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DATA HANDBOOK SYSTEM 

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three 
series of handbooks, each comprising several parts. 
The Zhree series, identified by the colours noted, are: 

EtECTRON TUBES (9 parts) BLUE 

SEMICONDUCTORS AND INTEGRATED CIRCUITS (S parts) RED 

COMPONENTS AND MATERIALS (7 parts) GREEN 

The several parts contain all pertinent data available at the time of publication, and 
each is revised and reissued annually; the contents of each series are summarized 
on the following pages. 
We have made every effort to ensure that each series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source 
of reference. Where ratings or specifications quoted differ from those published in 
the preceding edition [hey will be pointed out by arrows. You will understand tha[we 
can not guarantee that all products listed in any one edition of the handbook will re-
main available, or that their specifications will not be changed, before the next edi-
tion is published. If you need confirmation that the pusblished data about any ofour 

products are the latest available, may we ask that you contact our representative. He is 
at your service and will be glad to answer your inquiries. 

May 1971 



ELECTRON TUBES BLUE SERIES) 

This series consists of the following parts, issued on the dates indicated. 

Part 1 January 1971 
Transmitting tubes (Tetrodes, Pentodes) Associated accessories 

Part 2 
Tubes for microwave equipment 

Part 3 
Special Quality tubes Miscellaneous devices 

Part 4 
Receiving tubes 

Part 5 
Cathode-ray tubes 
Photo tubes 
Camera tubes 

March 1971 

March 1970 

April 1971 

May 1971 
Photoconductive devices 
Associated accessories 

Part 6 June 1971 
Photomultipliers tubes Radiation counter tubes 
Channel electron multipliers Semiconductor radiation detectors 
Scintillators Neutron generator tubes 
Photoscintillators Photo diodes 

Associated accessories 

Part 7 July 1971 
Voltage stabilizing and reference tubes Thyratrons 
Counter, selector, and indicator tubes Ignitrons 
Trigger tubes Industrial rectifying tubes 
Switching diodes High-voltage rectifying tubes 

Part 8 
T.V. Picture tubes 

Port 9 
Transmitting tubes (Triodes) 
Tubes for R. F. heating (Triodes) 

August 1971 

August 1971 

January 1971 
Associated accessories 



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES; 

This series consists of the following parts, issued on the dates indicated. 

Part 1 Diodes and Thyristors September 1971 

General Thyristors, diacs, triacs 

Signal diodes Rectifier stacks 
Variable capacitance diodes Accessories 
Voltage regulator diodes Heatsinks 
Rectifier diodes 

Part 2 Low frequency; Deflection October 1971 

General 
Low frequency transistors (low power) 
Low frequency power transistors 

Deflection transistors 
Accessories 

Part 3 High frequency; Switching November 1971 

General Switching transistors 
High frequency transistors Accessories 

Parf 4 Special types December 1970 

General Beam lead devices for 
Transmitting transistors thick- and thin-film circuits 
Microwave devices Photo devices 
Field effect transistors Accessories 

Dual transistors 
Microminiature devices for 
thick- and thin-film circuits 

Part 5 Integrated Circuits March 1971 

General 
Digital integrated circuits 

DTL (FC family) 
TTL (FJ family) 
MOS (FD family) 

Linear integrated circuits 

November 1971 



COMPONENTS AND MATERIALS (GREEN SERIES) 

This series consists of the following parts, issued on the dates indicated. 

Part 1 Circuit Blocks, Input/Output Devices, October 1971 

Electro-mechanical Components •), Peripheral Devices 

Circuit blocks 40-Series 
Counter modules 50-Series 

Norbits 60-Series, 61-Series 
Circuit blocks 90-Series 

Input/output devices 
Electro-mechanical components ~~ ) 

Peripheral devices 

Part 2 Resistors, Capacitors December 1970 

Fixed resistors 
Variable resistors 
Non-linear resistors 
Ceramic capacitors 

Polyester, polycarbonate, polystyrene, 
paper capacitors 
Electrolytic capacitors 
Variable capacitors 

Part 3 Radio, Audio, Television February 1971 

FM tuners Audio and mains transformers 
Coils '~` ~`) Television tuners 
Piezoelectric ceramic resonators Components for black and white television 

and filters Components for colour television 
Loudspeakers Deflection assemblies for camera tubes 

Part 4 Magnetic Materials, Piezoelectric Ceramics April 1971 

Ferrites for radio, audio Ferroxcube potcores and square cores 
and television Ferroxcube transformer cores 

Small coils, assemblies and Piezoxide 
assembling parts Permanent magnet materials 

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1971 
Microwave Devices, Variable Transformers 

Ferrite memory cores 
Matrix planes, matrix stacks 
Complete memories 
Magnetic heads 

Quartz crystal units, crystal filters 
Isolators, circulators 
Variable mains transformers 

Part 6 Electric Motors and Accessories, August 1971 

Timing and Control Devices 

Stepper motors Small d. c. motors 
Small synchronous motors Tachogenerators and servomotors 
Asynchronous motors Indicators for built-in test equipment 

Part 7 Circuit Blocks September 1971 

Circuit blocks 100kHz Series 
Circuit blocks 1-Series 
Circuit blocks 10-Series 

Circuit blocks for ferrite core 
memory drive 

=~<) From October 1971 published in Part 1 instead of Part 5. 
.t=) Also included (under "Small coils, etc. ") in Part 4. October 1971 
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TYPE DESIGNATION 

PRO ELECTRON TYPE DESIGNATION CODE 

FOR SEMICONDUCTOR DEVICES 

This type designation code applies to discrete devices and to multiple devices 1) 

The type designation consists of: 

TWO LETTERS FOLLOWED BY A SERIAL NUMBER 

The first 1 e t t e r gives an indication of the material 

A Material with a band gap of 0.6 to 1.0 eV, such as germanium 

B Material with a band gap of 1.0 to 1.3 eV, such as silicon 

C Material with a band gap of 1.3 eV and more, such as gallium arsenide 

D Material with a band gap of less than 0.6 eV, such as indium antimonide 

R Compound material as employed in Hall generators and photoconductive 
cells 

1)A multiple device is definedas a combination of similar or dissimilar active 
devices, contained in acommon encapsulation that cannot be dismantled, and 
of which all electrodes of the individual devices are accessible from the out-
side. 

Multiples of similar devices as well as multiples consisting ofa main device 
and an auxiliary device are designated according to the code for discrete de-
vices described above. 
Multiples of dissimilar devices of other nature are designated by the second 
letter G. 

March 1969 1 



TYPE DESIGNATION 

The second 1 e t t e r  indicates primarily the main application respectively 
main application and construction if a further differentiation is essential 

A Detection diode, switching diode, mixer diode- 

B Variable capacitance diode 

C Transistor for a.f. applications (Rth j_~ > 15 oC/W) 

D Power transistor for a.f. applications (R~ j_~ < 15 °C/W) 

E Tunnel diode 

F Transistor for h.f. applications (R~ j_~ > 15 ° C/W) 

G Multiple of dissimilar devices (see note on page 1); Miscellaneous 

H Magnetic sensitive diode; Field probe 

K Hall generator in an open magnetic circuit, e.g. magnetogram or signal 
probe 

L Power transistor for h.f. applications (Rth j_~ < 15 °C/W ) 

M Hall generator in a closed electrically energised magnetic circuit, 

e.g. Hall modulator or multiplier 

P Radiation sensitive device l) 

Q Radiation generating device 

R Electrically triggered controlling and switching device having a break-

down characteristic (R~ j_~ > 15 oC/W) 

S Transistor for switching applications (Rth j-~ > 15 °C/W) 

T Electrically, or by means of light, triggered controlling and switching 
power device having a breakdown characteristic (R~ j-~ < 15 oC/W)1) 

U Power transistor for switching applications (Rth j-~ < 15 °C/W) 

X Multiplier diode, e.g. varactor, step recovery diode 

Y Rectifying diode, booster diode, efficiency diode 1) 

Z Voltage reference or voltage regulator diode 1) 

1) For the type designation of a range see page 4. 

r 
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TYPE DESIGNATI®N 

The serial number consists of: 

Three figures for semiconductor devices designed primarily for use in domestic 
equipment 

One letter and two figures for semiconductor devices designed primarily for use in 
professional equipment 

VERSION LETTER 

A version letter can be used, for instance, for a diode with up-rated voltage, for a 
sub-division of a transistor type in different gain ranges, a low noise version of an
existing transistor and for a diode, transistor, or thyristor with minor mechanical 
differences, such as finish of the leads, length of the leads etc. The letters never 
have a fixed meaning, the only exception being the letter R. 

EXAMPLES

AC187 Germanium low power a.f. transistor intended primarily for domestic 
equipment 

BYX27 Silicon rectifying diode intended primarily for professional equipment 

March 1969 3 



TYPE DESIGNATION 

TYPE DESIGNATION FOR A RANGE OF SEMICONDUCTOR DEVICES 

The type designation of a range of variants of: 

a) voltage reference or voltage regulator diodes (second letter Z) 

b) rectifying diodes (second letter Y) 

c) thyristors (second letter T) 

d) radiation detectors 

distinctly belonging to one basic type may be qualified by a suffix part which is 
clearly separated from the basic part by a dash (-) 

The basic part  being the same for the whole range, is in accordance with the 
designation code for discrete devices. 

The suffix part  consists of: 

a)for voltage reference or voltage regulator diodes 

one letter followed by the typical zener voltage and where appropriate the letter 
R 1) 

The first letter indicates the nominal tolerance of the zener voltage in 

A 1 a/o

B 2~ 

C 5°~~ 
D 10~/t
E 1 S°/-o

The typical zener voltage is related to the nominal current rating for the whole 
range. The letter V is used to denote the decimal point when this occurs. 

b) for rectifying diodes 

a number and where appropriate the letter R 1) 

The number generally indicates the maximum repetitive peak reverse voltage 
For controlled avalanche types it indicates the maximum crest working reverse 
voltage 

c) for thyristors 

a number and where appropriate the letter R 1) 
The number generally indicates either the maximum repetitive peak reverse volt-
age or the trlaximum repetitive peak off -state voltage, whichever is lower 
For controlled avalanche types it indicates the maximum crest working reverse 
voltage 

1) The letter R indicates reverse polarity (anode to stud). The normal polarity 
(cathode to stud) and symmetrical executions are not specially indicated. 

7 
d 
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TYPE DESIGNATION 

d)for radiation detectors 

a figure giving the depth of the depletion layer in µm 

~, version letter if there are differences in resolution. 

i 

EXAMPLES

BZY88series 

BZY88-C9V1 

BYX13-1200 

B'fW92-800R 

and where appropriate a 

Range of .silicon voltage regulator diodes for professional equip-
ment 

The particular type out of the range with a typical zener voltage 
of9.1Vt5~ 

The particular normal polarity type out of the BYX13serie.s with 

a maximum repetitive peak reverse voltage of 1200 V 

The particular reverse polarity type out of the BTW92,thyristor 
range of which the lower maximum repetitive peak voltage is 800V 

September 1971 J 





RATING SYSTEMS 

RATING SYSTEMS 

ACCORDING TO I.E.C. PUBLICATION 134 

1. DEFINITIONS OF TERMS USED 

1.1 Electronic device. An electronic tube or valve, transistor or other 
semiconductor device. 
Note: This definition excludes inductors, capacitors, resistors and 

similar components. 

1.2 Characteristic. A characteristic is an inherent and measurable prop-
erty of a device. Such a property may be electrical, mechanical, ther-
mal, 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. 

1.3 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. 

1.4 Rating. A value which establishes either a limiting capability or a 
limiting condition for an electronic device. It is determined for spec-
ified values of environment and operation, and may be stated in any 
suitable terms. 
Note: Limiting conditions may be either maxima or minima. 

1.5 Rating system. The set of principles upon which ratings are estab-
lished and which determine their interpretation. 
Note: The rating system indicates the division of responsibility be-

tween the device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not exceed the 
ratings. 

2. ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and. environ-
mental conditions applicable to any electronic device of a specified type 
as defined by its published data, which should not be exceeded 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 vari-
ations, environmental variations, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under con-
sideration and of all other electronic devices in the equipment. 

p.t.o. 
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RATING SYSTEMS 

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

3. DESIGN MAXIMUM RATING SYSTEM 

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

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the efiectsof changes 
in operating conditions due to variations in the characteristicsof the elec-
tronic device under consideration. 

The equipment manufacturer should design so that, initially and through-
outlife, 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,vari-
ation in characteristics of all other devices in the equipment, equipment 
control adjustment, load variation, signal variation and environmental 
conditions. 

4. 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 exceeded under normal 
conditions. 

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

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

NOTE 

It is common use to apply the Absolute Maximum System in semiconductor 
published data. 

t 
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LETTER SYMBOLS 

LETTER SYMBOLS FOR SEMICONDUCTOR DEVICES 
.excluding rectifier diodes, thyristors and 

integrated circuits 
This system is based on the Recommendations of the INTERNATIONAL ELEC-
TROTECHNICAL COMMISSION as published in I.E.C. Publication 148. 

QUANTITY SYMBOLS 

1. Instantaneous values of current, voltage and power, which vary with time are 
represented by the appropriate lower case letter. 

Examples: i, v, p 

2 Maximum (peak), average, d.c. and root -mean-square values are repre-
sented by the appropriate upper case letter. 

Examples: I, V, P 

SUBSCRIPTS FOR QUANTITY SYMBOLS 

1 . Total values are indicated by upper case subscripts. 

Examples: IC, ICM,IC(AVy 1C' VEB 

2. Values of varying components are indicated by lower case subscripts. 

Examples: ic, Ic> ° eb' Veb 

3. To distinguish between maximum (peak), average, d.c. and root -mean-square 
values, the following subscripts are added: 

For maximum (peak) values M or m 

For average values :(AV)or(av) (only if it is necessary to distin-

guish between d.c. and average) 

For d.c. values no additional subscript 

For root -mean-square values : (RMS) or (rms) 

Examples: IC, Icm,IC(AV)' Ic(rms)' IC(RMS) 

1 May 1970 



LETTER SYMBOLS 

4. List of subscripts (examples, see figure 1) 

A, a =Anode terminal 
K, k =Cathode terminal 
E, e = Emitter terminal 
B, b =Base terminal or Substrate for MOS devices 
C, c = Collector terminal 

D, d =Drain terminal 

(BR) =Break-down 

X, x =Specified circuit 

M, m = Maximum (peak) value 
(AV), (av) =Average value 
(RMS),(rms) =R.M.S. value 
F,f =Forward 

G, g =Gate terminal 

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

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

S, s =j As second subscript: Non-repetitive (not for FETS) 

As third subscript :Short circuit between the terminal not men-

tioned and the reference terminal 

Z, z Zener. (Replaces R to indicate the actual zener voltage, current 

or power of voltage reference or voltage regulator diodes) 

S. Examples of the application of the rules: 
Figure 1 represents a transistor collector current, consisting of a direct current 

and a signal, as a function of time. 

cottector 
current 

I 
lc(nns) 

Fig.l 

IC(AV) 

7203607.1 

- time 

~~ 
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~ LETTER SYMBOLS 

i 
CONVENTIONS FOR SUBSCRIPT SEQUENCE 

1. Currents 

For transistors the first subscript indicates the terminal carrying the cur-
rent (conventional current flow from the external circuit 
into the terminal is positive) 

For diodes a forward current (conventional current flow into the anode 
terminal) is represented by the subscript F or f; a reverse 
current (conventional current flow out of the anode terminal) 
is represented by the subscript R or r. 

2. Voltages 

For transistors normally, two subscripts are used to indicate the points be-
tween which the voltage is measured. The first subscript 
indicates one terminal point and the second the reference 
terminal . 
Where there is no possibility of confusion, the second sub-
script may be omitted. 

For diodes a forward voltage (anode positive with respect to cathode) is 
represented by the subscript F or f and a reverse voltage 

(anode negative with respect to cathode) by the subscript R 
or r. 

3. Supply voltages 

Supply voltages may be indicated by repeating the terminal subscript. 

Examples: 
VEE' VCC' VBB 

The reference terminal may then be indicated by a third subscript. 

Examples: 
VEEB' VCCB' VBBC 

4. In devices having more than one terminal of the same type, the terminal sub-
scripts are modified by adding a number following the subscript and on the 
same line. 

Example: V
B2 E 

voltage between second base 
and emitter 

In multiple unit devices, the terminal subscripts are modified by a number 
preceding the terminal subscripts: 

Example: V
1B 2B 

voltage between the base of the first 
unit and that of the second one. 

3 March 1469 



LETTER SYMBOLS 

ELECTRICAL PARAMETER SYMBOLS 

1. The values of four pole matrix parameters or other resistances, impedances 
admittances, etc... inherent in the device, are represented by the lower case 
symbol with the appropriate subscripts. 

Examples: hib' Zfb' yoc' hFE 

2. The four pole matrix parameters of external circuits and of circuits in which 
the device forms only a part are represented by the upper case symbols with 
the appropriate subscripts. 

Examples: Hl, Zo, HF, YR

SUBSCRIPTS FOR PARAMETER SYMBOLS 

1 
:( 

i 

a 

1. The static values of parameters are indicated by upper case subscripts. 

Examples: 
hIB' hFE 

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 electrical quantities at the operating point. 

2. The small -signal values of parameters are indicated by lower case subscripts. 

Examples: hib' Zob 

3. The first subscript, in matrix notation identifies the element of the four pole 
matrix. 

i (for 11) input 
o (for 22) output 
f (for 21) forward transfer 
r (for 12) reverse transfer 

Examples: Vl = h. I +h V 
I2 = hfIl+ho V2 

Notes 1) The voltage and current symbols in matrix notation are indicated by a 
single digit subscript. 
The subscript 1 =input; the subscript 2 =output 

2) The voltages and currents in these equations may be complex quanti-
ties . 

March 1969 4 



LETTER SYMBOLS 

4. The second subscript identifies the circuit configuration. 

e = common emitter 
b = common base 

c = common collector 
j = common terminal, general 

Examples: (common base) 

Il - yib Vlb + yrb V2b 

I2 - yfb Vlb +yob V2b 

When the common terminal is understood, the second subscript may be omit-
ted. 

5. If it is necessary to distinguish between real and imaginary parts of the four 
pole parameters, the following notations may be used. 

Re(hib) etc.. for the real part 

Im(hib) etc.. for the imaginary part 

5 March 1969 



LETTER SYMBOLS 

LIST OF LETTER SYMBOLS IN ALPHABETICAL ORDER 

Letter symbol Definition 

B 

bib, b1e, bis, bg~, 

bfe~ bfs~ bobs boe• 

boss brb> bre' brs 

Cc

Cd 

Ce

Cib, C1e, Cis, C~ 

Cfe~ Cfs, Cob• Coe 

Cosy Crb, Cre~ Crs 

d 

F 

f 

fhfb~ fhfe~ fyfe 

fT 

gie~ gibs 

Gp

GS 

Gtr 

GU M 

Gv

8'oe ~ 8'ob 

1) 

Bandwidth 

See y parameters 

Collector capacitance 
(emitter open-circuited to a. c. and d. c. ) 

Diode capacitance 

Emitter capacitance 
(collector open-circuited to a. c. and d. c.) 

See y parameters 

Distortion 

Noise figure 

Frequency 

Cut-off frequency 
(frequency at which the parameter indicated by the 
subscript is 0.7 of its low frequency value) 

Transition frequency (Gain-bandwidth product) 

See y parameters 

Power gain 

Source conductance 

Transducer gain 

Maximum unilateralised power gain 

Voltage gain 

t) As an exception to the general rule for electrical parameters capacitances are 
represented by the upper-case letter. 

~7arch 1969 
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LETTER SYMBOLS 

Letter symbol Definition 

hFB~ hFC, hFE 

ham, hfc~ hfe 

hlB, hIC~ hIE 

ham, hic~ hie 

hOB, hpC~ hOE 

hob ~ hoc ~ hoe 

hRg , hRC~ hRE 

hrb, hrc~ hre 

IB' IC, ID, lE• 1G> 1S 

Ib, Ic, Id, Ie, Ig, Is

iB, iC, iD, iE, iG, iS 

ib' 1C+ ld+ lei lg~ 1S 

IB(A~, IC(A~. IE(A~ 

IBEX ICEX 

IBM ICM, IEM 

Ibm~ Icm~ Iem 

ICBO 

ICED 

ICBS or ICES 

D.C. current gain (static value of the forward cur-
rent transfer ratio; output voltage held constant) 

Small-signalcurrentgain (small-signal value of the 
forward current transfer ratio; output short-cir-
cuited to a. c. ) 

Static value of the input resistance 
(output voltage held constant) 

Small -signal value of the input impedance 
(output short-circuited to a.c.) 

