISTORS 

SELECTION GUIDE 
TYPE NUMBER SURVEY 

CECC 
APPROVED TYPES 

GENERAL 

TRANSISTOR DATA 

SOLDERING RECOMMENDATIONS SOT-37 
ACCESSORIES 



Arflentina : PHILIPS ARGENTINA S.A ., Div . Elcoma, Vedra 3892, 1430 BUENOS AIRES, Tel. 541·7141/7242 17343/7444 /7545. 
Australia : PHILIPS INDUSTRIES HOLDINGS LTD ., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 4270888. 
Austria : 6STERREICHISCHE PHILIPS BAUELEMENTE lndustrie G .m .b.H., Triester Str. 64, A · l 101 W1EN, Tel. 6291 11. 
Be~ium : N.V. PHILIPS & MBLE ASSOCIATED, 9 , rue du Pavilion, B·1030 BRUXELLES, Tel. (02) 24274 00. 
Brazil : IBRAPE. Caixa Postal 7383, Av. Br igadeiro Far ia Lima, 1735 SAO PAULO, SP, Tel. (0 11 ) 211 ·2600. 
Canada : PHI LIPS ELECTRONICS LTD .. Electron Devices Orv., 601 Milner Ave ., SCARBOROUGH, Ontario, Ml B 1 MS, Tei. 257 :, ,.., •.• 
Ch.ile : PHILIPS CH ILE NA S.A. , Av. Santa Maria 0760, SANTIAGO. Tel. 394001 . 
Colombia: SAD APES.A., P.O. Box 9805, Calle 13, No. 5 1 + 39, BOGOTA D.E. 1 .• Tel. 600600. 
Denmark : MINIWATT A /S, Emdrupvej 11 5A, DK·2400 KOBENHAVN NV ., Tel 01) 69 16 22 . 
Finland : OY PHILIPS AB, Elcoma 0 1v1s1on, Kaivokatu 8, SF·00100 HELSINKI 10, Tel. 17271. 
France: R ,T .C. LA RADIOTECHNIOUE·COMPELEC, 130 Avenue Ledru Rollin, F·75540 PARIS 11 , Tel. 35544·99. 
Germany: V A LVO, UB Bauelemente der Philips G .m.b.H., Valvo H.,us, Burchardstrasse 19, D ·2 HAMBURG 1, TH (040) 3296·0. 
Greece : PHI LIPS S.A. HELLENIOUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 92 15 111. 
Hong Kong: PHI LIPS HONG KONG LTD., Elcoma Div., 15/ F Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG, Tel. (0 )-24 51 21 . 
India: PEICO ELECTRONICS & ELECTRICA LS LTD ., Elcoma Orv., Ramon House, 169 Backbay Reclamation, BOMBAY 400020, T el. 295144. 
Indo nesia : P.T. PHILIPS·RALIN ELECTPONICS, Elcoma Orv., Panim Bank Build ing, 2nd Fl., JI. Jend . Sud 1 rm~n. P.O. Box 223, JAKARTA, Tel. 716131. 
Ireland : PHILIPS ELECTRICAL (IRE LAND) LTD., Newstead, Clonskeayh, DUBLIN 14, Tel. 693355. 
Italy: PHILIPS S.p.A. , Sez ione Elcoma, Piazza IV Novembre 3, 1·20124 M ILANO, Tel. 2-6994. 
Japan : N IHON PHI LIPS CORP., Shuwa Shinagawa Bldg., 26·33 Takanawa 3·chome, Mrnato·ku, TOKYO ( 108), Tel. 448·561 l . 