Static value of the output conductance 
(input current held constant) 

Small -signal value of the output admittance 
(input open-circuited to a.c. ) 

Static value of the reverse voltage transfer ratio 
(input current held constant) 

Small-signal value of the reverse voltage transfer 
ratio (input open-circuited to a. c. ) 

Total d. c. (or average) current 

Varying component of the current 

Instantaneous total value of the current 

Instantaneous value of the varying component of the 
current 

Total average current (to distinguish between av-
erage and d. c. if necessary) 

Total base, respectively collector current under 
specified conditions. These symbols are commonly 
used in case of a reverse biased emitter junction 

Maximum (peak) value of the total current 

Maximum (peak) value of the varying component of 
the current 

Collector cut-off current (open emitter) 

Collector cut-off current (open base) 

Collector cut-off current (emitter short-circuited 
to base ) 
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LETTER SYMBOLS 

Letter symbol Definition 

IDSS Drain current 
(source short-circuited to gate) 

IEgp Emitter cut-off current (open collector) ~ 

P IF

ig 

Total forward current of a diode (d. c. or average) 

Instantaneous total value of the forward current of 
a diode 

t 

IF(AV) Total average forward current of adiode (to distin-
guish between average and d. c. if necessary) 

IgM Peak forward current of a diode 
M 

IGSS Gate cut-off current 

a 
(source short-circuited to drain) 

!~ 
Ii, Io Input, respectively output current of a specified cir-

cuit 

IR 

iR 

Total reverse (cut-off) current of a diode 

Instantaneous total value of the reverse current of 
a diode 

IRRM Repetitive peak reverse current of a diode 
r 

IRSM Non-repetitive peak reverse current of a diode 

ISDS Source cut-off current 

(drain short-circuited to gate) 

f 
IZ Zener current (d. c. or average) 

IZM Peak zener current 

IZS Non-repetitive zener current 

Pi, Po Input, respectively output power of a specified cir-
cuit 

Ptot Total power dissipation in the device 

PZ Zener power dissipation 

PZM Peak zener power dissipation 

' PZSM Non- repetitive peak zener power dissipation 

Qs Reverse recovery charge 
,•, 
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LETTER SYMBOLS 

Letter symbol Definition 

rD 

rDS 

rGS 

RL 

RS 

Rth 

Rth j-a 

Rth j-mb 

Rth j-c 

Rth mb -h 

rz

Sz

Tamb 

Tcase 

td ; tf 

tf r

Tj 

toff 

ton 

tr

trr 

is

Tstg 

VB& VCC~ VEE 

VBE~ VCB~ VCE~ VEB 

Vbe~ Vcb~ Vi ce~ Veb 

vBE ~ vCB ~ vCE ~ vEB 

vbe~ vcb, vice~ veb 

Diode (internal)series resistance 

Drain-source resistance 

Gate-source resistance 

Load resistance 

Source resistance 

Thermal resistance 

Thermal resistance from junction to ambient 

Thermal resistance from junction to mounting base 

Thermal resistance from junction to case 

Thermal resistance frommountingbase toheatsink 
(contact thermal resistance) 

Dynamic -slope resistance of a zener diode 

Temperature coefficient of the operating voltage of 
a zener diode 

Ambient temperature 

Case temperature 

Delay time; fall time 

Forward recovery time of a diode 

Junction temperature 

Turn-off time (toff = is+tf) 

Turn-on time (ton = td + tr ) 

Rise time 

Reverse recovery time of a diode 

Storage time 

Storage temperature 

Supply voltage 

Total value of the voltage (d. c. or average) 

Varying component of the voltage 

Instantaneous value of the total voltage 

Instantaneous value of the varying component of the 
voltage 
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LETTER SYMBOLS 

Letter symbols Definition 

VBEfl 

VBE sat 

V(BR) 

~'(BR)CBO~ V(BRX;EO~ 
V(BR)EBO 

V(BRX;ER 

V(BRX;ES 

VCBO~ VCEO~ VDGO> 
VEBO~ VGSO 

VCBOM~ VCEOM 

VCEK 

VCER 

VCERM 

VCES 

VCEsat 

VCE. sust 

VCEX 

VDSS 

V EBfl 

VF 

VFM 

Base-emitter floating voltage (open base) 

Saturation voltage at specified bottoming conditions 

Breakdown voltage 

Breakdown voltage between the terminal indicated 
by the first subscript and the reference terminal 
(second subscript) when the third terminal is open 
circuited 

Collector-emitter breakdown voltage with a speci-
fied resistance between emitter and base 

Collector-emitter breakdown voltage with the emit-
ter short circuited to the base 

Voltage of the terminal indicated by the first sub-
script w. r. t. the reference terminal (second sub-
script)with the third terminal open circuited 

Peak value of VCBO~ VCEO 

Knee voltage at specified conditions 

Collector-emitter voltage with a specified resis-
tance between emitter and base 

Peak value of VCER 

Collector-emitter voltage with the emitter short 
circuited to the base 

Saturation voltage at specified bottoming conditions 

Collector-emitter sustainingvoltage under the con-
dition, indicated by the third subscript 

Collector-emitter voltage in a specified circuit. 
This symbol is commonly used to indicate a re-
verse biased emitter junction 

Drain-source voltage with the source short-cir-
cuited to the gate 

Emitter-base floating voltage (open emitter) 

Continuous forward voltage of a diode 

Peak forward voltage of a diode 
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LETTER SYMBOLS 

Letter symbol Definition 

Vi, Vo

V (P ~S 

VR 

VRM 

URSM 

VZ 

Yib~ Yie~ Yis 

bibs bie, bis 

gibs gie~ gis 

Cib~ Cie Cis 

'Pib~ 'Pies 'Pis 

Yfb~ Yfe~ Yfs 

b}y, bfe~ bfs 

gfb~ gfe~ gfs 

Cam, Cfe~ Cfs 

'Pfb~ 'Pfe~ 'Pfs 

Yobs Yoe Yos 

bob> boe• bos 

gob' goe• gos 

Cobs Coen Cos 

'Pob • 'Poe ~ 'Pos 

Yrb~ Yre~ Yrs 

brb~ bre~ brs 

grb> grey grs 

Crb~ Cre~ Crs 

'?rb~ ~Pre~ 'Prs 

Z th 

Input, respectively output voltage of a specified cir-

cuit 

Gate -source cut-off voltage 

Continuous reverse voltage of a diode 

Peak reverse voltage of a diode 

Non-repetirivepeak reverse voltage of a diode 

Operating voltage (zener voltage) of a zener diode 

Input admittance 

Input conductance 

Input capacitance 

Phase angle of 
input admittance 

Transfer admittance 

Transfer conductance 

Transfer capacitance 

Phase angle of 
transfer admittance 

Output admittance 

Output conductance 

Output capacitance 

Phase angle of 

output admittance 

Feedback admittance 

Feedback conductance 

Feedback capacitance 

Phase angle of 

feedback admittance 

Transient thermal impedance 

Output short circuited 

to a.c. 

Output short circuited 

to a. c. 

Input short circuited 

to a. c. 

Input short circuited 
to a. c. 
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SOLDERING 
RECOMMENDATIONS 

I 

p
~ 

I 

v 

r 

1
~ 

d 

F 

RULES FOR SOLDERING LEADS OF PLASTIC `"I'-PACK" ENVELOPE 

Transistors in T-pack envelope may be mounted with leads flat (Fig. 1) or bent 
(Fig. 2). Different soldering procedures apply for the different styles of mounting. 

Flat-lead mounting 

T pack 
~piint~~ ~p~int 

7Z59~90.1 

Fig. 1. Flat-lead mounting 

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 
one, not to the opposite one. 

Solder temperature, maximum: 

Solder time, maximum: 

Solder-to-case distance, minimum: 

Bent-lead mounting 

T-pack 

print 
)l SB>9~ 

Fig. 2. Bent-lead mounting 

300 ° C' 
5s 
2mm 

If leads are bent, all three may he 
soldered simultaneously if desired. 

Solder temperature, maximum: 300 ° C 
Soldering time, maximum: 10 s 

June 1971 



SOLDERING 
RECOMMENDATIONS 

RULES FUR MOUNTING QUARTER-INCH CAPSTAN HEADERS 

AS USED FOR R-F POWER TRANSISTORS 

A 5 mm thick brass nut is supplied with each transistor for securing it to a heat-
sink. To ensure optimum heat transferand avoid damage to the threaded stud of the 
transistor the following recommendations should be observed: 

- Diameter of mounting hole in heatsink: 4. 1 mm (+0. O5, -0. 00) 

- Heatsink to be at least 3 mm thick. 
Attachment to a thinner heatsink may damage the mounting stud. 

- Heatsink surfaces at the mounting hole to be flat, parallel, and free of burrs or 
oxidation. 

- Mounting nut torque: 8.0 kg cm (+0. 5, -0.0) 
If security against vibration is required, use a locking compound such as Lock-tite. 
Do not use washers; they impair the heat transfer. 

- Recommend distance from the top surface of heatsink to surface of printed wiring 
board: 2.9 mm (+0.0, -0.2) 
Tension in the transistor leads sets the limit on spacing between heatsink and 
printed wiring board; in general, the leads can withstand more pull in the down-
ward than in the upward direction. 

- Solder the leads to the connection pads with resin-coredlead-tin solder, using an 
iron of normal temperature. Soldering iron temperatures as high as 350 °C are 
safely tolerable; the transistor can withstand an interior temperature of 250 °C 
for about ten minutes. 
The leads may be tinned, if required, by dipping them into a solder bath at about 
230 ° C; each lead may be dipped up to its full length. A flux of the quality of 
Super-Safe is recommended; after tinning, surplus flux should be rinsed away in 
tap water. 
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AF114 to 117 

GERMANIUM ALLOY DIFFUSED TRANSISTORS 

P-N-P transistors in TO-7 metal envelopes with the shield lead connected to the 

case. 

RATING (Limiting value according to the Absolute Maximum System as defined in 
IEC publication 134). 

Total power dissipation up to Tamb - 45 oC Ptot max. 75 mW 

THERMAL RESISTANCE 

From junction to ambient in free air Rth i -a = 0.6 ° C/mW 

MECHANICAL DATA Dimensions in mm 

TO-7 

0 
E 
(D 
tri 

o` 
E 
m 

38.E min 

~)=shield lead (connected to case) 
Hawes 

THE AF114 TO 117 HAVE BEEN SUPERSEDED BY THE AF124 TO 127 (SAME 
CRYSTAL IN TO-72 ENVELOPE). FOR DATA AND CURVES REFER TO THE 
LATTER. 
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MAINTENANCE TYPE aF~~a 

f 

i 

i 

ALLOY-DIFFUSED GERMANIUM TRANSISTOR 

P-N-P transistor in a TO-7 metal envelope with a shield lead connected to the case. 
The transistor is intended for medium power, high voltage and high frequency ap-
plications 

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

Collector -base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage RB/RE ~ 0.1 
Collector current (d.c.) 
Base current 
Reverse base current 
Total power dissipation up to Tamb = 45 °C 

with cooling fin 56207 
Storage temperature 
Junction temperature: continuous 

incidentally 

THERMAL RESISTANCE 
From junction to ambient in free air 
From jwiction to ambient with cooling fin 

MECHANICAL DATA 

TO-7 C 

-VCBO max. 70 V 

-VCEO max. 20 V 

-VCEX max. 70 V 

-IC max. 30 mA 

-IB max. 3 mA 

IB max. 1 mA 

Ptot max. 375 mW 
Tstg - 55 to +75 °C 
T~ max. 75 ° C 
Tj max. 90 °C 

Rth j -a 0.25 ° C/mW 

Rth j -a 0.12 oC/mW 

0 
E 
(D 

Dimensions in mm 
0 
E 
m 

O 

9.5 mnx 
~ ►~ 

~)=shield lead (connected to case) 

Accessory available: 56207 

381 min 
nooses' 

FOR NEW DESIGN THE SUCCESSOR TYPES BF336 to 338 
(N-P-N) ARE RECOMMENDED 
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AF118 

~~ 

CI-IARACTERISTICS 

Collector cut-off current 

IE = 0; -VCg = 70 V 

IE = 0; -VCB = 70 V; T~ = 90 ° C 

Base current 

-IC = ZO mA; -VCE = 2 V 

Base-emitter voltage 

-IC = 10 mA; -VCE = 2 V 

Knee voltage 

-IC = 30 mA; -IB =value for which 

-IC = 40 mA at -VCE = 6 V 

- ~c 
(m.41 
40 

30 

20 

10 

t8 

— ~CEH 

Feedback capacitance at f = 10.7 MHz 

-IC = 10 mA; -VCE = 6 V 

Frequency at whichlhfe l = 1 

I E =10mA; -VCB =6V 

Feedback impedance at f = 2 MHz 

IE = 10 mA; -VCB = 6 V 

Transfer admittance  at f = 10.7 MHz 

-IC = 10 mA; -VCE = 6 V 

Tam 25 ° C unless otherwise specified 

-ICBO < 60 µA 

-ICBO < 1.6 mA 

_IB <YP• 55 µA 
275 µA 

-VBE < 375 mV 

tYP• 3.5 V 

~VCEK < 5 V 

'zoeois B-~cE(VJ 

typ. 1.8 pF 
-Cre < 2.3 pF 

fl

zrbl 

> 
typ. 

typ. 

125 
175 

30 

MHz 
MHz 

S2 

> 100 mA/V 
yfe typ. 130 mA/V 
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MAINTENANCE TYPE 

R.F. GERMANIUM ALIOY-DIFFUSED TRANSISTOR 

P -N-P transistor in ametal envelope with insulated leads and a shield lead con-
nected to the case. It is intended for applica*ion at frequencies up to 100 MHz. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) 

Collector -emitter voltage 
Rg/ RE < 100; Rg > 200 S2 

-VCgp 

- VCER 

max. 

max. 

25 

25 

V 

V 

Collector current (peak value) - ICM max. 15 mA 

Total power dissipation up to Tam = 45 ° C Ptot max. 140 mW 

Junction temperature, incidentally 

Feedback capacitance at f = 0.45 MHz 
-IC = 1 mA; -VCE = 10 V 

Transition frequency 
-IC = 3 mA; -VCg = 10 V 

Transfer admittance at f = 35 MHz 
-IC = 3 mA; -V CE = 10 V 

TJ

-CTe

fT

lyfel 

max. 

typ. 

typ. 

typ. 

90 

450 

270 

80 

oC 

fF 

MHz 

mA/V 

MECHANICAL DATA 

.~1 ̀
~°,~ 450

!) ~ i 
\~~i, 

\ \~~ i 
1 
c 2.54 

Dimensions in mm 

E 
a) 

O~ 

 i~ 

9 maz 

~)=shield lead (connected to case) 

Accessories available: 56246, 56263 

12 7 min 
)ZOBtt3 ~ 
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AF121 

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

Voltages 

Collector-base voltage (open emitter) -VCBO max. 25 V 

Collector-emitter voltage 
Rg/ RE < 100; RE > 200 S2 

Currents 

Collector current (d.c. ) 

Collector current (peak value) 

Reverse emitter current 

Power dissipation 

Total power dissipation up to Tam = 45 ° C 
with cooling clip 56263 

- VCER 

-IC

-1CM 

- IE 

Ptot 

max. 25 V 

max. 10 mA 

max. 15 mA 

max. 1 mA 

max. 140 mW 

Temperatures 

Storage temperature Tstg -55 to +75 ° C 

Junction temperature: continuous Tj max. 75 ° C 

incidentally Tj max. 90 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.45 °C/mW 

From junction to case Rth j_c = 0.22 °C/mW 

From junction to ambient with cooling 
clip 56263 Rth "j -a = 0.32 ° C/mW 

1 
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AF121 

f 
t 

i
t
I 

1) 1 fF = 1 femtofarad = 10-15 F 

CHARACTERISTICS 

Collector cut-off current 

Tam = 25 oC unless otherwise specified 

typ. 1.2 µA 
IE = 0; -V CB = 10 V - ICBO < 8 µA 

IE =O; -VCg=lOV;Tj=75 ° C - ICBO < 150 µA 

Base current 

-IB 
typ. 
< 

40 
100 

µA 
µA 

-IC = 3 mA; -VCE = 10 V 

Base -emitter voltage 

-VBE 
typ. 320 

280 to 380 
mV 
mV 

-IC = 3 mA; -VCE= 10 V 

Feedback capacitance at f = 0.45 MHz 

- Cre 
typ. 450 

250 to 650 

fF 1) 

fF 1) 
-IC = 1 mA; -VCE = 10 V 

Transition frequency 

f-r typ. 270 MHz -IC = 3 mA; -VCE = 10 V 

Noise figure at f = 100 MHz 2) 

IE = 2 mA; -VCB = 5 V F 
typ. 
< 

4.5 
6 

dB 
dB 

y parameters at f = 0.45 MHz (common emitter) 3) 

-IC = 2 mA; -VCE = 5 V 

Input conductance gie tYP• 0.8 mA/V 

Input capacitance C1e typ. 45 pF 

Feedback admittance IYrel tYP• 1. 7 µA/V 

Phase angle of feedback admittance ire tYP• 270° 

Transfer admittance IYfe I tYP• 73 mA/V 

Phase angle of transfer admittance SOfe t1'P 0 

Output conductance goe tYP• 0.8 µA/V 

Output capacitance Coe tYP• 2.7 pF 

)`- 2 ) To obtain minimum noise figure the terminating admittance at the input of the 
:~ transistor shall be YS = (11-6j) mA/V 

3) Length of leads between bottom of transistor and measuring jig is 5 mm 
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AF121 

CHARACTERISTICS (continued) 

y parameters at f = 5.5 MHz (common emitter.) 1) 

-IC = 2 mA; -VCg = 5 V 

Tam = 25 °C 

Input conductance gie typ. 1.0 mA/V 

Input capacitance Cie typ. 45 pF 

Feedback admittance ~Yre~ typ. 21 µA/V 

Phase angle of feedback admittance ~Qre typ. 270° 

Transfer admittance I Yfe typ. 71 mA/V 

Phase angle of transfer admittance ~fe typ. 350° 

Output conductance goe typ. 5 µA/V 

Output capacitance Coe typ. 2.6 pF 

y parameters at f = 10.7 MHz (common emitter) 1) 

-IC = 2 mA; -VCg = 5 V 

Input conductance gie typ. 1.3 mA/V 

Input capacitance Cie typ. 45 pF 

Feedback admittance IYrel typ. 40 µA/V 

Phase angle of feedback admittance ~re typ. 270° 

Transfer admittance ~Yfe~ typ. 70 mA/V 

Phase angle of transfer admittance ~fe typ. 347°

Output conductance goe typ. 13 µA/V 

Output capacitance Coe typ. 2.5 pF 

y parameters at f = 35 MHz (common emitter) 1) 

-IC = 3 mA; -VCE = 10 V 

Input conductance gie typ. 6.5 mA/V 

Input capacitance Cie typ. 35 pF 

Feedback admittance I Yre~ typ. 100 µA/V 

Phase angle of feedback admittance ~Qre typ. 260° 

Transfer admittance ~Yfe~ typ. 80 mA/V 

Phase angle of transfer admittance ~fe typ. 322° 

Output conductance goe typ. 100 µA/V 

Output capacitance Coe typ. 1.8 pF 

1) Length of leads between bottom of transistor and measuring jig is 5 mm. 
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AF121 

t 

t 
F 

CHARACTERISTICS (continued) 

y parameters at f= 100 MHz (common base) 1) 

IE = 2 mA; -VCg = 5 V 

Input conductance gam, 

Input capacitance -C~ 

Feedback admittance Iyrbl 

Phase angle of feedback admittance ~Qrb 

Transfer admittance Iy~I 

Phase angle of transfer admittance CPfb 

Output conductance gob 

Output capacitance Cob 

Transducer gain 

_ output power in load RL 
Gtr available power from source RS 

IE =2mA; -VCg=SV;f=100 MHz 

Basic circuit for measuring the transducer gain 

1nF AF121 1nF 

Gtr 

Tam = 25 °C 

typ. 32 mA/V 

typ. 35 pF 

typ. 320 µA/V 

typ. 240° 

typ. 34 mA/V 

typ. 110° 

typ. 250 µA%V 

typ. 1.6 pF 

> 17 dB 
typ. 19 d8 

The resistor R is choosen such that the total load, consistingof R and the tuned 
circuit in parallel, Rl, = 3.3 kS2 

L is a ferrite wide -band choke 

1) Length of leads between bottom of transistor and measuring jig is 5 mm. 
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AF124 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-Ptransistor in a TO-72 metal envelope with a shieldlead connected to the case. 
It has low noise and high power gain up to frequencies of 100 MHz and is intended 
for use as r.f. amplifier in f.m. receivers. 

RATINGS (Limiting values) 1) 

Collector-base voltage (open emitter) 

Collector-emitter voltage (ZB/ZE < 15) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Base current (d.c.) 

Reverse emitter current 

Total power dissipation up to Tam = 45 °C 

Storage temperature 

Junction temperature: continuous 

incidentally 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

MECHANICAL DATA 

TO-72 

0 
E 
aD 

-VCBO 

-VCER 

-VCEO 

-IC

~ 1B~ 

-IE

Ptot 

Tstg 
Tj

Tj

max. 32 V 

max. 32 V 

max. 15 V 

max. 10 mA 

max. 1 mA 

max. 1 mA 

max • 60 mW 

-55 to +75 ° C 

max. 75 °C 

max. 90 ° C 

Rth j -a = 0.75 ° C/mW 

Rth j -c - 0.4 ° C/mW 

Dimensions in mm 

a 
E 

O 

 ~~ 

5.3 max 12.7 min 

vzoe,,, 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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~►F124 

CHARACTERISTICS Tam = 25 °C unless otherwise specified 

Collector cut-off current 
typ . 1.2 µA 

IE = 0: -VCB = 6 V -ICBO < g µA 

I = 0; -V 6 V; T• - 75 ° C I 
typ. 90 µA 

E CB = ) - - CBO < 180 µA 

Base current 

IE = 1 mA; -VCB = 6 V _IB <P • 7 µA 
25 µA 

Base-emitter voltage 

-IC = 1 mA; -VCE = 6 V _VBE tYP• 270 mV 
210 to 330 mV 

Small signal current gain at f = 1 kHz 

-IC = 1 mA; -VCE = 6 V hfe typ. 150 

Feedback capacitance at f = 450 kHz 

-IC = 1 mA; -VCE = 6 V -CTe typ. 1.5 pF 

y parameters at f = 100 MHz (common base) 

IE =1mA; -VCB=6V I) 

Input conductance 
Input capacitance 
Feedback admittance 
Phase angle of feedback admittance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output capacitance 

Feedback impedance at f = 2 MHz 

IE =1mA;-VCB =6V 

gib 
- Cib 
I Yrb ~ 
'P rb 
Yfb ~ 

~Pfb 
gob 
Cob 

typ . 15 mS2 - I 

typ. 5 pF 
typ. 0.45 m52 -I 

typ. 250° 
_1 

typ. 16 mS2 
typ. 95° 

-1 
typ. 0.3 mS2 
typ. 2.5 pF 

I zrb I typ 

I) Length of leads between transistor bottom and measuring jig: 5 mm 

20 S2 

 I 
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AF124 

CHARACTERISTICS (continued) 

Transition frequency 

Ig=1mA; -VCB =6V 

Noise figure at f = 100 MHz 

IE =1mA; -VCB =6V;RS =6052 

Power gain at f = 100 MHz 

G = Vo2 . 4 RS = 0.073 
oV l 

Rp Vi2 P 
V12 

Test circuit 
R5=6011 1000 pF 

Q16 µH 
Vi. Wk1L 

a1
~r 

I 

T 1000pF 

Tam = 25 ° C unless otherwise specified 

0.1611H 

fT

F 

1000LLp_F~ 
 ~1~ 

a10
~r 

1000pF T 

typ. 75 MHz 

typ. 8 dB 
< 9.5 dB 

> 12.5 dB 
typ. 14 dB 

R Vp 

~ 6V 
 Q+_ 
j 10.3V 

nosnrs O + 

R is chosen such that the total load impedance RI consisting of R and the tuned 
circuit in parallel is 3.3 kS2. 

L =ferrite bead 
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AF124 

APPLICATION INFORMATION 

Front-end unit of a f.m. tuner 

.son AF124 

~L2 33 pF 

1 
s 

r}
J)

II 3 3pF 

1 ?L3~IT5~ ~ ~ 

p=Ito 6pF 

ar 
AF125 

1 , ~ 
6BpF (.L6 H 

I l 

~T 
I  J 

l  ~1 e1 ~1 
Ls S ~ ar ,fir 

 ~-- ~ — --J 

1 ° 

o 
szaopF ~.. 6V 

~ o+ 

The oscillator voltage at the emitter of the AF 125 should be adjusted to 80 mV by 
means of C1 at a battery voltage VS = 4 V 

Ll = 4.5 turns enamelled Cu wire (0.3 mm), wound between L2 . 
L2 = 4 turns enamelled Cuwire (1 mm), winding pitch 2 mm, inductance 0.18 µH, 

unloaded Q-factor 60 to 80. 
L3 = 3.25 turns silvered Cu wire (1 mm), winding pitch 2 mm, inductance 0.086 µH, 

unloaded Q-factor 200. 

L4 = 6 turns enamelled Cu wire (0.5 mm), closely wound, inductance 0.65 µH. 
L5 = 2.5 turns silvered Cu wire (1 mm), winding pitch 2 mm, inductance 0.062 µH, 

unloaded Q-factor > 200; tap at 1.125 turns from earth. 
L6 = 18 turns enamelled Cu wire (36 x 0.03), soldering graded, stranded, open 

covered, closely wound; inductance 2.9µH; unloaded Q-factor 120; load-

ed Q-factor with 25 kSt : 60. 

Frequency range f 87 to 101 MHz 

Collector current AF124 —IC 1.4 mA 

AF 125 —IC 1.5 mA 

Total power gain Gp ~ 24 'dB 
typ. 28 dB 

typ. 8 dB 
Noise figure F < 9.5 dB 

Oscillator voltage at aerial terminals 

Image rejection 

typ. 1.5 mV 

typ. 27 dB 

The shift of the oscillator frequency as a function of the battery voltage is about 
50 kHz from 6 to 5 V and about 100 kHz from 5 to 4 V . 
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~zoeooa~ 
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impedonce between hose and emitter ond -IC=1mA 
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AF125 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-P transistorin a TO-72 metal envelopewith a shield lead connected to the case. 
It has a high conversion gain up to frequencies of 100 MHz and is intended for use 
as r.f. amplifiers and mixer-oscillator in short-wave receivers up to 27 MHz. 

RATINGS (Limiting values) 1) 

Collector-base voltage (open emitter) 

Collector -emitter voltage (ZB/ZE <15) 

Collector-emitter voltage (open base) 

Collector current (d . c .) 

Base current (d.c.) 

Reverse emitter current 

Total power dissipation up to Tamb =45 °C 

Storage temperature 

Junction temperature: continuous 

incidentally 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

MECHANICAL DATA 

TO -72 116~~145° 

~~~~~ :J 

1) 
c 

-VCBO max. 32 V 

- VCER max. 32 V 

- VCEO max. 15 V 

-IC max . 10 mA 

I IB I max 1 mA 

-IE max. 1 mA 

Ptot max. 60 mW 

Tstg -55 to +75 oC 

Tj max. 75 oC 

Tj max. 90 °C 

Rth j -a = 0.75 °C/mW 

R th j -c = 0.4 °C/mW 

E 

d• 

Dimensions in mm 

E 
~I 

 1

5.3"'°x~ ~2.7min

1) =shield lead (connected to case) 

Accessories available: 56246, 56263 

poem 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 1~4. 
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CHARACTERISTICS 

Collector cut-off current 

Tamb = 25 0C unless otherwise specified 

typ. 1.2 µA 
Ig = 0; -VCB = 6 V - ICBO ~ 8 µA 

o Ig = 0; -VCB = 6 V; Tj = 75 C - ICBO 
tYP • 
c 

90 
180 

µA 
µA 

Base current 

Ig = 1 mA; -VCg = 6 V I - B 
typ. 
< 

7 
25 

µA 
µA 

Base -emitter voltage 

_VBE tyP• 270 
210 to 330 

mV 
mV 

-IC = 1 mA; -VCE = 6 V 

Small signal current gain at f = 1 kHz 

hfe typ. 150 -IC = 1 mA; -VCg = 6 V 

Feedback capacitance at f = 450 kHz 

-C re typ. 1.5 pF -IC = 1 tnA; -VCg = 6 V 

y parameters I) 

IE = 1 mA; -VCB = 6 V at f = 100 MHz 

Input conductance Sib typ. 15 mS2-1
Input capacitance - Cib typ. 5 pF 
Feedback admittance I Yrbl typ. 0.45 mS2- I 

Phase angle of feedback admittance `~P rb typ. 2500
Transfer admittance IYfbl typ. 15 mS2-1
Phase angle of transfer admittance '~P fb typ. 95° 
Output conductance gob typ. 0.35 mS2-1
Output capacitance Cob typ. 25 pF 

-IC = 1 mA; -VCg = 6 V f = 10.7 0.45 MHz 

Input conductance gie typ. 1.3 0.25 mSl- I 
Input capacitance Cie typ. 65 70 pF 
Feedback admittance I Yrel typ . 80 4 µs2-1

Phase angle of feedback admittance ~P re typ . 2600 270° 
Transfer admittance IYfel typ. 34 37 mS2-1
Phase angle of transfer admittance 'P fe typ. 3350 0 
Output conductance goe typ. 25 1.0 µS2-1

Output capacitance Coe typ. 3.0 4 pF 

I) Length of leads between transistor bottom and measuring jig: 5 mm. 
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CHAItACTERISTiCS (continued) 

Feedback impedance at f = 2 MHz 

Ig = :L mA; -VCB = 6 V 

Tamb = 25 oC unless otherwise specified 

zrb~ typ. 25 SZ 

Transition frequency 

Ig = 1 mA; -VCB = 6 V fT typ. 75 MHz 

Noise figure at Ig = 1 mA; -VCB = 6 V 

RS = 60 SZ; f = 100 MHz F typ. 9.5 dB 

Rg = 200 SZ; f = 10.7 MHz F typ. 3.0 dB 

typ. 1.5 dB 
RS = 500 S2; f = 1 MHz F ~ 3 dB 

Conversion noise figure at Ig = I mA; -VCg = 6 V 
typ . 3 dB 

RS = 500 S2; f = 1 MHz Fc < 5 dB 

typ. 4 dB 
RS = 2 kS2; f = 200 kHz Fc 

< 7 dB 

Power gain at f = I00 MHz 

Vol  4 RS Vol  > 10 dB 
Gp = V12 Rp 

- 0.073 ~ Gp 
typ. 13 dB 

Test circuit: 

O 

RS=6011 1000 pF 

~~ 

Q18 µH 

10k,(L 

' ~~ 

n1
~r 

~ 1000 pF 

0.18µH 

a 

1000pF 

100
1
0t~ pF 

 01~ 

R Vp 

6V 

j 10.3V 
 tzoonns O + 

R is chosen such that the total load impedance Rp consisting of R and the tuned 
circuit in parallel is 3.3 kS2. 

L =ferrite bead 
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APPLICATION INFORMATION 

1. Front-end unit of a f.m. tuner see AF124 

2. Self-oscillating mixer stage (15.1 to 26.1 MHz) 

3 to 25pF 13pF 

T 
23 0 173pF 

1500pF 

~, AF125

k,n,l 12k11 1.5k.t1 

1~1 
T

47nF 

12kL1 
l 

L 
3 to 25pF 

23 to 173pF 

1kd1. 
 o+ 
VS =9Y 
 o-

920936 

L1 = 5.5 turns enamelled Cu wire (0.25 mm), closely wound on coil former with 
diameter of 7 mm; inductance 0.59µH; unloaded Q -factor 100 at f = 15 MHz 
and 115 at f = 26 MHz . 

L2 = 1.25 turns enamelled Cu wire (0.25 mm), wound in L4 at earth side. 

L3 = 1 turn enamelled Cu wire (0.25 mm), wound in L4 at earth side. 
L4 = 6.5 turns enamelled Cu wire (0.9 mm), closely wound on coil former with 

diameter of 7 mm; inductance 0.46 µH; unloaded Q -factor 110 at f =15 MHz 

and f = 26 MHz 

L5 = Inductance 125 µH; unloaded Q -factor 140. 

Battery voltage 

Collector -emitter voltage 

Emitter current 

VS = 9 V 

—Vt;E = 6 V 

Ig = 1 mB 

f = 15 20 26 MHz 
Oscillator voltage between 

emitter and earth Vosc typ. 0.11 0.14 0.15 V 

Frequency shift by a battery 

voltage variation from 9 to 6 V Ofosc typ. 3 2 10 kHz 

Conversion gain, defined as the 
ratio between the i.f. power 
in a 10 kS2 load (the total i.f. 

impedance in the collector 

circuit) and the available r.f. 

power in the aerial circuit po 

Pi 
typ. 26 23 20 dB 
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7208003.1 
Maximum aiiowobie collector-emitter voltage (with 
impedance between base and emitter and —I~ =lmA 
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AF 126 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-P transistor in a TO-72 metal envelope with a shield lead connected to the case. 
It has low output conductance and low collector capacitance at 10.7 MHz and low 
noise and good a.g.c, performance for use as i.f. amplifier in a. m, and f.m. re-
ceivers and as amplifier and mixer-oscillator in short-wave receivers up to 16 MHz. 

a 
P 

RATINGS (Limiting. values) 1) 

Collector-base voltage (open emitter) 

Collector-emitter voltage (Zg/ZE < 15) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Base current (d.c.) 

Reverse emitter current 

Total power dissipation up to Tam  = 45 ° C 

Storage temperature 

Junction temperature :continuous 

incidentally 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

MECHANICAL DATA 

TO-72 ~,~j6~ .~ 45°~ b e 

~~~ ~~ 

m 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

—VCBO max. 32 V 

—VCER max. 32 V 

—VCEO max. 15 V 

—IC max. 10 mA 

IIB~ max. 1 mA 

—IE max. 1 mA 

Ptot max. 60 mW 

Tstg —55 to +75 ° C 

Tj max. 75 ° C 

Tj max. 90 ° C 

Rth j -a 0.75 ° C/mW 

R th j -c 
= 0.4 ° C/mW 

12.7 min 

rzoeon 

Dimensions in mm 

E 

O 

Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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CHARACTERISTICS 

Collector cut-off current 

Tam = 25 °C unless otherwise specified 

I E =O; -VCB =6V -ICBO 
typ. 1.2 
< g 

µA 
µA 

=0;-VCB =6V;Tj=75 ° C -ICBO 
typ . 90 
< 180 

µA 
µA 

Base current 

IE = 1mA; —VCB =6V -IB 
typ. 7 
< 25 

µA 
µA 

Base-emitter voltage 

-VBE 
typ. 270 
210 to 330 

mV 
mV 

-IC = 1 mA; -VCE = 6 V 

Small signal current gain at f = 1 kHz 

- -IC = 1 mA; -VCg = 6 V hfe typ. 150 

Feedback capacitance at f = 450 kHz 

- Cre typ. 1.5 pF -IC = 1 mA; -VCE = 6 V 

y parameters (common emitter) 

-IC = 1 mA; -VCE = 6 V I) 

f = 10.7 0.45 MHz 

Input conductance gie typ. 1.7 0.25 mS2 - I
Input capacitance Cie typ. 60 70 pF 
Feedback admittance 
Phase angle of feedback admittance 

}'red 
Pre 

typ. 

typ. 

100 

260° 

4.0 
270°

µS2 -I 
t 

s 
Transfer admittance ~ yfe ~ typ. 32 37 mSt -1 .~ 

Phase angle of transfer admittance ~Pfe typ. 335° 0 
Output conductance goe typ. 40 1.0 µS2 -I 

Output capacitance Coe typ. 3.5 4.0 pF 

Feedback impedance at f = 2 MHz 

IE = 1 mA; -VCB = 6 V I zrb I typ . 27 S2 

I) Length of leads between transistor bottom and measuring jig : 5 mm 
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CHARACTERISTICS (continued) 

Transition frequency 

I E =1mA; —VCB =6V 

Noise figure at IE = 1 mA; —VCB = 6 V 

RS = 60 S2; f = 10.7 MHz 

RS =500S2; f=1MHz 

Conversion noise figure 

IE =1mA;—VCB =6V 

RS = 500 S2; f = 1 MHz 

RS = 2 kS2; f = 200 kHz 

Power gain at f = 10.7 MHz 

G = Vo 2 4 RS = 0.1 Vol 
p Vi2 R1 Vi 2 

Test circuit: 

R5=120[1

Tam = 25 °C unless otherwise specified 

fT typ. 75 MHz 

F 
typ. 
< 

3.0 

4.5 
dB 

dB 

F 
typ. 
< 

1.5 
3.0 

dB 

dB 

Fc <yp 5 ~ 

typ. 4 dB 
Fc 

< 7 dB 

> 19 dB 

GP typ. 25 dB 

~' 

22kd1 

Vg=9V 
1.5k11 ~ 

a~ 
~~ 0 L1 

22ppF~25GpF 

~ 
a~ 
m~ 

~ 

~ 

1 

L2 

T 

~00i F 

SS kll 1T 1 T001pF .T- QO1NF 
T 

~zaau 

Total collector resistance Rl = 4.8 kS2 
L1 = 0.5µH; unloaded Q-factor 100 
L2 = 2.47 µH; unloaded Q-factor 100 
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APPLICATION INFORMATION 

I.F. amplifier for 10.7 MHz 

v;-4zyv 

from miur 

v; =04 my 

Emitter current of each transistor 

Coil data : 

to„t~ 

v; =aemv 

= 1.0 mA 

OA79 

~~ un ~l ml~ 

-~,,~,--~T ~ m IL14 T 

IFd), 

13 

ByF io 

'S=SY 

L6 = 1.4 µH; QO > 120; QL = 70 

L7 = 1.4µH; QO > 110; QL = 92 
Vo = 0.1 

Vsec 
kQL = 1.25 

L8 = L10 = 0.67 µH; QO > 110; QL = 92 

L9 = L11 = 1.4µH; QO > 110; QI, = 92 

kQL =1.25 ~- - 0.1 
Vsec 

L12= 1.2 µH;QO=90 
(bifilarly 

L 14 = 3.05 µH; QO = 90 
wound) 

kQL = 0.7 

Vtert = 0.45; 
Vt 

= 0.5 
Vpr Vsec 

1 

4 May 1968 



AF126 

0 
0 
0 

0 

■■■■ 111■■■■~ 
~■■■~~~~~iii■■~~i ■~~~~~ tiIn

■■~■ 

~ 1\.~■■ ~ i ■■ NI■■■■~ 
■■~ 111■■~■■~IIIIi~\ 

111■ 7~1 1■n ■■~III~c7■ ~~ 

::::: " ■■~111~■■■t\i~11■■ ■~ 
~~ ~~~~~~IC~ v~ ~~_~ ■■N~ ~~ O 

111 :~■ ~I:::■~~~~~i■ ~~~~~ 

1 
t 

May 1968 

i 

I
Q 

i 0 

u~

1



AF126 

~ 

-. 

~'' E 
a 

'~ 
E 

3 
~ 

U ~+ V 
J. -~ 

= oV

~~ ~N 
II II

gu 
tiV ~ O 

~U ~~ ~ .~ ~ 

O 

O ~ 

O 
~.

O 
O 

0 

1 

O 
O 

i 

i 

H 
m ~ 

ty
p
ic

~
fu

 
-U

C
E 

=
6
V

 
f=

0.
45

M
H

 
Ta
„~

 =2
5°

C
 

o ~' 
U 

~` Y _ 

\ 
~~` 

ry~ 

6 
Z 
~ 

4 

U 

n z 

~U ~ O .~ ~ 

go T~~ Y~ 

~~~~U
O 0 

O 0 

O 

E 
~U 

Y 

b May 1968 



AF126 

fi

N 

O 
0 

Ol

.d 

W 
O`f 

0 0 -• o..~ oa O 9,U ~' 

ro0 0 
N 
n 

i o», 
O ~ Q 

U 

May I963 

0 

Z 
~'' 

0 

0 

0 

U~ 

0 

I 

0 

O 

~U 



AF126 

loon 
,p (o~ 

C(pF) 

f00 

10 

1 

Q1 

ate

=~re 

Cie 

  oe 

O1 1 

l000 
l yfd 
gie  

(md1 1 

100  

10 

1 

Ql 
10 f(MHzJ 

100 
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A 
To,~y =25 C' 

'Z°°oa° l000 
   Iyrel 
 goe 

(µ(1 !) 

e) 

oe 

11'~el 

gie 

1 

Maximum allowoble collector-emitter voltage (with 
impedonce between base and emitter and —I~ =1mA 

30 

—~cEa 
(VJ 

ao 

to 

0 
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10 

1 

 Q1 
f0 

f(MHzJ 
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~zoeoos.~ 
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AF127 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-Ptransistor in a TO-72 metal envelope with a shieldlead connected to the case. 

It has a low collector capacitance, low noise and good a.g.c. performance and is 
intended for use as i.f. amplifier, r.f. amplifier and mixer-oscillator in a.m. re-

ceivers up to 6 MHz. 

RATINGS (Limiting values) 1) 

Collector-base voltage (open emitter) 

Collector-emitter voltage (ZB/ZE < 15) 

Collector-emitter voltage (open base) 

Collector current (d . c . ) 

Base current (d.c.) 

Reverse emitter current 

Total power dissipation up to Tamb - 45 ° C 

Storage temperature 

Junction temperature :continuous 

incidentally 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

MECHANICAL DATA 

TO-72 + 

Accessories available: 56246, 56263 

-VCBO max. 32 V 

'VCER max. 32 V 

-VCEO max. 15 V 

-IC max. 10 mA 

IIB I max. 1 mA 

-IE max. 1 mA 

Ptot max.. 60 mW 

Tstg -55 to +75 ° C 

Tj max. 75 ° C 

Tj max. 90 ° C 

Rth j-a 0.75 ° C/mW 

Rth j-c 0.4 ° C/mW 

E 

~T

Dimensions in mm 

E 

O 

  T1
♦( 

 ~ I 

5.3"'°x 12 7 min 
~ ►~ 

vzae~n ~ 

1)=shield lead (connected to case) 

Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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CHARACTERISTICS Tam = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; -VCB = 6 V 

IE =O; -VCg=6V; Tj =75 ° C 

Base current 

- ICBO 

- ICBO 

IE = 1 mA; -VCB = 6 V -IB

Base-emitter voltage 

-IC =1mA;-VCE =6V -VBE 

typ . 1.2 µA 
< g µA 

typ. 90 µA 
< 180 µA 

typ . 7 µA 
< 25 µA 

typ. 270 mV 
210 to 330 mV 

Small signal current gain at f = 1 kHz 

-IC = 1 mA; -VCE = 6 V hfe typ. 150 

Feedback capacitance at f = 450 kHz 

-IC = 1 mA; -VCE = 6 V -Cre typ. 1.5 pF 

y parameters at f = 0.45 MHz (common emitter) 

-IC = 1 mA; -VCE = 6 V 1) 

Input conductance 
Input capacitance 
Feedback admittance 
Phase angle of feedback admittance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output capacitance 

Feedback impedance at f = 2 MHz 

IE =1mA; -VCB =6V 

gie 
Cie 

~ yre ~ 
~P re 

I yfe 
'P fe 
goe 
Coe 

typ. 0.25 mS2 -1
typ. 70 PF _1 typ. 4.0 µS2 
typ. 270°
typ. 37 mSt -I 

typ. 0 
typ . 1.0 µS2 - I 

typ. 4.0 •pF 

I zrb ( typ . 

1) Length of leads between transistor bottom and measuring jig : 5 mm 

35 S2 
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CHARACTERISTICS (continued) Tamb = 25 °C unless otherwise specified 

Transition frequency 

IE = 1 mA; -VCg = 6 V 

Noise figure at f = 1.0 MHz 

IE = 1 mA; —VCB = 6 V; RS = 500 S2 

Conversion noise figure 

IE =1mA;—VCB=6V 

RS = 500 S2; f = 1 MHz 

RS = 2 kSl; f = 200 kHz 

Power gain at f = 0.45 MHz 

G _ V° 2 4 RS = 0.94 ~ P 
V12 ~ Rl Vi 2 

Test circuit 

Rc=4.7kd1 
L1 

4~1 

120pF ~t00pF 

fT typ. 75 MHz 

F 
typ . 1.5 dB 
< 3 dB 

Fc <YP • 3 dB ~r 
5 dB 

Fc 
typ. 
< 

4 
7 

dB 
dg 

~0 

G P 
~ 
tYP. 

40 
42 

dB 
dB 

22k~(L 

Q1NF 

5.6 k,C1 

1.5kd1 

1T T0.1 NF 

a 
r 2 

1 To.,NF 

T'

Total collector resistance Rp = 20 kS2 
Ll = 625 µH; unloaded Q-factor 140; tap at 0.2 
L2 = 625 µH; unloaded Q-factor 140 

Vo

 zoscce 

9V 
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AF 139 

U.H.F. GERMANIUM MESA TRANSISTOR 

I 
P-N-P transistor in a TO-72 metal envelope, primarily intended for use in pre-
amplifier, mixer or oscillator circuits up to frequencies of 860 MHz. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max. 20 V 

Collector -emitter voltage (open base) -VCEO max. 15 V 

Collector current (d.c.) -IC max. 10 mA 

Total power dissipation up to Tamb = 45 ° C Ptot max. 60 mW 

Junction temperature TJ max. 90 ° C 

Transition frequency 

-IC = 1.5 mA; -VCg = 12 V fT typ. 550 MHz 

Max. unilateralised power gain 

I E = 1.5 mA; -VCB = 12 V; f = 800 MHz GUM typ. 11.5 dB 

Noise figure 

I E = 1.5 mA; -VCg = 12 V; 

f = 800 MHz; RS = 60 S2 F typ. ? dB 

MECHANICAL DATA 

TO-72 

0 
E 
m 
~' 

Dimensions in mm 

d 
E 

O 

5.3 max 12.7 min 

~}=shield lead (connected to case} 

Accessories available: 56246, 56263 

May 1968 
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AF139 

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 Tamb - 45 ° C 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

- VCBO 

- VCEO 

- VEBO 

-IC 

-1CM 

Ptot 

Tstg 

Tj

Rth j -a 

Rth j -c 

max. 20 V 

max. 15 V 

max. 0.3 V 

max. 10 mA 

max. 10 mA 

max. 60 mW 

-30 to +75 ° C 

max. 90 ° C 

= 0.75 ° C/mW 

= 0.40 ° C/mW 

1) Limiting values according to the f.bsolute Maximum System as defined in 

IEC publication 134. 

May 1968 
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CHARACTERISTICS 

Collector cut-off current 

IE = 0; -VCg = 20 V 

IB = 0; -VCg = 15 V 

Emitter cut-off current 

IC = 0; -VgB = 0.3 V 

Base current 

IE = 1.5 mA; -VCB = 12 V 

IE = 2 mA; -VCB = 6 V 

IE = 5 mA; -VCB = 6 V 

Emitter -base voltage 

IE = 1.5 mA; -VCB = 12 V 

IE = 2 mA; -VCB = 6 V 

IE = 5 mA; -VCB = 6 V 

Transition frequency 

-IC = 1.5 mA; -VCg = 12 V 

T~ = 25 ° C unless otherwise specified 

-ICBO 

- ICED 

- IEBO 

-IB

-IB

-IB

VEB 

VEB 

VEB 

fT

Reverse transfer time constant 

IE = 1.5 mA; -VCB = 12 V; f = 2.5 MHz rb11.C~c

9 
! Feedback capacitance at f = 450 kHz 
c 

-IC = 1.5 mA; -VCg = 12 V -CTe

Noise figure at RS = 60 S2 

~` IE = 1.5 mA; -VCB = 12 V; f = 800 MHz F 

f = 860 MHz F 

I) 1 fF = 1 femtofarad = 10-i5 F 

May 1968 

typ. 0.5 µA 
< 8 µA 

< 500 µA 

typ. 2 µA 
< 100 µA 

typ. 30 µA 
< 150 µA 

typ. 36 µA 

typ. 66 µA 

typ. 380 mV 
320 to 430 mV 

typ. 380 mV 
320 to 430 mV 

typ. 405 mV 
360 to 450 mV 

typ. 550 

typ. 3 

typ. 250 

typ. 7 
< 8.2 

typ. 7.5 
< 8.8 

MHz 

ps 

dB 

dB 

dB 

dB 



AF139 

CHARACTERISTICS (continued) 

y parameters at f = 800 MHz 1) 

IE = 1.5 mA; -VCB = 12 V 

Input conductance 

Input capacitance 

Input susceptance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

T~ = 25 ° C unless otherwise specified 

gib 

- Cib 

-w C~ 

~ Yrb~ 

rb 

yfb I 

~fb 

gob 

Cob 

typ. 7 mSt-1 •~ 

typ. 2.2 pF f 

typ. 11 mSZ-1 ; 

typ. 0.4 mS2-1 ~ 

typ. 240°

typ. 14 mSl-1

typ. 35° 

typ. 0.5 m12-1

typ. 1.5 pF 

y parameters at f = 200 MHz 1) 

IE = 1.5 mA; -VCg = 12 V 

Input conductance gib typ. 28 mSl-1

Input capacitance -Cib typ. 19 pF 

Input susceptance -wC~ typ. 24 mS2-1

Feedback admittance Iyrbl tYP• 0.17 mSl-1

Phase angle of feedback admittance CPrb typ. 250° 

Transfer admittance IYfbI typ. 37 mSl-1

Phase angle of transfer admittance (Qfb typ. 126° 

Output conductance gob typ. 90 µS2-1

Output capacitance Cob typ. 1.5 pF 

Maximum unilateralised power gain 

~Yfb~ 2 
G[JM 4 gibgob 

Ig = 1.5 mA; -VCB = 12 V; f = 800 MHz GUM typ. 11.5 dB 

1) Measured with a lead length of 5 mm. 

May 1968 
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0 

!
R 

t 

CHARACTERISTICS (continued) T~ = 25 ° C unless otherwise specified 

Transducer gain 

Basic circuit for measuring the transducer gain Gtr• 

200p F 

r~ ; tur s 
In I 

signal I ~ 
generatorl~ I 

I 

S'I 
I I ~ 
L_ _J 

u_ 
a 

N 

O 

120pF 

tur 
8 

SEE 

Total effective collector resistance Rc = 1.4 kS2 

_  output power in load R L 
Gtr available power from source RS

IE = 1.5 mA; -VCg = 12 V 

f = $00 MHz 

f = 860 MHz 

~Z09402 

GCB 

Gtr 

R ~=60.fL 
(receiver) 

> 9 dB 

typ. 11 dB 

> 7.~ dB 

typ,. 10 dB 

Reverse transducer gain 

I E = 1.5 mA; -VCg =. 12 V; f = 800 MHz Gtr rev typ. -23 dB 

The reverse transducer gain is measured in the above circuit, with the signal 

generator and the load (receiver) interchani;ed. 

i 

May 1968 
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20 

Gtr 

(deg 

10 

0 

—10 

typico2 values 

'_  ~~ii 

~/  \ ~~1~1 ~~,~~ 
~ ~ 

 \N 

~~~ ' ► 3 

  3~ 
~~ ti ~~~~ 

7204970-L6.oci 

—V~~ =1zv; Rg =so,n. ; T =25°c 
RE +R~ =1k,(L (total d. c, resistonce 
in emitter and collector c'rcuit) 
Rc _total effective collector resistonce 

—200 

11 

F 
(d8, 

4 

2 

N 
'A 

.'  \~~\\

~~~~ i 1 

10 IE(mA) 12 

~ ~ ~ ~ ~ ~ 

~  ZE =15mA 
—VCB =12V 
RS =60.fL  
T =25°C  

~2 ~ 

_ _~---
 F+{.~ tYP 

-- 1 
: I

i 

i 

~  ~ ~ ~ i ~~ 
O1 1 10 100 

0 x 
3 

0 

f (MHz) 1000 

) 
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r_ 
r 

r{
f 

600 

fT
(MHz) 

400 

200 

6 

4 

2 

00

i
Tj =25°C 

ryp

~L 

 c~~~2G 

  6L 

1 2 

 Length of ends between bottom 
and measuring jig:5mm 

■■■■■■ 

3 

!~
~

9
'l 

E
96

90
ZL

 

4 —I~ (mA) 5 

 f=800MHz 

~~i 
r. 

■: 

400MHz 

ryp'co2 voices ~~~ 
■ ~•~• ~ IE =15mA iii 

 T =25°C ::: 

r~
~~~~ ;" .. 