(IC Products) SIGNETICS JAPAN LTD., 8· 7 Sanbancho Ch1yoda-ku TOKYO 102, Tel . (03)230-1521 . 
Korea: PHI UPS ELECTRONICS (KOREA) L TO ., Elcoma Orv., Philips House, 260· 199 Jtaewon-dong, Yongsan·ku , C.P.0 . Box 3680, SEOUL, Tel. 7944202 . 
Malaysia: PHILIPS MALAYSIA SON . BERHAD, Lot 2, Jal an 222, Section 14, Petalrn g Jay a, P.O.B. 2 163, KUALA LUMPUR, Selangor , Tel. 77 44 11 . 
Mexico: ELECTRONICA S.A. de C.V., Varsov1a No. 36, MEXICO 6, D .F., Tel. 533-11·80. 
Netherlands: PH I LIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB EI N OHOVEN, Tel. (040 ' ·79 33 33. 
New Zealand: PHILIPS ELECTR ICAL IND . LTD ., El coma 01v1sion, 2 Wagener Place, St. Lukes, AUCKLAND, Tel . 894· 160. 
Norway : NORSK A /S PHILIPS, Electronica Dept., Sandstuve1en 70, OSLO 6 , Tel. 68 02 00. 
Peru : CADESA, Av. Alfonso Ugarte 1268, LIMA 5, Tel. 326070. 
Phihppines: PHILIPS INDUSTRI AL DEV. INC., 2246 Pasong Tamo, P.O. Box 911 , Makat1 Comm . Centre, MAKATl·RIZAL 3 11 6, Tel. Hb-H!::H:>l to b9 . 
Portugal : PHILIPS PORTUEGESA S.A.R.L ., Av. Eng. Duarte Pacheco 6, LISBOA 1. Tel. 683121 . 
Singapore: PHILIPS PROJECT DEV. !Singapore) PTE LTD., Elcoma Otv., Lorong 1, Toa Payoh, SINGAPORE 1':'31 , Tel. 2538 811 -
South Africa : EOAC (Pty . ) Ltd., 3rd Floor Rainer House, Upper Railway Rd . & Ove St., New Doornfontein , JOHANNESBURG 2001 , Tel. 614 -2362 /9. 
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. 30 1 6312. 
Sweden : PHI LIPS KOMPONENTER A .B., Lidrngov~en 50, S·l 1584 STOCKHOLM 27, Tel . 08 /67 97 80. 
Switzerland : PHI LIPS A .G , Elcoma Ol.pt., Ai!mendstr asse 140· 142, CH-8027 ZURICH , Tel. 01488 22 11 . 
Taiwan : PHILIPS TAl \f\! AN LTD.,3rd Fl., San Min Bu1td 1ng, 57·1, Chung Shan N . Ad , Sec tion 2, P.O. Box 22978. TAIPEI , T el. (021·5631717 . 
Thailand : PHILIPS ELECTRICAL CO . OF THAILAND LTD., 283 S1lom Road, P U. Be· 961 , BANGKOK, T el. 233-6330-9 . 
Turkey: Tl.JAK PHILIPST ICARET A.S., EMET Department, Inonu Cad. No. 78·80. ISTANBUL. T el 435910. 
United Kingdom: MULLARD LTD., Mullard Houi.e, Torrington Place , LONDON WC l E 7HD , Tel. 01-580~13 . 

United States: (Active Devices & Materials) AMPEAEX SALES CORP., Providence Pike, SLATEASVILLE , A!. 02876 , Tel. (401) 762·9000. 
(Pass ive Devices) MEPCO/ ELECTR A INC., Columbia Ad .. MORRISTOWN, N.J. 07960, Tel. (201)539·2000. 
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N . Glen Park Rd ., MILWAUKEE, WI 53201 , Tel. 1414)228-7380. 
(IC Prcducts) SIGNETICS CORPORATION, 8 11 East Arques Avenue, SUNNYVALE, California 9 4086, Tel. (4081 739·7700. 

Uruguay : LUZILECTRON S.A., Avda Uruguay 1287, P.O. Box 907, MONTEV IUEO, Tel. 914321 . • 
Venezuela: IND . VENEZOLANAS PHILIPS S.A .. Elcoma Dept .. A . Ppal de los Ru1ces, Ed1f . Centro Colgate. (.ARACAS, Tel. 360511. 

For all other countries apply to : Philips Electronic Components and Matenals 01v1s1on, Corporate Relations & Pro1ects, Building BAE3, 
5600 MD EINDHOVEN, THE NETHERLANDS. Tel. (040) 723304, Telex 35000. 
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