 ■■■ ■■■■_  

~ `~'rl~ ■■ ;' " ...... 

 ~ --

f00MHz 

Q2 0.4 0.6 0.8 1 1.2gob(mIZ')1.4 

V 

0 

~, 0 
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—uJCib 

(m,[Z )'

20 

40 

60 

~~\ 
~11A_ i►~n ~~►~~~ 

~-7N  ~~~~ 

~~ 
Length of leads between bottom 
and meosuring jig:5mm 

i ~i~ii:~n:%~1~~--~ 

~~~~lu~r
 O~ 
 ry i 

~~ 

~~n~ 
~~~~~~ ■  

35
.~►~ 

'sr 

typico values 
—l~B =12V 
Tj = 25°C 

eoo

0 

—W Crb 
(m~f1 ') 

oa 

0.4 

0.6 

I ~~~ 1 r 

!~
o

'9
i-

99
69

02
L

 

20 40 60 BO 100 gb 
(m.(),_j 

120 

Length of leads between bottom 
and measurrng jig . Smm 

!!~ TE135mA _■ 

@OOMNz ~~~~ 

0.25 

400MHz 

15mA 
-~: ~;,' 

■~~~~~1\~~_ 

YPrcal values 
U~B =12V 
T =25°C 

0.2 0.15 0.1 

]OOM 

0.05 —grb6».(1-) 0 

r 

j 
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E 
r 

f 

ao 
WCfb 

(m,lZ-) 

60 

40 

ao 

o~ 

  ength of leads between bottom 
and measuring dig: Smm 

40 MHz 

B 

wCob 

(m,fZ )'

6 

4 

2 

—80 

typical w7ues 
-u~B =1av 
 Tj .25°C 

100M ~ '~ 

~~~r I':~

_ h~'  
 '~ ~ ~ \ ~,~._  
 ~~I~I,1~~.~~a~ 

z 

 200MHz 

V 

0 

~, ° 

400MHz 

—60 —40 —20 

aoo 
MHz 

0 gfb(m,fL-~) 20 

Length of Leads between bottom 
and measuri jig :Smm 

I 
 f-. 
BOOMHz 

lE 

400MHz 

e 200MHz 

typical vo ues 
—1/OB =12V 
T =25°C 

100MHz

00 
0.1 

V 

0.2 Q3 04 OS gOb(md2-) 06 
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OBSOLESCENT TYPE AF178 

t, 
I' 
3 

9 

, 

R.F. GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N -P transistorin aT0-12 metal envelopewith a shield lead connected to the case. 
The AF178 is primarily intended for application in v.h.f. amplifier-, oscillator -
and converter circuits. It has a low noise and a high gain up to frequencies of 
260 MHz . 

RATINGS Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

i Collector -base voltage (open -emitter) —uCBO max. 25 V 

Emitter-base voltage (open collector) —VEBO max. 0.5 V 

Collector current (d.c.) —IC max. 10 mA 

e Base current (d . c .) —IB max . 1 mA 

Total power dissipation up to Tamb = 45 oC Ptot max. 75 mW 

Storage temperature Tstg —55 to +75 oC 

Junction temperature: continuous Tj max. 75 oC 
p 

i

}

incidentally 

THERMAL RESISTANCE 

Tj max. 90 oC 

i From junction to ambient in free air Rth j-a = 0.6 oC/mW 

MECHANICAL DATA Dimensions in mm 

TO-12 

0 
E 

ss mo■ 127min 
~-' ~ 1208683 

~)=shield lead (connected to case) 

Accessories available: 56245, 56265 

E 
m 
3 
O 

FOR NEW DESIGN THE SUCCESSOR TYPES BF182; BF 183 (N-P-N)OR 
AF139 (P-N-P) ARE RECOMMENDED 

Jtme 1971 



AF178 

CHARACTERISTICS Tamb = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; -VCg = 12 V - ICBO < 10 µA 

IE = 0; -VCg = '25 V - ICBO < 50 µA 

Base current 

~~ 

-IC = 1 cnA; -VCE = 12 V 

Base -emitter voltage 

-IC=1mA;-VCE =12V

Feedback capacitance at f = 0.45 MHz 

-IC =1mA;-VCg=12V 

Transition frequency 

IE = I mA; -VCg = 1L V 

Feedback impedance at f = 2 MHz 

IE = l mA; -VCg = 1'L V 

Small signal current gain at f = 1 kHz 

-IC = 1 mA; -VCE = 12 V 

-Ig < 50 µA 

-VBE 

- Cre 

fT

220 to 360 mV 

typ. 0.8 pF 

ryp. 180 MHz 

z rb I typ' 10 52 

hfe > 20 

Noise figure at f = 200 MHz 

-IC = 1 mA; -VCE = 12 V; RS = 30 S2 F 
typ. b dB 
< 7.5 d6 

f 

OBSOLESCENT TYPE June 1971 

r 



AF239 

U.H.F GERMANIUM MESA TRANSISTOR 

Y-\-P transistor in a TO-72 metal envelope, primarily intended for use in pream-
plifier, mixer or oscillator circuits up to frequencies of 890 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) — VCBO max. 20 V 

Collector emitter voltage (open base) — VCEO max. 15 V 

Collector current (d.c.) —IC max. 15 mA 

Total power dissipation up to Tamb = 4' oC Ptot max. 60 mW 

Junction temperature TJ max. 90 oC

Transition frequency 

—IC =l mA; —VCg = 10 V f-r typ. 650 MHz 

Max. unilateralised power gain 

I~, = 2 mA; —VCB = 10 V; f = 800 MHz GUM tYP• 17 d13 

\oise figure 

Ig = 2 mA; —VCg = 10 V 
GS= 16.7 mS2-1; BS = 0 

f = 200 MHz F typ. 3 dB 
f = 800 MHz F typ . 5 dB 

MECHANICAL DATA 

TO -72 ~~~F°~,~45° 

0 
E 
aD 

Dimensions in mm 

~5.3max. 
~ 

~)=shield lead (connected to rose) 

Accessories available: 56246, 56263 

12.7 min 
~zoena 

E 
m 

O 

I' 
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AF239 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

-VCBO 

-VCEO 

-VEBO 

max. 20 V 

max. 15 V 

max. 0.3 V 

Currents 

Collector current (d.c.) -IC max. 15 mA 

Collector current (peak value) -ICM max. 15 mA 

Power dissipation 

Total power dissipation up to Tamb = 45 °C Ptot max. 60 mW 

Temperatures 

Storage temperature 

Junction temperature 

Tstg 

Tj

THERMAL. RESISTANCE 

From junction to ambient in free air Rth j -a 

From junction to case Rth j_c

-30 to +75 ° C 

max. 90 ° C 

0.75 °C/mW 

0.40 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 

publication 134. 

r 

)~

s 

May 1968 



AF239 

CHARACTERISTICS T~ = 25 oC unless otherwise specified 

u 

Collector cut-off current 

VEB = 0; -VCB = 20 V 

IB = 0; -VCE = 15 V 

Emitter cut-off current 

IC = 0; -VEB = 0.3 V 

Base current 

I E = 2 mA; -VCB = 10 V 

IE = 5 mA; -VCB = 5 V 

IE = 10 mA; -VCB = 2 V 

Emitter-base voltage 

IE = 2mA; -VCB= lOV 

IE _ ~ mA; -VCB = 5 V 

Transition frequency 

-IC = 2 mA; -VCE = 10 V 

Feeback capacitance at f = 1 MHz 

-IC = 2 mA; -VCE = 10 V 

Noise figure 

-ICBS 
typ. 0.5 
< g 

-ICED < 500 

-IEBO < 100 

-IB
typ. 60 

< 200 

-IB typ . 167 

-IB < 1 

VEB 

VEB 

f.r

-C 
re 

µA 
µA 

µA 

µA 

µA 

µA 

µA 

mA 

typ . 350 rnV 

typ. 400 mV 

typ. 650 MHz 

typ . 230 fF 1) 

I E = 2 mA; -VCB = 10 V 

GS = 16.7 mS2-I; BS = 0 

f = 200 MHz F typ. 3 dB 

f = 800 MHz F 
typ. 5 dB 

< 6 dB 

f = 900 MHz F 
typ. 
< 

6 
7 

dB 

dB 

Maximum unilateralised power gain 

~ y~~2 

GUM 4 gibgob 

IE = 2 mA; -VCB = 10 V; f = 800 MHz GUM typ. 17 dB 

I) 1 fF = 1 femtofarad = 10-15 F 

May 1968 



AF239 

CHARACTERISTICS (continued) 

Transducer gain  at Tamb - 25~oC 

Basic circuit for measuring the transducer gain Gtr at f = 800 and 900 MHz. 

200pF 

~-f 

IE 
signal ~ c~̂d 

generators '~

I~ 
I 
L_ 

a 
N 

i+ 

0 

120pF 

8 
turns 

_  output power in load GL 
Gtr available power from source GS

V~ g 

7209403 

Gt-16.7m11' 
(receiver) 

IE _2 mA; -VCg = 10 V; lead length : 3 mm; can connected to earth. 

f = 50 MHz; Gc = 0.25 mS2 -1

f = 200 MHz; Gc = 0.4 mS2-1

f = 500 MHz; Gc = 0.5 mS2 -1

f = 800 MHz; Gc = 0.5 mS2 - i 

Gc = 2 mSl-1

f = 900 MHz ; Gc = 0.5 mSt -1

Gc = 2 mS2-1

Gc =total effective collector conductance. 

Gtr tYP• 22.5 dB 

Gtr typ. 21.5 dB 

Gtr tYP• 18 d6 

> 11.5 dB 
Gtr typ. 14 dB 

> 9 dB 

Gtr typ. 11.5 dB 

Gtr tYP• 12.5 dB 

Gtr typ. 10.5 dB 

May 1968 
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f--

T̀ ' 

r 

20 

Gtr 
(d B) 

0 

20 

40 

7207667 

typical values 
Tama=25°C 

 -VCC=I2V;Gg=16.7mS1 ~;Bg.O 
 RE+RC =1k.CL (total d.c. resist-
 ance in emitter -collector circuit)
 B c =tuned to max. gain  
 lead length : 3 mm 
~~` can connected to earth 

't~'~   
~~ $ ... 

~ O :.~, iii. 
. ti .. ti .~t~i.... ~, 

~~~ ~~ 
~~ A " \~ Y 

~y 

S. 

1 r __ 

60 
0 

8 

F 

(dB) 

6 

4 

2 

2 4 6 8 10 IE (mA) 12 

7207872 

•40 

Gg 

(m,(1 ~) 

-30 

typical valuer 
IE .2 mA 

VCB =10V 
T~ .25°C 
Bg :0 
lead length : 3mm 
can connected to earth 

-20

10 

noi~g ure 
~~  

..a 

.~  
~~  

i  
i 

=corresponding optimum source conductance 
~TTfTf  f 7 

00.1 
u 

1.0 10 100 f (MHz) 1000 
f 
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20 

bib 

(md1 ~) 

0 

20 

40 

~' 

  ~ti 
 ~~~~~~~~ ti r ~~ ~. 
~~~ y 0~h~ iaJ i 

~o i~ ~~~. 

60 
0 

.~ 

200 M H 

typical values  ' " 
VCg=10V 

Tamb =25°C 
lead length : 3 mm 
can connected to earth 

IE-
o=0.5mA 
0=1 mA 
• _ 2 mA 
■ _4 mA 

50MHz 

100MHz 

180° 
1000 500 

210° 

20 40 60 80 100 120 
gib (m,fL ~) 

100 
Iyrbl (p'~' ~) 

50 10 50 100 500 1000 

typical values 
-vcB =1ov 
Tamb =25°C 
lead length:3mm 
can connected to 
earth 

900M Hz 

~zo~ess 

240° 

i100MHz / 

~~,' , _ 20 MHz ~ ~~; ~ •,~ 200MHz 
P•:~ ~~~ 

f~+~~~ I 
~~~..~ ' 

..~r ~~ i /~ ~. ~:~., ~.~- 
i~ ~-

Qi~ 

800 M H z 

270° 

s~ 
~ ~ 500MH 

650M Hz 

300° 

330° 

360° 
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7207888 
typical values IE _ 
tend length : 3 mm 90° o =0.5 mA 
can connected to eart'~~ ='' a =1 mA 

o -2 mA 

180° 

8 

bob 

(m,f1 ~) 

6 

4 

2 

~ IG ~ ~ 
150' ~~/~ '.50MHz~ `, 30° 

~~ ,/ ♦ ~~ ` , 

.■ ~. ♦♦ ♦♦ 
~ , ,~ '~ ~, 800MHz ' • 100MHz ~,, •~~ ```~~ 
`' • f=50M,•, ,, ~.' ` ''"I 900MHz 

100 50 10 5 

7207871 
typical values 
lead length : 3 mm 
can connected to earth 

f 
900 M H z 

800MH 

650M -I z 

200MHz 

—VC g = OV 
Tamb=25°C 

00 

100MH~, 
5Q M H,ZI  

0.5 15 
gob (m.fl, ) 

8 

bob 

(m,f1 ~) 

6 

4 

2 

0 
5 10 50 100 

(yfib~ (m.f1 ~) 

typical values 
lead length : 3 mm 
can connected to earth 

7207870 

■■■ 
■■■ 
■■ 

■ 
u q 

::: ~- ~iiiiii ~ 

.■•,._:. 
~riiN 

~~~■ 
■■■■ ~~~~ 
■■■■■ 

151:F~ 

SOOMHz 

iiiiv, 

650MH 

oru~no■~ 
~~-..  -n ~r~ ■~ ■n■■~i 

500 M H 

■~ 

i 
iii~~n~o~oono 

ii~~:i i 200MHziii~ 

IE=2mA 
T. .= 25°C 

~ ~,on 
ru■■.■■~u■■■■■■■■■■00000 
~ n ~■• u •-,~ ~ ~.:. 
u►:■ 

OOMHz 
50MH 

00
1 2 3 

gob (m,f1~) 

i 

i 
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1000 

I~Bo 
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100 

10 

1 
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7~~~~■ ~~ ~~~■ \~~ ~~~~~~~~\~~~~~~~~~~~~~~~~~~~C 

iiliii~ii —~~B =20V iiiiiiiiiiiiiiiiiiiiiiiiiiiiE 
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  . ~  .~~II 
............................................N
...~....1......1..~1....1. ~• ....11.....1..... 

IIIIIIIIIIIIIIIIIIIIINII~= ~IIIIINIIIINNINN ~!~'
  ....:!ll~........  
ii 'iiiiiiliiiiii iiiii'~='ii=iliiiiniiiiiiiiiii 
11N1111 ~~/'~ ~~ ~ ~~~~~~~~~~~~~ 1111111111N1 ~~~~~~~ ~ i ~ 1~ ~~~~~~~ ~~~i~I~~~~~~u ~~nN 
111111 111~1~ II 1111111111111111111111 
IN 1 111 II = 1 1111I111111111111~1~ 

20 40 60 80 Tj (°C) 100 

8 May 1968 



A~239S 

U.H.F. GERMANIUM MESA TRANSISTOR 

C 

P-N-P transistor in a TO-72 metal envelope, primarily intended for use in pream-
plifier or mixer circuits up to frequencies of 890 MHz. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max. 20 V 

Collector -emitter voltage (open base) - VCEO max. 15 V 

Collector current (d.c.) -IC max. 15 mA 

Total power dissipation up to Tam =45 °C Ptot max. 60 mW 

Junction temperature T~ max. 90 oC 

Transition frequency 
-IC = 2 mA; -VCg = 10 V fT typ. 780 MHz 

Transducer gain at Ig = 2 mA; -VCB = 10 V 
f = 800 MHz; Gc = 0.5 mS2-1 Gtr typ. 15 dB 
f = 900 MHz; Gc = 2 mS2-1 Gtr tYP• 12 dB 

Noise figure 
Ig=2mA; -VCg=10V 
Gs=16.7mS2- 1;Bg=0 

f = 800 MHz F < 5 dB 
f = 900 MHz F < 6 dB 

MECHANICAL DATA 

TO-72 6~0 
~ 45° 

.~1 
P b 

0 
E 
m 

Dimensions in mm 

E 

 , T 

5.3 ma x 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

12.7 min 
]ZOB]t0 

November 1968 



AF239S 

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. 15 V 

Emitter -base voltage (open collector) -VEBO max. 0.3 V 

Currents 

Collector current (d.c.) -IC max. 15 mA 

Collector current (peak value) -ICM max. 15 mA 

Power dissipation 

Total power dissipation up to Tamb = 45 °C Ptot max. 60 mW 

Temperatures 

Storage temperature Tstg -30 to +75 oC 

Junction temperature Tj max. 90 oC 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Itth j -a 

Rth j -c 

= 0.75 °C/mW 

= 0.40 oC/mW 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off current 

V EB = 0; -VCg = 20 V - ICBS 
typ • 0.5 µA 
< 8 µA 

IB = 0; -VCE = 15 V - ICED < 500 µA 

Emitter cut-off current 

IC =O;-VEB=0.3V 

Base current 

IE = 2 mA; -VCg = 10 V 

IE = 5 mA; -VCg = 5 V 

IE = 10 mA; -VCB = 2 V 

- IEBO 

-IB 

-IB 

- IB 

< 100 µA 

typ. 60 µA 
< 200 µA 

typ. 167 µA 

< 1 mA 

2 November 1968 



AF239S 

CHARACTERISTICS (continued) 

Emitter -base voltage 

IE = 2 mA; —VCB = 10 V 

IE = 5 mA; —VCg = 5 V 

Transition frequency 

—IC =2mA;—VCE=10V 

Feedback capacitance at f = 1 MHz 

—IC =2mA;—VCg=10V 

Noise figure 

IE = 2 mA; —VCg = 10 V 
GS=16.7mS2—l; BS=O 

T~ = 25 °C unless otherwise specified 

VEg typ. 350 mV 

VEB typ. 400 mV 

f7~ typ. 780 MHz 

—CTe typ. 200 fF 

f = 800 MHz F < 5 d6 
f = 900 MHz F < 6 dB 

Transducer gain at Tamb = 25 °C 

Basic circuit for measuring the transducer gain Gtr at f = 800 and 900 MHz. 

200pF 

~~ 
signal ~co 

generators ',~ 

I~ 
I 
L_ 

SEE 

120pF 

8 
turns 

~C B 

'1209403 

Gt=16.7m,f1 ' 
(receiver) 

Gtr in dB = 10 log 
output power in load GL, 

available power from source Gg 

IE = 2 mA; -VCg = 10 V; lead length: 3 rnm; can connected to earth. 

f = 800 MHz; Gc = 0.5 mS2-1
Gc = 2 mSZ-1

f = 900 MHz; Gc = 2 mS2-1

Gc =total effective collector conductance. 

Gtr typ. 15 dB 

Gtr typ. 12.5 dB 

> 11 dB 
Gtr typ. 12 dB 

November 1968 3 
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MAINTENANCE TYPE AF240 

4 r 

r 

r 
i 

U.H.F. GERMANIUM MESA TRANSISTOR 

P -N -P transistor in a TO-72 metal envelope with the shield lead connected to the 

case, intended for mixer and oscillator circuits in variable capacitance tuners up to 
frequencies of 890 MHz. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCgp max. 20 V 

Cohector-emitter voltage (open base) -V 
CEO max. 15 V 

Collector current (d, c.) -IC max. , 10 mA 

Total power dissipation up to Tam = 45 oC Ptot max. 60 mW 

Junction temperature TJ max. 90 ° C 

Transition frequency at f = 100 MHz 

-IC = 2 mA; -VCg = 10 V f-r typ• 650 MHz 

Transducer gain at f = 800 MHz (common base) 
Ig=2mA;-VCg=10V 

GS = 16.7 mSZ -1; GL, = 0. 5 mA/V Gtr tYP• 14 d8 

Noise figure 
IE=2mA; -VCg=10V 

GS = 16.7 mS2 -1; BS = 0; f = 200 MHz F typ. 4.5 dB 
f = 800 MHz F typ. 5.5 dB 

MECHANICAL DATA 

TO-72 ' roF~ d  45° 
.~1 

x r 
E m 

Dimensions in mm 

1).shield lead (connected to case) 

Accessories available: 56246; 56263 

12.7 m,~ 

]I.08]10 

June 1971 



AF240 

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. 15 V 

Emitter-base voltage (open collector) - VEBO max. 0.3 V 

Current 

Collector current (d. c. ) -1C max. 10 mA 

Collector current (peak value) -1CM max. 10 mA 

Power dissipation 

Total power dissipation up to Tam = 45 °C Ptot max. 60 mW 

Temperatures 

Storage temperature Tstg -30 to +75 oC 

Junction temperature Tj max. 90 oC 

THERMAL. RESISTANCE 

From junction to ambient in free air Rth j-a = 0.75 oC/mW 

From junction to case Rth j-c = 0.4 oC/mW 

MAINTENANCE TYPE June 1971 



AF240 

CHARACTERISTICS T~ = 25 

Collector cut-off current 

°C unless otherwise specified 

typ. 0.5 µA 
VEg = 0; -V~ = 20 V - ICBS < 8 µA 
IB = 0; -VCE = 15 V -ICED < 500 µA 

Emitter cut-off current 

IC = 0; -VEB = 0.3 V - IEBO < 100 µA 

Base current 
~

s
i 

-IC = 2 mA; -VCE = 10 V - IB 
typ. 
< 

80 
200 

µA 
µA 

Emitter-base voltage 

-IC = 2 mA; -VCE = 10 V -VBE typ. 370 mV 

D.C. current gain 

-IC = 2 mA; -VCE = 10 V hFE 
~ 10 

l typ. 25 

Transition frequency 

~
r
i 

-IC = 2 mA; -VCE = 10 V fT typ. 650 MHz 

Feedback capacitance at f = 1 MHz 

-IC = 1 mA; -VCE = 10 V -CYe typ. 260 fF 

I Noise figure 

1 
Ig=2mA;-VCB=10V 

Gg = 16.7 mA/V; Bg = 0; f = 200 MHz F typ. 4.5 dB 
f = 800 MHz F typ. 5.5 dB 

Transducer gain at f = 800 MHz (common base) 1) 

= 10 log 
output power in load GL, 

Gain in dB 
available power from source GS 

IE =2mA; -VCB=lOV;GS =16.7mA/V 

GL = 0.5 mA/V Gtr typ. 14 dB 

GL = 2 mA/V Gtr typ. 12 dB 

I) Length of leads is 3 mm from can to earth. 

June 1971 3 
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X000 
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AF267 

U.H.F. GERMANIUM SEMIPLANAR TRANSISTOR 

P-N-P transistur in a plastic envelope, primarily intended for use in pre-amplifier 
or mixer circuits up to frequencies of 890 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (VgE = 0) - VCBS max. 20 V 

Collector-emitter voltage (open base) -VCEO max. 15 V 

Collector current (d.c.) -IC max. 10 mA 

Total power dissipation up to Tamb = 50 ° C Ptot max. 60 mW 

Junction temperature 

Transition frequency at f = 100 MHz 
-IC =2 mA; -VCg= lOV 

Transducer gain at-IC = 2 mA; -VCg = 10 V 
f = 900 MHz; Gc = 2 mA/V 

Noise figure 
IE = 2 mA; -VCg= 10 V 
GS=16.7mA/V; BS=O 

f = 900 MHz 

T~ 

fT

Gtr 

F 

max. 

typ. 

typ. 

< 

90 

780 

12 

6 

° C 

MHz 

dB 

dB 

MECHANICAL DATA 

27max 

• ~ 

_ 0.15 

Dimensions inmm 

June 1971 



AF267 

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

Voltages

Collector-base voltage (Vgg = 0) —VCBS max. 20 V 

Collector -emitter voltage (open base) —VCEO max. 15 V 

Emitter-base voltage (open collector) — VEBO max. 0.3 V 

Currents 

Collector current (d.c.) —1C

Power dissipation 

Total power dissipation up to Tamb = 50 ° C Ptot 

max. 10 mA 

max. 60 mW 

Temperatures 

Storage temperature Tstg —30 to +75 ° C 

Junction temperature Tj max. 90 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS Tj = 25 ° C unless otherwise specified 

Collector cut-off current 

typ. 0.8 µA 
—VCB = 20 V; VEB = 0 —ICBS < 15 µA 

—VCE = 15 V; IB = 0 —ICED < 500 µA 

Emitter cut-off current 

IC = 0; —Vgg = 0.3 V —Iggp < 100 µA 

D.C. current gain 

—IC = 2 mA; —VCE = 10 V hFE > 10 

—IC = 10 mA; —VCE = 2 V hFE ~ 10 

June 1971 



AF267 

CHARACTERISTICS (continued) 

Base-emitter voltage 

—IG = 2 mA; —V~.E = 10 V 

Transition frequency at f = 100 MHz 

—IG = 2 mA; —VCE = LO V 

Feedback capacitance at f = 0.45 MHz 

—IC = 2 mA; —VGE = 10 V 

Output capacitance  at f = 900 MHz 

—IG = 2 mA; —VGE = 10 V 

T~ = 25 ° G unless otherwise specified 

—VBE 

—Gre 

Coe 

typ. 350 mV 

typ. 780 MHz 

typ. 400 fF 

typ. 500 fF 

Noise figure 

—IC = 2 mA; —VGE = 10 V 

GS = 16. 7 mA/V; Bg = 0 f = 900 MHz F < b dB 

Transducer gain  at Tamb = 25 °C 

Gtr in dB = IO log 
output power in load GL 

available power from source GS 

—IG = 2 mA; —VGE = 10 V 
> 10.5 dB 

f = 900 MHz; Gc = 2 mS2-1; GS = 16. 7 mA/V Gtr typ. 12 dB 

Gc =total effective collecor conductance. 

~~ 



p►F267 
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max. 
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i 
i 

typ ~~~~~ - Vice =10V 
Ti=25°C 

~~~~~~ 
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,O 

~1~~1~~~~~~~~~~~ 
~~~~~ 1~~~~~~~~~~ 
~1~~~~~~~~~~~~~~ 

r 

0 5 

Gtr 
(d8) 

20 

10 

0 

10 

20 
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nnzooa 
~ ~ ~ ~ 

-VS _ 12V 
Rc_1kII 
f : BOOMHz 

GS.16.7mAN 
G =2mA/V 
Tm,,,b=25'C 

/~

 typ 

0 5 —I~(mA) 10 
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AFY16 

r 
j 
I 

U.H.F. GERMANIUM MESA TRANSISTOR 

P-N-Ptransistor in a TO-72 metal envelope, primarily intended for use in pre-
amplifier, mixer or oscillator circuits up to frequencies of 860 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -VCBO max. 30 V 

Collector-emitter voltage (open base) -VCEO max. 25 V 

Collector current (d.c.) -IC max. 8 mA 

Total power dissipation up to Tamb = 45 °C Ptot max. 60 mW 

Junction temperature T~ max. 90 °C 

Transition frequency 

-IC = 1.5 mA; -VCE = 12 V fT typ. 550 MHz 

Max. unilateralised power gain 

IE = 1.5 mA; -VCB = l2 V; f = 800 MHz GUM typ. 11.5 dB 

Noise figure 

IE = 1.5 mA; -VCB = 12 V; 

f = 800 MHz; RS = 60 St F typ. 7 dB 

MECHANICAL DATA 

TO -72 

1 
45° e b 

~s~ r~` 
~~ ~►~~~ 
12.54 

,> 
E 

~5.8"'°x ~ 5.3mux

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

Dimensions in mm 

0 
e 
ao 

O 

12.7 min 

vmano 

May 1968 



AFY 16 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) -VCBO max. 30 V 

Collector -emitter voltage (open base) -VCEO max. 25 V 

Emitter -base voltage (open collector) -VEBO max. 0.5 V 

Currents 

Collector current (d.c.) -IC max. 8 mA 

Collector current (peak value) -ICM max. 8 mA 

~~

Power dissipation 

Total power dissipation up to Tamb = 45 °C Ptot max. 60 mW 

Temperatures 

Storage temperature Tstg -30 to +75 ° C 

Junction temperature T~ max. 90 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a 

Rth j-c 

= 0.75 ° C/mW 

= 0.40 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 

iEC publication 134. 

2 May 1968 



AFY 16 

CHARACTERISTICS 

Collector cut-off current 

IE = 0; -VCB = 20 V 

IE =O;-VCg =20 V;T~=60 "C 

IB = 0; -VCg = 15 V 

Emitter cut-off current 

IC = 0; -VEB = 0.5 V 

Base current 

I E = 1.5 mA; -VCg = 12 V 

IE _ 

I E _ 

2 mA; -VCg = 6 V 

5 mA; -VCB = 6 V 

Emitter -base voltage 

IE = 1.5 mA; -VCg = 12 V 

lE = 2 mA; -VCB = 6 V 

IE = 5 mA; -VCg = 6 V 

Transition frequency 

-IC = 1.5 mA; -VCE = 12 V 

Reverse transfer time constant 

T~ = 25 °C unless otherwise specified 

IE = 1.5 mA; -VCB = 12 V; f = 2.5 MHz 

Feedback capacitance at f = 450 kHz 

-IC = 1.5 mA; -VCE = 12 V 

I) 1 fF = 1 femtofarad = 10-15 F 

- ICBO 

- ICBO 

- ICEO 

-IEBO 

-IB

-IB

-IB

VEB 

VEB 

VEB 

fT

rbb+ . Cb+c

-Cre 

typ. 0.7 µA 
< 3 µA 

typ. 7 µA 

< 30 µA 

< 500 µA 

ryp. 4 µA 
< 100 µA 

typ. 25 µA 
< 150 µA 

typ. 31 µA 

typ. 56 µA 

typ. 380 mV 
320 to 430 mV 

typ. 380 mV 
320 to 430 mV 

typ. 405 mV 
360 to 450 mV 

typ. 550 MHz 

typ . 3 ps 

ryp. 250 fF I) 

May 1968 3 



AFY 1~ 

CHARACTERISTICS (continued) 

y parameters at f = 800 MHz 1; 

IE = 1.5 mA; -VCB = 12 V 

Input conductance 

Input susceptance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

Maximum unilateralised power gain 

GUM _  I Yfb1 2 
4 gibgob 

IE = 1.5 mA; -VCB = 12 V; f = 800 MHz 

1) Measured with a lead length of 5 mm. 

T~ = 25 ° C unless otherwise specified 

gib tYP • 7 mSt-1

- bib tYP• 11 mSl-1

- Cib tYP • 2.2 pF 

I Yrbl typ. 0.4 mSZ-1

~rb tYP• 240 0 

I Yfb I tyP• 14 mS2-1

tQfb typ. 35°

gob tYP• 0.5 mS2-1

Cob $'P• 1.5 pF 

G1JM typ. 11.5 dB 

4 May 1968 



AFY16 

CHARACTERISTICS (continued) 

Transducer gain 

_  output power in laad R L, 
Gtr available power from source RS 

T~ = 25 °C unless otherwise specified 

I E = 1.5 mA; —VCg = 12 V; f = 800 MHz Gtr > 10.2 dB 
typ. 11 dB 

Reverse transducer gain 

Ig = 1.5 mA; —VCg = 12 V; f = 800 MHz Gtr rev n'P• —23 dB 

The reverse transducer gain is measured in the circuit below, with load and 
source (including RS) interchanged. 

Noise figure 

I E = 1.5 mA; —VCB = 12 V; f = 800 MHz F 
typ. 7 dB 

< 8 dB 

Basic circuit for measuring the transducer gain Gtr and the noise figure F. 

200p F M 
.~ .. 

r~ 
~~ 
~ ~~ 

signal i ~ 
generotor~~ 

I 
I 
L_ 

SEE 

Total effective collector resistance R c = 1.4 kS2 

0 to  2pF~ ~/ 

ACC 

7Z094fi6 

R ~=60~ 

May 1968 5 





AFY40 

U.H.F. GERMANIUM EPITAXIAL MESA TRANSISTOR 

P-N-P transistor in a metal envelope, with insulated electrodes and a shield 
lead connected to the cage. It is primarily intended for use in output stages of 
aerial amplifiers up to frequencies of 860 MHz. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) - VCBO max. 32 V 

Collector -emitter voltage (open base) - VCEO max. 20 V 

Collector current (d. c.) -IC max. 20 mA 

Total power dissipation up to Tam = 30 °C Ptot max. 140 mW 

Junction temperature T~ max. 90 ° C 

Transition frequency 

-IC = 6 mA; -VCE = 12 V f.r typ. 700 MHz 

Transducer gain at T~ = 70 °C 

IE = 4 mA; -VCB = 20 V; f = 800 MHz Gtr typ. 12 dB 

Noise figure 

IE =1.5rrli~; -VCB=12 V; 

f = 800 MHz; RS = 60 ~2 F typ. 7 dB 

MECHANICAL DATA Dimensions in mm 

12 7min 
izoe~u 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

0 
E 

O t 

May 1968 1 
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 1 

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

Voltages 

Collector-base voltage (open emitter) -VCg~ max. 32 V 

Collector-emitter voltage (open base) -VCEO max. 20 V 

Emitter -base voltage (open collector) -VEgp max. 0.3 V 

Currents 

Collector current (d.c. ) 

Collector current (peak value) 

-IC max. 20 mA 

-ICM max. 20 mA 

Power dissipation 

Total power dissipation up to Tam = 30 °C 
with cooling fin No. 56263 Ptot max. 140 mW 

Temperatures 

Storage temperature Tstg -30 to +75 °C 

Junction temperature Tj max. 90 °C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to ambient with 
cooling fin No. 56263 

From junction to case 

Rth j -a = 

Rth j -a = 

Rth j-c = 

0.55 °C/mW 

0.42 ° C/mW 

0.32 °C/mW 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Transition frequency 

-IC = 6 mA; -VCE = 18 V 

Noise figure at f = 800 MHz 

IE =1.5mA; -VCg=12 V; RS=60 S2 

Transducer gain 

_ output power in load Rl, 
Gtr available power from source RS

IE =4mA; -VCB=20 V; 

f = 800 MHz; Tj = 70 °C 

f7. typ. 700 MHz 

F typ. 7 dB 

Gtr 
> 10 dB 

typ. 12 dB 

2 August 1970 



AFZ 12 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-P transistor in aT0-72 metal envelopewith a shield lead connected to the case. 
The transistor is intended for v.h.f. operation up to 200 MHz. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max . 20 V 

Collector -emitter voltage (open base) - VCEO max . 10 V 

Collector current (d.c.) -IC max . 10 mA 

Total power dissipation up to Tamb = 25 oC Ptot max . 85 mW 

Junction temperature T~ max . 75 oC 

Transition frequency 

-IC = 1 mA; -VCE = 6 V fT typ. 180 MHz 

Noise figure 

-IC = 1 mA; -VCE = 12 V 
f = 200 MHz; Rg = 30 S2 F typ. 6.0 dB 

MECHANICAL DATA 

TO-72 

E 
m 
~~ 

Dimensions in mm 

E ~ 
~~ 
O' 

 noevv 

1). shield lead (connected to case) 

Accessories available: 56246, 56263 

May 1968 1 
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~~ 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltal;e (open emitter) 

Collector -emitter voltage (+VBg =0.5 V) 

-IC up to 10 mA 

Collector-emitter voltage (open base) 

Emitter -base voltage (open collector) 

Currents 

Collector current (d,c.) 

Base current(d.c.) 

Emitter current (d.c.) 

Reverse emitter current (d.c.) 

-VCBO 

-VCEX 

-VCEO 

- VEBO 

-IC 

-IB 

IE

-IE

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot 

Temperatures 

Storage temperature Tstg 

Junction temperature, continuous Tj

incidentally Tj 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 

max. 20 V 

max. 20 V 

max. 10 V 

max. 0.5 V 

max. 10 mA 

max . 1.0 mA 

max. 10 mA 

max. 1.0 mA 

max. 85 mW 

-55 to +75 

max. 75 

max . 90 

°C 

oC 

oC 

0.6 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2 May 1968 
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CHARACTERISTICS 

Collector cut-off current 

Tamb = 25 oC unless otherwise specified 

IE = 0; -VCB = 6 V - ICBO 
typ. 
< 

1 .0 
6.0 

µA 
µA 

IE = 0; -VCg = 20 V - ICBO 
typ. 
< 

2.6 
50 

µA 
µA 

Emitter cut-off current 

IC = 0; -VEB = 0.5 V - IEBO 
typ. 
< 

2.0 
27 

µA 
µA 

t 
Base-emitter voltage 

f
a -IC = 1 mA; -VCE = 6 V -VBE 

typ. 310 
220 to 380 

mV 
mV 

1 -IC = 10 mA; -VCg = 2 V 

D.C. current gain 

-VBE typ, 380 mV 

-IC = 1 mA; -VCE = 6 V hFE 
> 

typ. 
20 
60 

-IC =lOmA;-VCE=2V hFE 
> 
typ . 

25 
60 

Transition frequency 
> 135 MHz 

-IC = 1 mA; -VCE = 6 V fT typ. 180 MHz 

Feedback impedance at f = 2 MHz 

-IC = 1 mA; -VCE = 6 V ~ zrb ~ typ. 10 S2 

Small signal current gain at f = 1 kHz 
> 20 

-IC = 1 mA; -VCE = 6 V hfe typ . 70 

r 
t 
i 

Feedback capacitance at f = 450 kHz 

- C re 
typ. 
< 

1.0 
I.5 

pF 
pF -IC = 1 mA; -VCE = 6 V 

Noise figure 

-IC = 1 mA; -VCE = 12 V 
f = 200 MHz; RS = 30 S2 F 

typ. 
< 

6.0 
7.5 

dB 
dB 

May 1968 3 
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CHARACTERISTICS (continued) Tam = 25 0C unless otherwise specified 

y parameters at f = 200 MHz (common emitter) 
-IC = 1 mA; -VCg = 12 V 1) 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

y parameters at f = 100 MHz (common emitter) 

lg = 1 mA; -VCB = 10 V 1) 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

Power gain 

Test circuit: 

rrs: Son woo ~ 
--~'—~ 

Q05 µH 

IOk,(L 

gte

Cie 

~ yYe ~ 

typ. 

typ. 

typ. 

28 

13 

500 

m52-1

pF 

µ~ _1 

Pre typ. 250° 

~Yfe ~ typ. 34 ir.b2-1

~Vfe typ. `2 92°

gOe typ. 220 ?~S2 

COe typ. 2.0 uF 

gib typ.32.5 mv'-` 

- Cib typ. 10 pF 

IYrb~ typ. 410 µS2-1

~Prb typ. 280° 

IYfb I typ. 30 mSZ-1

~P fb typ. 1150

gob typ. 220 µS2-1

Cob typ. 2.0 pF 

> 10 dB 
Gp

typ. 13 dB 

R is chosen such that the total 
load impedance RQ (R and the 
tuned circuit in parallel) is 
2 kS2. 
L =ferrite bead 

1) Measured with a length of leads between transistor bottom and measuring jig of 
5 mm. 

4 

1 
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7208037 

I B -110/~A 
.i  -  ~~~_ 

-:.  -_. 
  ■■■..._. 
O~ON~~~~~~NOn~  .!i _. 

-:. 

~~~ 
::: 

typical values 
T„~, = 25 °C 

N~ 
~~~ 
':: ■■■ 

 .-_ ■: 
  r ~~~~~N~~~~ 
Rd~~  

-_~.  --.■: 
]IDOµ4 
90/~A 

~N 
e~■■ 

:~i' 
■ 

.- :~. r~~■~~~N 

 r/~ .~~~ ~Np . 3■., 
■N■■ru.■7■.: 

u~• Nor "_' 
NN'b 

t  ■■■_ 

rwso~=  ~ .._--■■■.,..v.~s■■N ~ ----N~r/Irrr~a~ vs n~ ne~ow: 

Nr///./oo~c...N  B   
NII'I'IIUi ~~_ 
~~l1'///I _ __-- \I. /lI'/'I/O'. 
~Il/i//.//'i 

~ ~/~ r ,.- 

50 

0 
0 

40 

GUM 
(dB) 

.30 

20 

10 

~~~~~ 

~N 

:._ i...s.. 
:G 

....=  m...a ::: 
2 4 s e to - u~E (v~ 

7zoao3e 

typ 

1) 

ty 

v~=1av 
I~ -1mA 
i i 

 1J Common emitter 
 -IC =1mA 
 -VCE=12V 
~ Common base 

IE =1mA 
-vCe=lav 

IYfe z 
GUM — ygie goe-

__ Il ytblz 
GUM 49ib9ob 

~li 
f0 XJO 1000 f (MHz 1 
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10 100 
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BF 115 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in TO-72 metal case with insulated electrodes and a shield 
lead connected to the case; the same transistor is available in lock -fit encap-
sulation under the type number BF194 or BF195. 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.) 

VCBO 

VCEO 

IC 

max. 50 

max. 30 

max. 30 

V 

V 

mA 

Total power dissipation up to Tam = 45 ° C Ptot max. 145 mW 

Junction temperature T~ max. 175 °C 

Transition frequency 

IC = 1 mA; VCg = 10 V fT typ. 230 MHz 

Noise figure 

IC=1mA;VCE=10V 

f = 1 MHz; GS = 3.3 mS2-1 F typ. 1.2 dB 

f = 100 MHz; GS = 10 mSt-1 F typ. 4 dB 

MECHANICAL DATA 

TO-72 ~,~F~~d 45° 

,~~ 
°jo 

1) 
C 

5.8'^°" 

E 
m 

N5.3 "'°" 

Dimensions in mm 

E 
~~ 
O 

i)=shield lead (connected to case) 

Accessories available: 56246, 56263. 

12 7 min . 
noeov 

FOR NEW DESIGN THE SUCCESSOR TYPES 
BF194 OR BF195 ARE RECOMMENDED 

July 1969 1 



BF 115 

RATINGS (Limiting values) 1) 

Voltage s 

Collector-base voltage (open emitter) VCBO max. 50 V 

Collector-emitter voltage (open base) 
(See also page 5) VCEO max. 30 V 

Collector-emitter voltage (see page 5) VCER max. 50 V 

Emitter -base voltage (open collector) VgBp max. 5 V 

Currents 

Collector current (d. c. ) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tam = 45 °C Ptot max. 145 mW 

Temperatures 

Storage temperature Tstg —65 to +175 ° C 

Junction temperature Tj max. 175 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a - 0.9 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 

IEC publication 134. 

2 June 1968 



BF 115 

CHARACTERISTICS T~ = 25 °C unless otherwise specified 

Emitter -base voltage 1) 

-IE = 1 mA; VCB = 10 V 

-IE = 20 mA; VCB = 2 V; Tam = 25 °C 

Feedback capacitance at f = 0.45 MHz 

-VEB 

-VEB 

- Cre 

0.65 to 0.74 

< 1.0 

typ. 0.65 

V 

V 

pF IC=1mA;VCE =10V 

D.C. current gain 

IC= 1mA;VCE=10V hFE 45 to 165 

IC=20mA;VCE= 2V hFE > 40 

Transition frequency 

IC=imA;V CE =10V fT typ. 230 MHz 

Noise figure at IC = 1 mA; VGE = 10 V 

F typ. 1. 5 dB f = 0.2 MHz; GS = 3.3 mS2-1

f = 1 MHz; Gg = 20 m~2-1 F typ. 3.5 dB 

f = 1 MHz; GS = 3.3 mS2-1 F typ. 1.2 dB 

f = 100 MHz; GS = 10 mSt-1 F typ. 4 dB 

Conversion noise figure at IC = 1 mA; VCE = 10 V 

Fc typ. 3. 5 dB f = 0.2 MHz; GS = 1 mS2-1

f = 1 MHz; GS = 2 mS2-1 Fc typ. 2.5 dB 

1) -VEg decreases by about 1.7 mV/oC with increasing temperature. 

June 1968 3 
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BF167 

SILICON PLANAR TRANSISTOR 

N -P-N transistor in a TO-72 metal envelope with a shield lead connected to the 

case; the same transistor is available in lock-fit encapsulation under the type-
number BF196. It has a very low feedback capacitance and is intended for use in 
forward gain control stages in video intermediate frequency amplifiers of tele-
vision receivers. 

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 

Transition frequency 

IC = 4 mA;, VCE = 10 V 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V 

Max. unilateralised power gain 

IC = 4 mA; VCE = 10 V; f = 35 MHz 

Gain control range 

VCBO 

VCEO 

IC 

Ptot 

TJ

fT 

—Cre 

GU M 

Gtr 

max. 40 V 

max. 30 V 

max. 25 mA 

max. 130 mW 

max. 175 ° C 

typ. 350 MHz 

typ. 0.15 pF 

typ. 42 dB 

typ. 60 dB 

MECHANICAL DATA 

TO-72 

E 

~~

5.3 ma z 

Dimensions in mm 

0 
E 
m 

O 

 -1 t 

1). shield lead (connected to case) 

Accessories available: 56246, 56263 

12 7 min 
~ noem ~ 

FOR NEW DESIGN THE SUCCESSOR TYPE BF196 IS RECOMMENDED 
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BF167 

RATINGS (Limiting values) i) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) 

(See also page 5 ) VCEO max. 30 V 

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 Tamb - 45 0~ Ptot max. 130 mW 

Temperatures 

Storage temperature Tstg -65 to +175 °C 

Junction temperature Tj max. 175 oC 

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 IEC 

publication 134. 

2 June 1968 



BF167 

CHARACTERISTICS Tamb = 25 ° C unless otherwise specified 

Base current 

IC = 4 mA; VCE = 10 V IB 

Base-emitter voltage 

IC = 4 mA; VCE = 10 V VBE 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V - Cre 

Transition frequency 

IC = 4 mA; VCE = 10 V fT

Noise figure at f = 35 MHz 

IC = 4 mA; VCE = 10 V; GS = 10 mSl -1; BS=O F 

y parameters at f = 35 MHz 

IC = 4 mA; VCE = 10 V 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

gie 

Cie 

~Yre~ 

ire 

IYfel 

~fe 

goe 

Coe 

typ. 70 µA 
< 150 µA 

typ. 700 mV 1) 

typ. 150 fF 2) 

typ. 350 MHz 

tYP• 3 dB 

typ. 4.8 mS2-1

typ. 45 pF 

typ. 37 µS2-1

typ. 268°

typ. 95 mS2-1

typ. 337° 

typ. 30 µS2-1

typ. 1.2 pF 

Maximum unilateralised power gain 

~Yfe~2 
GUM 4 gie goe 

IC = 4 mA; VCE = 10 V; f = 35 MHz GUM typ. 42 dB 

1) VBE decreases with about 1.7 mV/°C at increasing temperature 

2 ) 1 fF = 1 femtofarad = 10-1~ F 

June 1968 3 



BF167 
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BF167 
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~cER 
(V) 
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P4in. coliector-emitter voZtoge (with resistance 
between base and emitter) for which I~=2mA 
versus the base resrstonce oppLied 

1~ RE. 1  
 QSk.C1 
_ 0 

30 

20 

10 

T up to 175°C 

The same curves oppiy to ~~ and 
B E 

when externoL capac/tances are used 
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BF167 

APPLICATION INFORMATION 

First stage of an intermediate frequency amplifier with a BF167 transistor. 
(Basic circuit with voltage gain control): 

Transducer gain 

_ output power in load RL 
Gtr available power from source with Rg 

IC = 4 mA; f = 35 MHz 

Gain control range 

tOpF 

typ. 26 dB 

typ. 60 dB 

~°'"_' e e 
N 
.~. 

7
~ 

f =35MHr 
T mb _25gC 

10 -Vog~ (VJ 8 6 4 2 

GLr 
(
'

d
^

e~ 
W 

0 

-20 

~ k0 

I 
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BF 173 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P -N transistor in a TO-72 metal envelope with a shield lead connected to the 
case; the same transistor is available in lock -fit encapsulation under the type -

number BF197. It has a very low feedback capacitance and is intended for use in 

video intermediate frequency amplifiers, in particular for the output stages. 

QUICK REFEREA'CE DATA 

Collector -base voltage (open emitter) VCBO max . 40 V 

Collector -emitter voltage (open base) VCEO max . 25 V 

Collector current (d . c . ) IC max. 25 mA 

Total power dissipation up to Tamb = 45 °C Ptot max. 260 mW 

Junction temperature T~ max . 175 °C 

Transition frequency 

IC =SmA; VCE=10V fT typ. 550 MHz 

Feedback capacitance at f = 10.7 MHz 

IC =1mA; VCE=10V - Cre typ. 0.23 pF 

Max. unilateralised power gain 

IC = 7 mA; VCE = 10 V; f = 35 MHz GUM typ. 42.5 dB 

Output voltage in the circuit of page 4 VO typ. 7.7 V 

MECHANICAL DATA 

TO-72 F°f o 
~1~ 

, 45~, b e 

E 

1) 

C 

Dimensions in mm 

E 

0 t 

3maz 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

12.7 min . 

~zoe~n 

FOR NEW DESIGN THE SUCCESSOR TYPE BF197 IS RECOMMENDED 

July 1969 
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BF 173 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO 

Collector -emitter voltage (open base) 
(See also page A) VCEO 

Emitter -base voltage (open collector) VEBO max. 4 V 

Currents 

Collector current (d . c . ) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to Tamb - 45 oC 
with cooling fin No. 56263 2) 

max. 40 V 

max. 25 V 

IC max . 25 mA 

ICM max. 25 mA 

Ptot max. 260 mW 

Temperatures 

Storage temperature Tstg —65 to +175 °C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to ambient with cooling 
fin No. 56263 

Rth j -a 

Rthj-a 

0.65 ° C/mW 

0.5 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 

publication 134. 

2) Peak power dissipation see page 5. 
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BF173 

CHARACTERISTICS 

Base current 

Tamb = 25 °C unless otherwise specified 

IC=7mA; VCg=10V IB
typ. 
< 

80 
185 

µA 
µA 

Base-emitter voltage 

VBE 
typ. 
< 

740 
900 

mV 1) 
mV 

IC = 7mA; VCg = 10 V 

Feedback capacitance at f = 10.7 MHz 

-Cre typ. 230 fF 2) IC=1mA; VCE=10V 

Transition frequency 

fT typ. 550 MHz IC=SmA; VCE=10V 

y parameters at f = 35 MHz 

IC =7mA; VCE =10V 

Input conductance gie typ. 4.5 mS2-1

Input capacitance Cie typ. 45 pF 

Feedback admittance ~Yre~ typ. 55 µSt-1

Phase angle of feedback admittance ~ re typ . 266° 

Transfer admittance ~Yfe~ typ. 145 mS2-1

Phase angle of transfer admittance ~ fe typ. 338° 

Output conductance goe typ. 65 µS2-1

Output capacitance Coe typ. 2.1 pF 

Maximum unilateralised power gain 

IYfel 
2 

GUM 4 gie goe 

IC = 7mA; VCE = 10 V; f = 35 MHz GUM typ. 42.5 dB 

1) VBE decreases with about 1.7 mV/oC at increasing temperature 

2) 1 fF = 1 femtofarad = 10 -15 F 

June 1968 



BF 173 

APPLICATION INFORMATION 

Output stage of an intermediate frequency amplifier with a BF173 transistor. 

Output voltage of the i . f . output stage 

Voltage across the detector load RL = 2.7 kS2 
for 30~ synchronisation pulse compression 

f=38.9 MHz; I0=7.2mA; VGg=16.6V VO

Transducer gain 

_ output power in load R L 
Gtr available power from source with R S

f = 36.4 MHz; IO = 7.2 mA; VCE = 16.6 V 

Tuning frequency for all tuned circuits is 37 MHz 

BF173 

N 

1 

T 

> 6 V 
typ. 7.7 V 

Gtr typ. 26 dB 

22pF 

 ~ 20V 

LL
d 

OA90 

O 

LL

O 

JI~-
'rV 0 
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BF173 

goo 
PM 

(mW) 

600 

500 

400 

300 

2000

Mox. permissible peak power dissipation 
versus duration max 60 

 ~. 
_• 

.; .~-~■~~~

100 

~CER 
(V) 

80 

60 

40 

10 20 30 40 50 60 duration (sJ 

20 

00.1 

Min collector—emitter voltage (with resistance 
between base and em'tterJ for wh ch IC=2mA 
versus the base resistance ap~iied 

The some curve applies to 
W 
~ and C~ ~ 

when external capacitances are used 

IC. 2mA 
~— 

~CER 

T up to 175°C 

 RE= p to 
~k~

1 10 100 RB (k.fi.) 1000 
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MAINTENANCE TYPE BF177 to 179 

VIDEO OUTPUT TRANSISTORS 
N-P-N transistors in a TO-39 metal envelope with the collector connected to the 
case 
The BF 177 is intended for tiny-vision black and white television receivers. 
The BF178 and BF179 for application in large screen black and white television re-
ceivers. 

QUICK REFERENCE DATA 

BF177 BF 178 BF 179 

Collector-base voltage (open emitter) VCBO max. 100 185 250 V 

Collector -emitter voltage (open base) VCEO max. 60 115 115 V 

Collector current (peak value) ICM max. 50 50 50 mA 

Total power dissipation 
up to Tamb = 65 ° C Ptot max. 0.6 0,6 0.6 W 

up to T mb = 130 °C Ptot max. 1.7 1.7 W 

Junction temperature T~ max. 200 200 200 °C 

D.C. current gain at TJ = 25 °C 

IC = 15 mA; VCE = 10 V hgE > 20 

IC = 20 mA; VCE = 15 V hFE > 20 

IC=30mA; VCE=20V hpg > 20 

Transition frequency 

IC = 10 mA; VCE = 10 V f-r typ. 120 120 120 MHz 

Feedback capacitance 

IC = 10 mA; VCg = 20 V —C Te typ. 1.8 1,8 1.8 pF 

MECHANICAL DATA 

TO-39 

Collector con-

nected to case 

max ~ 45°~' 
/\ 

1.0 
max 

t 5.1 ~ 

III  9.4 ~ 
max 

Accessories available: 56218; 56245; 56265 

8.5 
max 

Dimensions in mm 

   + 0.48 
max 

0 

t  6.6 ~j.. 12 7 _ 
max min 

FOR NEW DESIGN THE SUCCESSOR TYPES BF336 to 338 

ARE RECOMMENDED 

7Z 59]22 
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BF177 to 179 

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

Voltages 

Collector -base voltage (open emitter) 
Collector-emitter voltage (Rg < 1 kSt) 
Collector -emitter voltage (open base) 

IC =4mA , 
Emitter-base voltage (open collector) 

Currents 

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

Power dissipation 

Total power dissipation 
up to Tam = 65 oC in free air 
up to Tmb = 130 oC 

Temperatures 

Storage temperature 
Junction temperature 

THERMAL RESISTANCE 

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

CHARACTERISTICS 

Collector cut-off current atTJ=200oC 

at VCERmax~ Tj = 25oC 

BF177 BF178 BF179 

V CBO max. 100 185 250 V 1) 

VCER max. 100 185 250 V 1) 

VCEO max. 60 115 115 V 

V EBO max. 5 5 5 V 

IC max. 50 50 50 mA 
ICM max. 50 50 50 mA 

Ptot max. 0.6 0.6 0.6 W 
Ptot max. 1.7 1.7 W 

v

Tstg -55 to +175 oC 
Tj max. 200 oC 

BF177 BF178 BF 179 

Rth j -a = 220 220 220 oC/ W 

Rth j-mb = 40 40 oC/W 

ICER 
typ. 0.03 
< 4 

0.05 

4 

0.10 
4 

mA 
mA 

VS RC 

BF177 100 V 3.9 kS2 
BF178 165 V 3.9 kS2 
BF 179 260 V 10 kS2 

ICER < 1 mA 

1) During switching on, a supply voltage of 1.2 times the rated VCER value is per-
mitted. 
The current must be limited so that maximum dissipation and maximum junction ~ 
temperature are not exceeded (see page 6). 

2 MAINTENANCE TYPE June 1971 



BF177 to 179 

CHARACTERISTICS (continued) 

Base current 

TJ = 25 oC unless otherwise specified 

IC =15mA; VCE =10V BF177 IB
typ. 
< 

0.36 
0.75 

mA 
mA 

IC =20mA; VCE=15V BF179 
typ 0.45 

1.0 
mA 
mA 

IC=30mA;VCg=20V BF178 IB
typ. 
< 

0.72 
1.5 

mA 
mA 

Base-emitter voltage 1) 

IC = 15 mA; VCE = 10 V for BF 177 

VBE 
typ. 
< 

0.75 
1.2 

V 
V 

IC = 20 mA; VCE = 15 V for BF179 

IC = 30 mA; VCE = 20 V for BF178 

High frequency knee voltage at TJ = 150 °C 

BF 177: IC = 15 mA VCEK typ. 10 V 

BF179: IC = 20 mA VCEK typ. 15 V 

BF 178: IC = 30 mA VCEK typ. 20 V 

The high frequency knee voltage of a transistor is that value of the collector-
emitter voltage at which the small signal gain, measured in a practical circuit., 
has dropped to 80°0 of the gain at VCE = 50 V. A further decrease of the collector-
emitter voltage results in a rapid increase of the distortion of the signal. 

Tj =150°C 

ao 
VCEK i 

t)U 

0001 Q1 1 fp.IHz)10 

IC=30mA 
BF178 

aOmA BF179 
15 mA BF177 

static knee 
voltage 

+zoom 

gain 
c~io) 
100 
80 

VCEK 50 MCE{~) 
poem 

Feedback capacitance at f = 0.5 MHz 

IC =lOmA;VCg=20V 
-CTe

typ. 
< 

1.8 
3.5 

pF 
pF 

Feedback time constant at f = 10 MHz 

-IE=10mA;VC8=10V rbb~.Cb•c 
tYP. 
< 

25 
100 

ps 
ps 

Transition frequency 

fT typ. 120 MHz IC=10mA; VCE=10V 

1) VBE decreases by about 1.6 mV/°C with increasing temperature. 

tr 
June 1971 3 



BF177 to 179 

2 

Ptot 
(W) 

15 

1 

Q5 

7208373.1 7207880 
Maximum allowable total  
power dissipation versus  
ambient temperature 

mounted with heatsink 
such that Rth j_a =85°C/ 
~.~  ~~~~■  

no ~ ~~~~~~~■ ■■■  Q t~ 
■■■ 

  J~O\\~ 
~ ~~,~~~  

  ~°~,v~ ■~~ 

n ■■,.■■ 
~~~~~■ o~►,

00 

60 

IC 

(mA) 

40 

ao 

~~ 
..' 

100 

60 

IC

(mA) 

40 

20 

VCE =10 to 20V 
T~.25°C 

0 
200

amb(°C~ 
0 

Z~7~7~ 

~~typical values ~~~~~~~ 
■■ T• = 25°C■■■■■■■■■■■■ 

■■■■■■■■■■■~~i~■■ 
■■■■■■■■■~i■!~i■■ 

■■ /,/I/ice■■■~~■■■■■~ 

■1 /i/%■_■~~~■■■■■■■~ 

~/I/■■■■■■■■■■■■■~
■~//!~  ~ 
tl%L■■■■■■■■■■■■■■~
1'PI■/~  ~ 

'I~!~i■■■■■■■■■■■■ 
i~■■■■■■■■■■■■■■■■■■ 

1.2 
1.1 
1.0 
0.9 

hFE 
80 

60 

40 

20 

10 VCE (V) 20 00 

J

typ 

0.5 VgE (V) 1 

7207879 

20 40 IC (mA)60 
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B~177 to 179 

1 

0.5 

0,~ 

7207881 

typical values 
  VCE=10 to 20V 

■~~~ ~~~~ ~~~~ ■■■■ ■■■■ 

iii 

~7~~ \N~~~~N~~~~~~~~~~~ 
1 

::_ ■■■ 

150 

fT 

(MHz 

100 

50 

'~i :~ 
0 100 Tj (°C)200 

—C re 
(pF] 

20 

10 

7208276 

VCE =20V 
f -0.5MHz 

=25°C 

i 
20 40 IC mA]60 

7zo7677 

00 

typ'cnl values 
T~  = 5°C  

~—~~ CFc ~~` ao`_ 

~~L 

10 20 30 IC (mA) 40 
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BF177 to 179 

maximum allowable peak power dissipation versus duration 

4 

PM 
(W) 

3 

2 

1 

7208758 

 in free air  

■■..~ 

~~ 

■ ti\ 

\\~\`  ■ 
~~~\ 

~~~,\~~~ 
~~~\\\\...... C 

 cvo._

ii~ii~i~iiiii~iiiiiii~=iii 
~~~ 

00 Z

7208759 

mounted with heatsink 
such that R h~_.=85°C/W 

BF178 
BF 179 

4 

PM  ~.• 
(aN) ~~~~:• 

r°mb,2goC 
3  :., ~~~ 
■■■.; ~•  

~~N~~~~~~ 
■._.

.:~~~~  

2 

x 

1  i~  ~~or■ _ 
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BF180 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a 
shield lead connected to the case. The BF180 is primarily intended for appli-
cation in a forward gain controlled pre-amplifier in u.h.f. and integrated tele-
visiontuners. 

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.) IC max. 20 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max. 150 mW 

Junction temperature T~ max. 175 ° C 

Transition frequency 

IC = 2 mA; VCE = 10 V fT typ. 675 MHz 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V -Cre typ. 280 fF 

Max. unilateralised power gain 

-IE = 2 mA; VCB = 10 V; f = 200 MHz GUM_ typ. 24 dB 

—IF = 2 mA; VCB = 10 V; f = 900 MHz CUM 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 

TO-72 ,.~0~~`'~ e b 

i 

E 

Accessories available: 5624b, 56263. 

Dimensions 
0 
~I 

cn 

~5.3max 12.7 min 
rzoe~io 

~)=shield lead (connected to case) 

in mm 
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BF180 

.~.;~ 
~~ 
~~ 
~~^ 

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) ICM max. 20 mA 

Power dissipation 

Total power dissipation up to Tamb - 25 °C Ptot max. 15C mW 

Temperatures 

Storage temperature Tstg —65 to +175 ° C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Kth j -a 1 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 

IEC publication 134. 
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BF~so 

CHARACTERISTICS 

Base current 

-Ig= 2mA;VCB=10V 

-IE = 12 mA; VCB = 7 V 

Emitter-base voltage 

-IE = 2 mA; VCg = 10 V 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V 

Transition frequency 

IC = 2 mA; VCE'= 10 V 

Noise figure 2)

-IE =2mA;VCB=10 V; 

Gg = 40 mSl-1; BS = 0; f = 200 MHz 

-IE =2mA;VCg=10 V; 

Tam = 25 oC unless otherwise specified 

GS = 10 mS2-1; BS = 0; f = 800 MHz 

Maximum unilaterised power gain 2) 

_  ~Yfb ~ 2 

GUM 4 gib g'ob 

-IE = 2 mA; VCg = 10 V; f = 50 MHz 
-IE = 2 mA; VCg = 10 V; f = 200 MHz 
-IE = 2 mA; VCg = 10 V; f = 500 MHz 
-IE = 2 mA; VCB = 10 V; f =900 MHz 

Transducer gain  2)

-IE=2mA;VCB=10V;f=200 MHz; 

GS =40mS2-1;Bg=0 

GL = 1 mSl-1; BL, :tuned 

-IE =2mA;VCB=10V;f=900 MHz; 

GS=20mS2-1; BS=0 

GI, = 2 mSt-1; BL :tuned 

1) 1 fF = 1 femtofarad = 10-15 F 
2 ) Common base configuration, metal envelope contacted to earth directly, ex-

ternal lead length: 1 mm. 

Ig 
typ. 
< 

45 
150 

µA 
µA 

IB < 2.2 mA 

-VEB typ. 0.75 V 

- Cre tYP• 280 fF 1) 

f.l. typ. 675 MHz 

F typ. 4.5 dB 

typ. 7.0 dB 
F < 9. 5 dB 

GUM > 32 dB 
GUM typ. 24 dB 
GUM typ. 14 dB 
GUM typ. 12 dB 

Gtr typ. 16.5 dB 

> 7.5 dB 
Gtr ~. 

9 
~ 
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BF180 
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BF180 
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BF181 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a 
shield lead connected to the case. The BF181 is primarily intended for appli-
cation as self -oscillating mixer 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.) IC max. 20 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max. 150 mW 

Junction temperature 

Transition frequency 

IC = 2 mA; VCE = 10 V 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V 

Max. unilateralised power gain 

—IE = 2 mA; VCB = 10 V; f = 900 MHz 

Noise figure at optimum source admittance 

—Ig = 2 mA; VCB = 10 V; f = 900 MHz 

T~ 

fZ. 

—CTe

GUM

F 

max. 175 

typ. 600 

typ. 280 

typ. 11 

typ. 6.8 

° C 

MHz 

fF 

dB 

'dB 

MECHANICAL. DATA 

TO-72 

Accessories available: 
56246, 56263 

E 
m 
~. 

Dimensions in mm 

0 

 E~O

5.3n'°"~~

1)=shield lead (connected to case) 

12.7 min , 
vzonm 
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BF 181 

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) V EBO 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 Tamb -L5 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg —65 to +175 ° C 

Junction temperature Tj max. i75 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 1 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 

IEC publication 134. 

2 June 1968 



BF 181 

CHARACTERISTICS Tam = 

Base current 

25 ° C unless otherwise specified 

-Ig = 2 mA; VCg = 10 V IB 
typ. 
< 

70 
150 

µA 
µA 

Emitter-base voltage 

-V EB typ. 0.75 V -IE=2mA;VCB=10V 

Feedback capacitance at f = 10.7 MHz 

IC=1mA;VCg=10V `Cre typ. 280 fF 1) 

Transition frequency 

IC=2mA;VCE=10V 

y parameters at f = 35 MHz 2) 

f.I, typ. 000 MHz 

-IE=2mA;VCg=10V 

Output conductance gob typ. 10 µi-1 

Output capacitance Cob typ. 0.9 pF 

Maximum unilateralised power gain 2) 

_ ~ Yfb ~ 2
GLrM 

4 gib gob 

-IE = 2 mA; VCg = 10 V; f =500 MHz GUM typ. 13.5 dB 

-IE=2mA;VCB=10V;f=900 MHz GUM tYP• 11 dB 

Transducer gain 2) 

-IE =2mA;VCg=10V;f=900 MHz; 

Gg = 20 mSt-1; BS = 0 

GL = 2 mSZ-1; BL :tuned Gtr typ. 8 dB 

1) 1 fF = 1 femtofarad = 10'15 F. 

2) Common base configuration, metal envelope contacted to earth directly, ex-

ternal lead length: l mm. 
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BF181 
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BF 181 
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BF 131 
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BF~sz 

U.H.F. SILICON PLANAR TRANSISTOR 

N -P-N transistor in a TO-72 metal envelope with insulated electrodes a.nd a shield 
lead connected to the case. The BF182 is primarily intended for application as sep-
arate mixer in integrated television tuners. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 25 V 

Collector -emitter voltage (open base) VCEO max . 20 V 

Collector current (d.c.) IC max. 15 mA 

Total power dissipation up to Tamb = 25 oC Ptot max. 150 mV4' 

Junction temperature T~ max. 175 oC 

Transition frequency 

IC = 2 mA; VCg = 10 V fT typ. 650 MHz 

Max. unilaterised power gain 

-IE = 2 mA; VCg = 10 V; f = 900 MHz GUM typ. 11 dB 

Noise figure at optimum source admittance 

-Ig = 2 mA; VCg = 10 V; f = 800 MHz F typ. 7.4 d6 

MECHANICAL DATA Dimensions in mm 

TO-72 

~,6~ 
f 45° 

E 
m 

5.3n'°' 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

June 1968 

. 12 
7  
min , 

rzoe~io 



BF182 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter)_ 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

VCBO 

VCEO 

VEBO 

max. 25 V 

max. 20 V 

max. 3 V 

Currents 

Collector current (d.c.) IC max. 15 mA 

Collector current (peak value) ICM max. 15 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max . 150 mW 

Temperatures 

Storage temperature Tstg -65 to +175 °C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 1 oC/mW 

CHARACTERISTICS Tamb = 25 °C unless otherwise specified 

Base current 

typ. 100 µA 
-Ig = 2 mA; VCg = 10 V IB ~ 200 µA 

Emitter -base voltage 2)

-IE=2mA;VCB=10V 

Transition frequency 

IC=2mA;VCE=10V 

Feedback capacitance at f = 10.7 MHz 

IC=1mA;VCE=10V 

-VEB 

fT 

- Cre 

typ. 770 mV 

typ. 650 MHz 

typ. 330 fF 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) -Vgg decreases by about 1.6 mV/°C with increasing temperature. 

2 June 1968 



BF1$2 

i 

i 

>~ 

f 

CHARACTERISTICS (continued) 

Output conductance at f = 35 MHz 

-IE=2mA;VCB=10V 

Tamb = 25 °C unless otherwise specified 

Transducer gain at f = 900 MHz (common base) 1) 

-IE = 2 mA; VCg = 10 V 
GS = 20 mS2-1; GL, = 2 mS2-1

Max. unilateralised power gain 

GIJM - 
~ Yfb~ 2 

4 gibgob 

-IE = 2 mA; VCB = 10 V; f = 500 MHz 

-IE = 2 mA; VCB = 10 V ; f = 900 MHz 

Noise figure at optimum source admittance 

-IE =2mA;VCB=10V;f=200 MHz 

-Ig = 2 mA; VCg = 10 V; f = 800 MHz 

gob typ. g µ~-1 

> 8 dB 
Gtr typ. 10 dB 

GU M typ. 15 dB 

GU M typ. 11 dB 

F typ. 3.3 dB 

F typ. 7.4 dB 

1) Envelope connected to earth directly, lead length = 3 mm. 

June 1968 
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BF183 

U.Fi.F. SILICON PLANAR TRANSISTOR 

-P \transistor in a TO-72 metal envelope with insulated electrodes and a shield 
lead connected to the case. The BF 183 is primarily intended for application in in-
tegr-aed television tuners as local oscillator with excellent frequency stability. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max . 25 V 

Collector -emitter voltage (open base) VCEO max. 20 V 

Collector current (d.c.) IC max. 15 mA 

Total power dissipation up to Tamb - 25 °C Plot max. 150 mW 

junction temperature Tj max . 175 °C 

Transition frequency 

IC=3mA;VCE=10V fT typ. 800 MHz 

Max. unlilateralised power gain 

-IE = 3 mA; VCg = 10 V; f = 900 MHz GUM typ. 13 dB 

MECHANICAL DATA Dimensions in mm 

TO-72 

1,~6~+~ 45° e b E ~ 
~i 

'>> 1~ a~ x ~ ~l 
E 

 ~~ 
 I 

5.3"'°' ~ 

~1=shield lead (connected to case) 

Accessories available: 56246, 56263 

12 7min 
noeno 
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BF183 

RATINGS (Limiting values) 1 ) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 25 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. 15 mA 

Collector current (peak value) ICM max. t5 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to + 175 oC 

Junction temperature T~ max . 175 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth i-a = 1 ° C/mW 

1) Limiting values according to the Absolute Maximum Svstem as defined in IEC 
publication 134. 
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CHARACTERISTICS Tamb = 25 

Base-current 

oC unless otherwise specified 

typ. 125 µA 
-Ig = 3 mA; VCg = 10 V IB < 300 µA 

Emitter -base voltage i ) 

-VEg typ. 770 mV -Ig = 3 mA; VCB = 10 V 

Transition frequency 

fT typ. 800 MHz IC = 3 mA; VCg = 10 V 

Feedback capacitance at f = 10.7 MHz 

-C re typ. 330 fF IC = 1 mA; VCg = 10 V 

Transducer gain at f = 900 MHz (common base) 2) 

-Ig=3mA;VCB=10V 
> 8.5 dB 

GS =20mS2-1; GL=2mS2-1 Gtr typ. 12 dB 

Max. unilateralised power gain 

I Yfb 12 

GUM 4 gibgob 

-Ig = 3 mA; VCB = 10 V; : = 500 MHz GUM tYP• 16 dB 

-Ig = 3 mA; VCB = 10 V; f = 900 MHz GUM typ. 13 dB 

1) -VEB decreases by about 1.6 mV/oC with increasing temperature. 

2 ) Envelope connected to earth directly, lead length = 3 mm. 
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APPLICATION INFORMATION 

Oscillator circuit with simplified mixer stage 
oscillator mixer _ 
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APPLICATION INFORMATION bulletin available on request 
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BF184 

SILICON PLANAR EPITAXIAL TRANSISTOR 

I 
I 

i 
i 

N -P-N transistor in a TO-72 metal case with insulated electrodes and a shield 
lead connected to the case; the same transistor is available in lock-fit encap-
sulation under the type number BF 194. 
The BF 184 is intended for h.f. applications in radio and television receivers; 
it is especially recommended for f.m. tuners, low noise a.m. mixer-oscilla-
tors with high source impedance 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) VCBO max. 30 V 

Collector-emitter voltage (open base) VCEO max. 20 V 

Collector current (d. c.) IC max. 30 mA 

Total power dissipation up to Tam = 45 °C Ptot max. 145 mW 

Junction temperature 'I'J max. 175 oC

D.C. current gain at TJ = 25 ° C 

IC = 1 mA; VCE = 10 V hFE typ. 115 

Transition frequency 

IC=1mA;VCg=10V f7- typ. 300 ~QHz 

MECHANICAL DATA 

TO-72 
Insulated electrodes 

Dimensions in mm 

d 

.3max 12.7 min F

►+~ 9ZOB111 

1).shield lead (connected to case) 

Accessories available: 56246, 56263. 

FOR NEW DESIGN THE SUCCESSOR TYPES BF 194 OR BF254 ARE RECOMMENDED 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134" 

Voltages 

Collector-base voltage (open emitter) VCBO max. 30 V 

Collector-emitter voltage (open base) 
(See also sheet 4) VCEO max. 20 V 

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

Currents 

Collector current (d. c. ) 

Collector current (peak value) 

Power dissipation 

Total power dissipation up to Tamb = 45 ° C 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

IC 

1CM 

Ptot 

Tstg 

Tj

Rth j -a = 

max. 30 mA 

max. 30 mA 

max. 145 mW 

-65 to +175 ° C 

max. 175 ° C 

0.9 ° C/mW 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Base-emitter voltage 1) 

IC = 1 mA; VCE = 10 V VBE 0.65 to 0.74 V 
IC = 20 mA; VGE = 2 V VBg < 1.0 V 

Feedback capacitance at f = 0.45 MHz 

IC = 1 mA; VCE = 10 V -CYe typ. 0.65 pF 

D.C. current gain 

IC = 1 mA; VCE = 10 V 

Transition frequency 

IC = 1 mA; VCE = 10 V fT 
ry p. 

Conversion noise figure 

IC = 1 mA; VCE = 10 V 
GS = 0.6 mA/V ; f = 0.2 MHz Fc typ. 3 dB 

GS = 1.2 mA/V ; f = 1.0 MHz Fc typ. 2 dB 

hFE 
75 to 750 

typ. 115 

300 MHz 

1) VBE decreases with about 1.7 mV/°C at increasing temperature. 
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J BF185 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P-N transistor in a TO-72 metal case with insulated electrodes and a shield 

lead connected to the case; the same transistor is available in lock-fit encap-
sulation under the type number BF195. 
The BF185 is 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 carradios where a low noise figure at low source impedance is 

required. 

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.) IC max. 30 mA 

Total power dissipation up to Tamb = 45 °C Ptot max. 145 mW 

Junction temperature T~ max. 175 oC

D.C. current gain at T~ = 25 ° C 

IC = 1 mA; VCE = 10 V hFE typ. 67 

Transition frequency 

IC =1mA;VCE=10V f.I. typ. 220 MHz 

Noise figure at f = 100 MHz 

IC = 1mA;VCE = IOV;GS =lOmA/V F tYP 4 dB 

MECHANICAL DATA 

~16~ 
~ 45° TO -72 

a 
E 

~5.8'nQx ~ X5.3 x 

1).shield lead (connected to case) 

Accessories available: 56246, 56263. 

Dimensions in mm 

12 7 min 
~zoevn 

E 

~l0 

FOR NEW DESIGN THE SUCCESSOR TYPES BF 195 OR BF255 ARE RECOMMENDED 

June 1971 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 13• 

Voltages 

Collector -base voltage (open emitter) VCgp max. 30 V 

Collector-emitter voltage (open base) 
(See also sheet 8) VC EO max. 20 V 

Emitter -base voltage (open collector) VBBO max. 5 V 

Currents 

Collector current (d.c.) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tamb = 45 ° C Ptot max. 145 mW 

Temperatures 

Storage temperature Tstg —65 to +175 ° C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air. Rth j -a 0.9 ° C/mW 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Base-emitter voltage 1) 

IC = 1 mA; VCE = 10 V VgE 0.65 to 0.74 V 

IC = 20 mA; VCE = 2 V VBE < 1.0 V 

Feedback capacitance at f = 0.45 MHz 

IC = 1 mA; VCE = 10 V —CTe typ. 0.65 pF 

D.C. current gain 

IC = 1 mA; VCE = 10 V hFE 
34 to 140 

typ. 67 
Transition frequency 

IC = I mA; VCE = 10 V fZ. typ. 220 MHz 

1) VgE decreases with about 1.7 mV/°C at increasing temperature. 
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i 

r 
i 

CHARACTERISTICS (continued) Tj = 25 ° C unless otherwise specified 

Noise figure 

IC =1mA;VCE=10V 

f = 0.2 MHz; Gg = 5 mA/V F typ. 2 dB 

f = 1 MHz; GS = 20 mA/V F typ. 3.5 dB 

f = 100 MHz; GS = 10 mA/V F typ. 4 dB 

y parameters at f = 100 MHz (common base) 

-IE = 1 mA; VCg = 10 V 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

NOTE 

gib typ. 33 mA/V 

- Cib typ. 5.5 pF 

Yrb I tYP• 220 mA/V 

(P rb tYP• 273°

~yfb I typ. 33 mA/V 

(P fb tyP • 150°

gob tYP• 12 mA/V 

Cob typ. 1.5 pF 

All small signal quantities have been measured with a length of leads between 
the bottom of the transistor and measuring jig of 3 mm. 
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BF 194 

SILICON PLANAR EPITAXIAL TRANSISTOR 
N-P -N transistor in a plastic envelope with stiff, self-locking pins suitable for use 
with standard printed boards. 
The BF194 is 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 impedance 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.) 

VCBO 
VCEO 
IC 

max. 30 
max. 20 
max. 30 

V 
V 
mA 

Total power dissipation up to Tam = 25oC Ptot max. 250 mW 
Junction temperature TJ max. 125 oC 
D.C. current gain at TJ = 25 oC 

IC = 1 mA; VCE = 10 V hFE typ. 115 
Transition frequency 

IC = 1 mA; VCE = 10 V fT typ. 260 MHz 
Noise figure at f = 100 MHz 

IC = 1 mA; VCE = 10 V; GS = 10 mSt-1 F typ. 4 dB 
Conversion noise figure at f = 1 MHz 

IC = 1 mA; VCE = 10 V; Gg = 1.2 mS2 1 Fc typ. 2 dB 

MECHANICAL DATA Dimensions in mm 

The envelope fulfils the 
accelerated damp heat 
test described in IEC 
publication 68-2 (test D, 
severity IV, 6 cycles). 
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MOUNTING INSTRUCTIONS 

1. Thickness of printed board: max. 1.1 mm 
Hole diameter 0.77 to 0.83 mm 

2. Thickness of printed board: max. 1.7 mm 
Hole diameter 1.25 to 1.35 mm 

Bore plan 

~~~a a = 2.49 to 2.59 mm 
-~ — b = 5.03 to 5.13 mm 

NOTE 

For iron soldering or for dip soldering, the iron temperature or solder temper-
ature maygo up to 300 °C for a maximum of 3 seconds, with the transistor lock-
fitted on printed boards in either of the possible mounting positions. 

RATINGS Limiting values in accordance with the Absolute Maximum System 

Voltages 
(IEC 134) 

Collector-base voltage (open emitter) V CBO max. 30 V 

Collector-emitter voltage (open base) 
(See also page 4) VCEO max. 20 V 

Emitter -base voltage (open collector) V EBO max. 5 V 

Currents 

Collector current (d. c.) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 250 mW 

Temperatures 

Storage temperature Tstg -65 to +125 °C 

Junction temperature Tj max. 125 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 0.4 °C/mW 

i 

2 December 1968 
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CHARACTERISTICS 

Base -emitter voltage 1) 

IC =1mA; VCg= lOV 

Base current 

IC=1mA;VCE=10V 

Feedback capacitance at f = 0.45 MHz 

IC=1mA;VCE=10V 

Transition frequency 

IC =1mA;VCE=10V 

Noise figure 

IC =1mA;VCE=lOV 

GS= 2mS2-1;f=0.2MHz 

GS = 1.5 mS2'1; f = 1.0 MHz 

Gg = 10 mS2-1; f = 100 MHz 

Conversion noise figure 

IC=1mA;VCE=10V 

Gg = 0.6 mS2`1; f = 0.2 MHz 

GS = 1.2 mS2- l; f = 1.O MHz 

y parameters at f = 100 MHz (common base) 

IC = 1 mA; VCE = 10 V(lead length = 3 mm) 

Input conductance 
Input susceptance 
Feedback admittance 
Phase angle of feedback admittance 
Tranfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output susceptance 

y parameters (common emitter) 

IC = 1 mA; VCE = 10 V (lead length = 3 mm) f = 10.7 MHz 

Input conductance 

Output conductance 

gie 

goe 

VBE

T~ = 25 °C 

0.65 to 0.74 V 

4. 5 to 15 µA I 
13 tYP. 8.7 µA 

-Cre typ. 0.95 pF 

fT typ. 260 MHz 

F typ. 1.5 dB 

F typ. 1.2 dB 

F typ. 4 dB 

Fc typ. 3 dB 

Fc typ. 2 dB 

gib 
—bib 
~yrb~ 

tYP• 
tYP• 
n'P 

36 
3 

450 

mSl 1
mSl"1
µS2-1

'P rb 
yfb 

tYP• 
tYP 

272°
33 mSl-1

~Pfb 
gob 
bob 

tYP• 
tYP-
tYP 

146°
22 

1.1 
µ~

-1

mS2-1

f = 0.45 MHz 

< 0.64 

< 13.5 

0.54 mS2-1

11.5 µS2-1

1) VBE decreases by about 1.7 mV/oC with increasing temperature. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 
N -P-N transistor in a plastic envelope with stiff self-locking pins suitable for use 

with standard printed boards. 

The BF195 is 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 

carradios where a low noise figure at low source impedance is required. 

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.) IC max. 30 mA 
Total power dissipation up to'Ta~ = 25oC Ptot max. 250- mW 
Junction temperature T~ max. 125 oC 
D.C. current gain at TJJ- - 25 ° C 

IC = 1 mA; VCE = 10 V hFE 
` tYP. 67 

Transition frequency 
IC = 1 mA; VCE = 10 V fT typ: 200 ` MHz 

Noise figure 
IC=1mA;V~E=10V 
GS = 20 mSt— ; f = 1 MHz F typ. 3. 5 dB 
GS = 10 mS2-1; f = 100 MHz F ryp. 4 dB 

MECHANICAL DATA Dimensions in mm 

The envelope fulfils the 
accelerated damp heat 
test described in IEC 
publication 68-2 (test D, 
severity IV, 6 cycles). 

August 1970 1 
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MOUNTING INSTRUCTIONS 

1. Thickness of printed board: max. 1.1 mm 
Hole diameter 0.77 to 0.83 mm 

2. Thickness of printed board: max. 1.7 mm 
Hole diameter 1.25 to 1.35 mm 

Bore plan 
~~ 

~--~~ a = 2.49 to 2.59 mm 
-~— ~ b=5.03 to 5.13 mm 

NOTE 

For iron soldering or for dip soldering, the iron temperature or solder temper-
ature may goup to 300 ° C for a maximum of 3 seconds, with the transistor lock-
fitted on printed boards in either of the possible mounting positions. 

RATINGS Limiting values in accordance with 

Voltages 

the Absolute Maximum System 
(IEC 134) 

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. ) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tam = 25 oC Ptot max. 250 mW 

Temperatures 

Storage temperature ~'stg -65 to +125 °C 

Junction temperature Tj max. 125 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 0.4 ° C/mW 

r 2 December 1968 



BF 195 

r 
1 

f 
r 
1 

CHARACTERISTICS 

Base-emitter voltage 1) 

IC =1mA;VCE=10V 

Base current 

IC=1mA;VCE=10V 

Feedback capacitance at f = 0.45 MHz 

IC=1mA;VCE=10V 

Transition frequency 

IC=1mA;VCE =10V 

Noise figure 

IC=1mA;VCE=10V 

GS = 20 mS2-1; f = 1 MHz 

GS = 10 mS2-1; f = 100 MHz 

Conversion noise figure 

IC =1mA;VCg=10V 

GS=1.2mS2-1; f=0.2MHz 

Gg = 1.5 mS2-1; f = 1 MHz 

y parameters at f = 100 MHz (common base) 

IC = 1 mA; VCE = 10 V (lead length = 3 mm) 

Input conductance 
Input susceptance 
Feedback admittance 
Phase angle of feedback admittance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output susceptance 

VBE 

Ig 

- Cre 

fT 

T~ = 25 °C 

0.65 to 0.74 V 

8 to 28 µA 
typ. 15 µA 

typ. 0.95 pF 

typ. 200 MHz 

F typ. 3.5 dB 

F typ. 4 dB 

Fc typ. 4 dB 

Fc typ. 2.5 dB 

gib 
bib 

lyrbl 
'P rb 
~ yfb ~ 
'P fb 
gob 
bob 

typ 

tYP 
typ 

n'P 
typ 
typ 

tYP 
tYP 

y parameters (common emitter) 

IC = 1 mA; VCE = 10 V (lead length = 3 mm) f = 10.7 MHz 

~38 mS2-1
1 mS2-1

440 µS2-1
275°

34 mS2 1
140°

12 µSt
-1

1.1 mSE 1

f = 0.45 MHz 

~ Input conductance g1e < 0.96 0.86 mS2-1

Output conductance gOe < 9.5 7.0 µS2-1

1) VBE decreases by about 1.7 mV/oC with increasing temperature. 
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SILICON PLANAR TRANSISTOR 

N-P-N transistor in a plastic envelope with stiff self-locking pins suitable for use 

with Standard printed boards .The transistor 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) VCBO max. 40 V 

Collector -emitter voltage (open base) VCEO max. 30 V 

Collector current (d . c . ) IC max . 25 mA 

Total power dissipation up to Tamb - 25 oC Ptot max. 250 mW 

Junction temperature T~ max. 125 oC 

Transition frequency at f = 100 MHz 

IC=4mA;VCE=10V fT typ. 400 MHz 

Feedback capacitance at f = 10.7 MHz 
IC =1 mA;VCE =10V - Cre typ. 200 fF 

Max. unilateralised power gain 
IC = 4 mA; VC E = 10 V; f = 35 MHz GUM typ. 42 dB 

f = 45 MHz GUM typ. 39 dB 

Gain control range Gtr typ. 60 dB 

MECHANICAL DATA Dimensions in mm 

The envelope fulfils the 
accelerated damp heat 
test described in IEC 
publication 68-2 (test D, 
severity IV > 6 cycles). 

f 

M 
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BF 196 

MOUNTING INSTRUCTIONS 

` s 

1 . Thickness of printed board: max. 1.1 mm 
Hole diameter 0.77 to 0.83 mm 

2. Thickness of printed board: max. 1.7 mm 
Hole diameter 1 .25 to 1 .35 mm 

Bore plan 

b 
H~ 

~ —. 
~ ~a 

~ .~ 

a=2.49 to 2.59 mm 
b=5.03 to 5.13 mm 

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 Tamb = 25 oC 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

VCBO max. 40 V 

VCEO max. 30 V 2 ) 

VEBO max. 4 V 

IC max. 25 mA 

IC M max. 25 mA 

Ptot max. 250 mW 

Tstg -65 to +125 °C 

Tj max. 125 oC 

Rth j -a 0.4 oC/mW 

1) Limiting values according to the Absolute Maximum Sys[em as defined in IEC 

publication 134 . 

2) See also page 6 . 

2 August 1968 



BF 196 

CHARACTERISTICS 

Base current at about 50 dB gain control 

IC = 6mA;VCg=2V 

IC =15mA;VCg=SV 

Base current 

IC = 4 mA; VCg = 10 V 

Base -emitter voltage 1) 

IC = 4 mA; VCg = 10 V 

Feedback capacitance at f = 10.7 MHz 

IC= 1mA;VCg=10V 

Transition frequency  at f = 100 MHz 

IC =4mA;VCE =10V 

Tamb = 25 °C unless otherwise specified 

Ig 

IB

IB

< 270 µA 

< 1.5 mA 

typ. 60 µA 
< 150 µA 

typ. 750 mV 
VBB < 840 mV 

-Cre typ. 200 fF 

fT typ. 400 MHz 

Noise figure 

IC =4mA;VCg =10V 
Gg = 10 mS2 - 1; f = 35 MHz; BS = 0 F typ. 3 dB 

y parameters  (common emitter) 

IC = 4 mA; VCg = 10 V (mounted according to instruction 2, see page 2) 

f = 35 45 MHz 

Input conductance gie typ. 3.2 4.8 mS2- 1 

Input capacitance Cie typ . 37 35 pF 

Feedback admittance ~Yrel typ . 47 60 µS2-1

Phase angle of feedback admittance Pre typ. 2'68° 2680

Transfer admittance I yfe typ . 105 100 mS2-1

Phase angle of transfer admittance ~ fe typ. 340° 3400

Output conductance goe typ . 50 60 µS2-1

Output capacitance Coe. typ. 1.3 1.3 pF 

Maximum unilateralised power gain 

GUM dB) = 10 log IYfel2 

GUM tYP• 42 39 dB 

(in 
4 giegoe 

IC = 4 mA; VCg = 10 V 

1 ) Vgg decreases by about 1.7 mV/ 0C with increasing temperature. 
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BF 196 

Equivalent gain control transistor 

To ensure an almost constant input admittance and an outputconductance that varies 
little with gain control, we recommend that where a BF196 is used in again con-
trolled i.f. stage, a series base capacitor of 22 pF and a bias resistor of 1 kS2 be 
used. 

CB=22PF C' The transistor with these additional components is 
B'~---~ effectively an "equivalent transistor" for gain con-
ye, trol purposes, the signal handling capability of which 

may be expressed in terms of voltage. (Without these
~ components the varying input admittance means that 

~~/, f~ 1~ ~Zo%~ 
in termsaofhpower) 

capability can only be'expressed 
a.9.c. t~ 

The signal handling capability of the equivalent transistor as a function of OGtr (the 
reduction in transducer gain with gain control) will be found on pages 4 and 5. 

a. Voltage versus Gtr curves for a y distortion of 5°/-o are below. 
b. Voltage versus Gtr curves for an in -band cross modulation factor of 1~ are 

on page S. 

Graphs of the y -parameters are on pages 8 to 11. 

10 
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0.1 

7209623 
y distortion curves 
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disto'rtion 
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0.010 

10 
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1 

0.1 

20 40AGtr (d8)60 
0.010 

7209624 
- y distortion curves 

-VEE = 20 V 
.. Rg+RC = 1 l32 
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BF 196 

Voltage control; —Vgg = 25 V; Rg + RC = 3.9 kSl; 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). 

Y 

7 

8 August 1968 



BF196 

Voltage control; -VLg = 25 V; Rg + RC = 3.9 kSt; 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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Current control;  -VEE = 20 V; RE + RC = 1 kSZ; 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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103

Current control;  —VEE = 20 V; RE + RC = 1 kSt; 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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BF 196 

APPLICATION INFORMATION 

First stage of an i.f. amplifier 1) 

Basic circuit with voltage gain control: RE + RC = 3.9 kS2; 
current gain control: Rg + RC = 1 kSt; 

R5= 
70,(L 

tOpF 

2.1NH~ 062YH 

1 
22pF TOOpF 

.... 
IOnF 

—SEE 

Transducer gain 

~zoseoa 

RL= 
50,t1. 

Gtr (in dB) = 10 lag 
output power in load RL 

available power from source RS 

f = 36.4 MHz; IC = 4 mA; Rg+RC = 3.9 kS2; —Vgg = 25 V Gtr typ. 25.5 dB 

Gain control range (see also upper graphs next page) Gtr typ. 60 dB 

1) Application information bulletins are available on request. 
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BF197 

SILICON PLANAR TRANSISTOR 

N -P-N transistor in a plastic envelope with stiff self-locking pins suitable for use 

with standard printed boards. 

The BF197 has a very low feedback capacitance and is intended for use in the output 

stage of a television video i.f. amplifier. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) VCgO max. 25 V 

Collector current (d.c.) IC max. 25 mA 

Total power dissipation up to Tamb = 25 oC Ptot max. 250 mW 

Junction temperature T~ :nax. 125 °C 

Transition frequency at f = 100 MHz 

IC = 5 mA; VCE = 10 V fT typ. 550 MHz 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCg = 10 V -Cre typ. 300 fF 

Max. unilateralised power gain 

IC = 7 mA; VCg = 10 V; f = 35 MHz GUM typ. 43 dB 

f = 45 MHz GUM typ. 41 dB 

Video detector output voltage VO typ. 7.7 V 

MECHANICAL DATA Dimensions in mm 

The envelope fulfils the 

accelerated damp heat 

test described in IEC 

publication 68-2 (test D, 

severity IV, 6 cycles). 
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MOUNTING INSTRUCTIONS 

1. Thickness of printed board: max. 1.1 mm 
Hots diameter 0.77 to 0.83 mm 

2. Thickness of printed board: max. 1.7 mm 
Hole diameter 1.25 to 1.35 mm 

Bore plan 

Fes- b y1 
-~ --~-~ 

a 
_~.—. 

a=2.49 to 2.59 mm 
b=5.03 to 5.13 mm 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) VCEO max. 25 V 2 ) 

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 Tamb = 25 oC Ptot max. 250 mW 

Temperatures 

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 0.4 oC/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) See also page 4. 

2 August 1968 



BF197 

CHARACTERISTICS Z'amb = 25 °C unless otherwise specified 

Base current 

I 7 mA; VCg = 10 V I 
typ. 60 µA 

C B < 185 µA 

Base -emitter voltage 1) 

I 7 mA; VCg = 10 V VBg 
typ. 750 mV 

C < 900 mV 

Feedback capacitance at f = 10.7 MHz 

IC=1 mA;VCg=10V 

Transition frequency  at f = 100 MHz 

IC =SmA;VCg=10V 

—Cre 

fT 

typ. 300 fF 

typ. 550 MHz 

y parameters (common emitter) 

IC = 7 mA; VCg = 10 V (mounted according to instruction 2, see page 2) 

f = 35 45 MHz 

Input conductance gie typ. 4.5 5.5 mS2-1

Input capacitance Cie typ. 45 45 pF 

Feedback admittance ~ Yre ~ typ. 67 86 µS2-1

Phase angle of feedback admittance ~ re typ. 268° 2680

Transfer admittance Yfe typ. 170 155 mS2-1

Phase angle of transfer admittance ~fe typ. 3380 335° 

Output conductance goe typ. 85 95 µS2-1

Output capacitance Coe typ. 1 .8 1.8 pF 

Maximum unilateralised power gain 

2 
GUM (in dB) = 10 log Yfe 

4 giegoe 

IC =7mA;VCg=10V GUM tYP • 43 41 dB 

1) Vgg decreases by about 1.7 mV/°C with increasing temperature. 
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APPLICATION INFORMATION 

100 

10 
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Tamb= 25°C 

10 I~ (m A) 100 

Output stage of a television video i.f. amplifier with the BF197 transistor, follows 
by a video detector circuit. 1) 

BF197
15pF E.BoF t00pF 

1) Application information bulletins are available on request. 

OA90 
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APPLICATION INFORMATION {continued) 

Video detector output voltage at f = 38.9 MHz 1) 

IC=7.2mA;VCg=16.6V Vp 

Transducer gain  at f = 36.4 MHz 

Gtr (in dB) = 10 log 
output power in toad RL 

available power from source with RS 

IG=7.2mA;VCE=16.6V 

Tuning frequency for all tuned circuits is 37 MHz 

Gtr 

> 6 V 
typ . 7.7 V 

typ. 25.5 dB 

1) The output voltage VO is defined as the voltage across the 2.7 kS2 detector load 
RL, for 30°/-o synchronisation pulse compression. 

7209591 
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SILICON PLANAR TRANSISTOR 

N -P-N transistor in a plastic e>>velope. 
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) VCBO max. 40 V 

Collector-emitter voltage (open base) VCEO max. 30 V 

Collector current (d. c.) IC max. 25 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max. 500 mW 

Junction temperature TJ max. 150 oC 

Transition frequency at f = 100 MHz 
IC = 4 mA; VCE = 10 V f-r typ. 400 MHz 

Feedback capacitance at f = 10. 7 MHz 
IC = 1 mA; VCE = 10 V —CTe typ. 200 fF 

Max. unilateralized power gain 
IC = 4 mA; VCE = 10 V; f = 35 MHz GUM typ. 42 dB 

f = 45 MHz GLJM typ. 39 dB 

Gain control range OGtr tYP• 60 dB 

MECHANICAL DATA 

1 
4.8 

max 

1 

~- 5.2max ~ ~ 12.7 min 

Dimensions in mm 

diameter within 2max~ 
is uncorrtrolled +'15 

+ 0.48 
} max 

~ 0.75 

~ 7Zfi0779 
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BF198 

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

Voltages 

Collector-base voltage (open emitter) VCBO max. 40 V 

Collector-emitter voltage (open base) VCEO max. 30 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 Tam = 25 °C Ptot max. 500 mW 

Temperatures 

Storage temperature Tstg —65 to +150 °C 

Junction temperature Tj max. 150 °C 

THERMAL RESISTANCE 

From junction to ambient in free air R~ j_a = 0.25 °C/mW 

1) See also page 6. 
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BF198 

CHARACTERISTICS 

Base current at about 50 dB gain control 

Tam = 25 ° C unless otherwise specified 

IC = 6mA;VCE =2V IB < 270 µA 

IC =15mA;VCE=SV IB < 1.5 mA 

Base current 

IC= 4mA;VCE=10V Ig h'P 60 
150 

µA 
µA 

Base-emitter voltage 1) 

IC= 4mA;VCE=10V VBE 
tYP• 760 

850 
mV 
mV 

Feedback capacitance at f = 10. 7 MHz 

IC= 1mA;VCE =10V —Cre tYP• 200 fF 

Transition frequency at f = 100 MHz 

IC= 4mA;VCE =lOV fT tYP• 400 MHz 

Noise figure 

IC= 4mA;VCE =10V 
GS = 10 mA/V; f = 35 MHz: BS = 0 

y parameters (common emitter) 

F n'P• 3 dB 

IC = 4mA;VCE =10V 

f = 35 45 MHz 

Input conductance gie ryp. 3. 2 4. 8 mA/V 

Input capacitance Cie typ. 37 35 pF 

Feedback admittance ~Yrel typ. 47 60 µA/V 

Phase angle of feedback admittance ire typ. 268° 268° 

Transfer admittance IYfel typ. 105 100 mA/V 

Phase angle of transfer admittance ~ fe typ. 3400 3400

Output conductance goe typ. 50 60 µA/V 

Output capacitance Coe tYP• 1.3 1.3 pF 

Maximum unilateralized power gain 

G dB) 10 log ~Yfe~ 2 
, (in = LM 4giegoe 

IC = 4mA;VCE =10V CUM n'P • 42 39 dB 

1) VBE decreases by about 1. 7 mV/0C with increasing temperature. 
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BF198 

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 kS2 be 

used. 

]263010 
in terms of power). 

The signal handling capability of the equivalent transistor as a function of Gtr (the 
reduction in transducer gain with 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. 
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(V) 
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0.1 

0.010

Ca=22pF ~ ~ u The transistor with these additional components is 
9 ~ ~~ effectively an "equivalent transistor" for gain con- 

Rfi= trol purposes, the signal handling capability of which 
tk11 may be expressed in terms of voltage. (Without these 

components the varying input admittance means that 
°•9•~• E the signal handling capability can only be expressed 

7209623 
ry distortion curves 
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BF198 
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BF198 

Voltage control; —VgE = 25 V; RE + RC = 3.9 kS2; f = 35 MHz 
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base resistor as shown on page 4 (dashed curves apply to the transistor only). 

8 June 1971 



BF198 

103

~yfe~ 

(mA~V) 

102 

10 

10
-1

Voltage control; —Vgg = 25 V; Rg + RC = 3.9 1cS2; f = 35 MHz 

7Z09•~7 

104

9oe 

(NAjV) 

103

10 

10 

111111111111111111111111111111 iiiii ii~ii iiiii iini iiiii iiiii 
~~~~~~~~~~~~~i~~~~~~~~~~1~~~~~ 

IIIR111111:1111111111111111111 

~~~~~~~~1~~~~~~~~~~~~~~~~~~~~~ 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

..~~ per ~ 

111111111111111111111111111111 

""I'll"II""tl'I""I'Il'~ 
10 VIE (V) 15 

7209 09 
::: 

IIIIi1111111111111111111111H1 
Illll~~lllllllllllllllnllnq 
 z.,,... 
~~~~~~~\\~~~~N ~~\~~~N~~~~~\~ 
~~~~~~~~~~~~~~9: !v9~N~~~~~~~ 
111111111~11111l11111111111111 

I"II11"'~~11"I"'I~II"II 

~~~~~~~~~~~~~~~~~~~~~~u~~n~~ 
IIIIIIIIIIIIIIIIIIIIIIp111111 iiiiiiiiiiii~iiiiiiiimiiiiii 
~~~~~t~~~~~~~~~■\~~~~H~~~~~~~ ~~~u~~~~~~~~~~~n~~x~~~x~~ 
IIIIIIIIIIIIIIIIIIN~N111 

Illll 11111 11111 lnn~nnl 
0 5 10 V~E(V) 15 

600 

~fe 
(o) 

400 

Zoo 

7209610 

.'' 

00

3 

doe 

{pF) 

2 

1 

5 V0~ (V) W 

7209608 

~~1~~~~~~~~~~~~~~~~~~ 

■~~■■a~■ice■■~~■■■~■~ 

■■■■■■■■■■■■■■■■■■■■ 

00
5 VIE (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). 

June 1971 



BF198 

Current control; -Vgg = 20 V; Rg + RC = 1 kS2; f = 35 MHz 
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BF198 

APPLICATION INFORMATION 

First stage of an i. f. amplifier 

Basic circuit with voltage gain control: RE + RG = 3. 9 kn; —Vgg = 25 V 

~~ 

R5= 
~o.n. 

O 

tOpF 
o ~ 

2.1NH 

1 TOOpF 

ITTT/, 

current gain control: RR + RC = 

~ BF198 ~ 
I CB ~ I 

I22p ~ 1 I
0.62NH 

I 
I 

22pF 

IOnF 

R 

J 

IOnF 

8.2p F 

3pF 

~~ ~ 

Q66NH 

33pF 

82pFT 

T 

T 
O 

Vo9~ 
O 

~~E E 

Transducer fain 
output power in load RL 

Gtr (in dB) = 10 log 
available power from source RS 

~zszozz 

R~_ 
5041, 

f = 36.4 MHz; IC = 4 mA; Rg + RC = 3. 9 k.<2; —VFE = 25 V Gtr typ. 25.5 dB 

Gain control range (see also upper graphs next page) ,Gtr typ. 60 dB 

12 June 1971 



BF198 

Voltage gain control 
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BF199 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in a plastic envelope. 
The BF 199 has a very low feedback capacitance and is intended for use in the output 
stage of a television video i. f. amplifier. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCgp ' max. 40 V 

Collector-emitter voltage (open base) VCEO max. 25 V 

Collector current (d. c.) IC max. 25 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max. 500 mW 

Junction temperature T~ max. 150 ° C 

Transition frequency at f = 100 MHz 
IC = 5 mA; VCE = 10 V fT typ. 550 MHz 

Feedback capacitance at f = 10.7 MHz 
IC = 1 mA; VCE = 10 V —CTe typ. 300 fF 

Max. unilateralized power gain 
IC = 7 mA; VCE = 10 V; f = 35 MHz GUM typ. 43 dB 

f = 45 MHz GUM typ. 41 dB 

Video detector output voltage Vp typ. 7.7 V 

MECHANICAL DATA 

f 
4.8 

max 

1 

i 

2.54 

4.2 ~ max 
t.6 t 5.2max —►I~ 

Dimensions in mm 

12.7 min  ► 

0.65 diameterwithin2max J~ max is uncorrtrolled '~ 

+ 0.48 
~ max 

.- o.7s 
y  ~ 5 f  7260779 
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BF199 

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

Voltages 

Collector -base voltage (open emitter) VCBO 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 t~ 

C ~_ 
Total power dissipation up to Tamb = 25 ° C Ptot max. 500 mW 

Temperatures 

Storage temperature Tstg —65 to+150 °C 

Junction temperature Tj max. 150 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0, 25 °C/mW 

1) See also page 4 
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BF199 

CHARACTERISTICS Tamb = 25 °C unless otherwise specified 

Base current 
typ. 60 NA 

IC = 7 mA; VCg = 10 V Ig ~ 185 NA 

Base -emitter voltage 1) 

IC = 7 mA; VCg = 10 V VBE 
typ. 775 mV 
< 925 mV 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCg = ~0 V —CTe typ. 300 fF 

Transition frequency at f = 100 M 

IC=SmA;VCg=10V 

y parameters (common emitter) 

IC = 7 mA; VCg = 10 V 

z 

fT typ. 550 MHz 

f = 35 45 MHz 

Input conductance g1e typ. 4.5 5.5 mA/V 

Input capacitance C1e typ. 45 45 pF 

Feedback admitance ~Yre~ typ. 67 86 NA/V 

Phase angle of feedback admittance cp Te typ. 268°  268° 

Transfer admitance IYfe~ typ. 170 155 mA/V 

Phase angle of transfer admittance cp fe typ. 338°  335°

Output conductance gOe typ. 85 95 NA/V 

Output capacitance COe typ. 1. 8 1. 8 pF 

Maximum unilateralized power gain 

G~ (in dB) = 10 log ~yfel 2 

4giegoe 

IG = 7 mA; VCE = 10 V G~ typ. 43 

1) VgE decreases by about 1.7 mV/°C with increasing temperature. 

41 dB 
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BF199 2.2pF OA90
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APPLICATION INFORMATION 
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Output stage of television video i. f. amplifier «pith the Br 199 transistor, followed 
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f 
I 

APPLICATION INFORMATION (continued) 

Video detector output voltage at f = 38.9 MHz 

IC=7.2mA;VCg=16.6V 

Transducer gain  at f = 36.4 MHz 

Gtr (in dB) = 10 log 

1) 

output power in load RL 

available power from source with RS 

IC=7.2mA;VCg=16.6V 

Tuning frequency for all tuned circuits is 37 MHz 

1) 

Vo 

Gtr 

6 ~' 
typ. 7. 7 V 

tYP• 25.5 dB 

The output voltage V~ is difined as the voltage across the 2.7 kS2 detector load 
RL for 30~ synchronisation pulse compression. 

7209591 
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page 6 
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see circuit on 
page 6 
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TO-72 

SILICON PLANAR TRANSISTOR 

N -P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield 
lead connected to the case. The BF200 is primarily intended for application in a for-
ward gain controlled pre -amplifier in v.h.f. television tuners and f.m. tuners. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 30 V 

Collector -emitter voltage (open base) VCI✓0 max. ')0 V 

Collector current (d.c.) IC . max. 20 mA 

Total power dissipation up to Tamb = 25 oC Ptot max. 150 mW 

Junction temperature T~ max. 175 oC 

Transition frequency 

-IE = 3 mA; VCg = 10 V fT typ. 650 MHz 

Max. unilateralised power gain 

-Ig=3mA;VCg=lOV;f= 50 MHz GUM typ. 30 dB 

f = 200 MHz GUM tYP• 22 dB 

Noise figure at optimum source admittance 

-IE =2mA;VCg=10V; f=100 MHz F typ. 2 dB 

-Ig = 3 mA; VCg = 10 V; f = 200 MHz F typ. 2.7 dB 

MECHANICAL DATA 

~,~6~ +145° 

i~~ \ 

1) 
C ~ L.b4 I 

5.8"'°" ~ 

E 

Dimensions in mm 
0 
E 
aD 

O 

 ~~ 

~5.3"'°"~  12,7 min 

rzanm 

~)=shield lead (connected to case) 

Accessories available: 56246, 562.63 
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BF200 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) VCpO max. 30 V 

Collector -emitter voltage (open base) VCEO max. 20 V 

Collector -emitter voltage (RgE 5 1 kS2) VCER max. 30 V 

Emitter -base voltage (open collector) VEBO max. 3 V 

Currents 

Collector current (d.c.) IC max. 20 mA 

Collector current (peak value) ICM max. 20 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 oC Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +175 °C 

Junction temperature Tj max. 175 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 1 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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I a i 

CHARACTERISTICS 

Base current 

~'amb= 25 °C unless otherwise specified 

typ. 100 µA 
IB < 200 µA -IE = 3 mA; VCB = 10 V 

-IE = 12 mA; VCg = 7 V Ig < 2.2 mA 

Emitter -base voltage 

-VEg typ. 0.75 V -IE = 3mA;VCB=10V 

-IE=12mA;VCB= 7V -VEB < 1.0 V 

Transition frequency 

fT typ. 650 MHz -IE = 3 mA; VCB = 10 V 

Feedback capacitance at f = 10.7 MHz 

IC = 1 mA; VCE = 10 V -CYe typ. 280 fF 1) 

Noise figure at optimum source admittance 

F typ. 1.9 dB -IE = 3 mA; VCg = 10 V; f = 50 MHz 

f = 200 MHz F typ. 2.7 dB 

-IE = 2 mA; VCB = 10 V; f = 100 MHz F typ. 2.0 dB 

Maximum unilateralised power gain 2) 

_ I Yfb 12 

GUM typ. 30 dB 

GUM 
4 gibgob 

_IE _ 3mA;VCg=lOV;f= 50 MHz 

f = 200 MHz GUM tYP • 22 dB 

-IE _ 2 mA; VCg = 10 V ; f = 100 MHz GUM tYP• 28 dB 

1) 1 fF = 1 femtofarad = 10 -15 F. 

2) Common base configuration, metal envelope connected to earth directly, external 
lead length = 3 mm. 
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CHARACTERISTICS (continued) 

y parameters at f = 100 MHz (common 

IC =2mA;VCg=10V 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

Tamb 

emitter) 

y parameters at f = 50 MHz (common base) 

-Ig=3mA;VCg=10V 

Input conductance 

Input susceptance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output susceptance 

y parameters at f = 200 MHz (common base) 

-Ig=3mA;VCg=10V 

Input conductance 

Input susceptance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output susceptance 

25 oC unless otherwise specified 

gie CYP• 5 mS2-1

C1e typ. 16 pF 

~ Yre ~ typ. 0.16 mS2-1

~p re CYP • 270° 

~ Yfe ~ typ. 56 mS2-1

~ fe typ. 340°

goe CYP• 15 µS2- i 

COe typ. 0.9 pF 

gib 

-bib 

~Yrb~ 

~ rb 

~ Yfb I 

~ fb 

gob 

bob 

typ. 85 mS2-1

typ. 15 mS2-1

typ. 55 µS2 -1

typ . 270 ° 

typ. 85 mS2-1

typ. 165° 

typ. 15 µS2 -1

typ. 280 µS2-1

gib CYP• 62 mS2-1

- bib CYP• 38 mS2-1

I Yrb I typ. 180 µS2-1

cp rb CYP• 270°

I Yfb I CYP• 70 mS2-1

'Pfb typ. 145°

gob typ. 150 µS2-1

bob CYP• 1.1 mS2-1
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circles of constant noise figure 
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6 

F 

(d B) 

4 

2 

0 

7207931 

typical noise fiigure at optimum source admittance-
yg optimum at 
50MHz: 1(7—j1)mdli 
100MHz: (8 — j2)m.f1 ~ —IF 3 = mA 
200MHz: (11— j3)m.f11 VCg= 10V 

Tamb=25°C 

10 100 f (MHz) 1C 

050

20 

40 

—bib 

(m.fL 1) 

60 

~~~ 

70 gi. (md11) 90 

~P 

200MHz 

56 
MHz 

OOMHz 

typical values 
VCB =10V 

Tamb =25°C 
lead length=3mm ~-

1500 

1000 

500 

7207933 

00 

typical values 
VCg =10V 

Tamb = 25°C  
lead length = 3mm 

200 
MHz 

 P 
~~ 

100MHz 
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0 
0 100 9ob(p'n ' 1) 200 
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~fb 

165° ~ ~j~~/'~~~, ~ 
~ ~I~~~~~~II~/l, 

180° 
100 75 

7207937 
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""1111' 
'1"1"1~~~~~~,~., ~I 

~ '11~~ ~~~~~~~~~4`..~i~~il~h 
195 ~~~~"``"```~` a~a~`~~~~Q 50 M Hz 

`~~~ 100MHz 
210°~ `` 

`~~~~ ~-~i  % ~ ~~~I 
225° ` `=-~  ~ 315° ~~ / ~` 

7207936 
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105 ~~,~~~ 

135° ~''~' 
1 

~~_ 
150° ~ ~~d`P ~' 

,'' ~ ~~ 
' ~ .Z ~ ~_~ ~-~ ~ ~~ 

~is ~` ~ ~ 
z ~ ~~~~~~ 
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? \` 60~ 

° ,~~_ ~~ 45 
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VCB =10V 
Tamb= 25°C 
lead length=3mm 
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0 

200
360° 
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rb 
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7209919 

40 
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(V~ 

30 
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10 

00.1 

Mazlmum allowable collector -emitter voltage (with resistance  
between base and emitter and IC = 2 mA) versus the base 
resistance applied. 

The same curves apply to i and i when external capac 
itances are used 

Cg Cg 

ARE=1kSL  
00.(L  

- I~=2mA'~ 

- r--- 
i 
i 
i 

• 
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- T 
~ 

- 1 
~_.._ 

-' 

. 

' 1 
TCE  
' 

•  
Tj up to 175°C 

1 10 (ktfL) 100 
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APPLICATION INFORMATION 

1. R.F. stage for v.h.f. television tuner 

0.193µH 

C4 

Band IIi 

G~.1m.(1 ~ 

Resistors R1 and R2 should be chosen so that the 3 dB bandwidth of the unloaded 
input circuit ~s 3.0 MHz with the aerial and transistor input terminals short-cir-

cuited. 

Inductors L3 and L5 to be selected for each channel. 

PERFORMANCE at Tamb = 25 oC (see circuit above) 

Transducer gain 

_ output power in load GL 
Gtr available power from aerial 

-Ig = 3 mA; f = 50 MHz Gtr typ. 13 dB 

-Ig = 3 mA; f = 200 MHz Gtr typ. 13 dB 

Noise figure 

f = 50 MHz F typ. 4.9 dB 

f = 200 MHz F typ. 5.2 dB 

Voltage standing wave ratio over the entired 
gain control range, measured at the vision 

carrier frequency V.S.W.R. < 4 
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APPLICATION INFORMATION (continued) 

Signal -handling capability (see next page) 

In-channel cross-modulation curves of the tuner (see upper graphs); showing the 
interfering signal e.m.f. (in a 300 S2 aerial) that will cause across -modulation 
factor of 1~ (K), plotted against Gtr, the reduction in transducer gain caused by 
gain control. The broken lines indicate the signal level, assuming that gain control 
starts when desired aerial signal reaches 2 mV. 

Measuring conditions 

Desired signal at vision carrier frequency and interference signal at sound carrier 
frequency. Interference signal modulated with 4 kHz (modulation depth 1000. 

In-band cross-modulation curves of the tuner; showing the interfering signal e.m.f. 
(in a 300 52 aerial) that will cause across -modulation factor of 1~ (K), plotted 
against Gtr, the reduction in transducer gain caused by gain control. 

Measuring conditions 

Desired signal at the vision carrier frequency and interference signal, 14 MHz 
above the desired signal. Interference signal modulated with 4 kHz (modulation 
depth 100afo). 

APPLICATION INFORMATION bulletins available on request 

7207923 

vs-2sv 
Rg + 

Tamb 
lead length 
see also 

RC 
= 25 

circuit 

= 1500 
°C 
= 3 

R 

mm 
a page 9 

20 
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(d B) 

.~! 
0 ■"=-

~~~~~~~~~~~~~~i~  
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~::: -40 
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20 
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0 
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40 

7207922 ■ 
-vs=lzv 
Rg + RC = 390 S2 

Tamb = 25 oC 
lead length = 3 mm 
see also circuit a page 9 
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 ~ -/ 
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i 
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APPLICATION INFORMATION (continued) 

1•

t 

i 

f 

f 

10000 

Vint 
(mV) 

1000 

100 

,0 

1000 

Vlnt 
(mV) 

7207925 
I I I I t i l t l l l 
In-channel cross-
modulation curves 
-Vg=12V 
Rg + RC = 390 S2 
-Vg = 25 V 
Rg + AC = 1800 S2 

Tamb = 25 oC 
see also circuit on page 9 

channel2 

K .1% , 

1000 

100 

10 

—25 Gtr (d B) 75 

7zo7sz7 
I f l l t l I I I I I 
In-band cross-
modulation curves 
-Vg=12V 
Rg + R~ = 390 R 
-VS = 25 V 
RE +RC=18008 

Tamb = 25 oC 
see also circuit on page 9 

channel 2 

K.1%  

0 —25 Gtr (d8)-75 

10000 

Vlnt 

(mV) 

1000 
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10 

7Z 079 24 
I I I I i l 1 1 1 i i 
In-channel cross-
modulation curves 
-Vg=12V 
RR + RC = 390 R 
-VS = 25 V 
Rg + AC = 1800 S2 

Tamb = 25 oC 
see also circuit on page 9 
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I I l i I I 
In-band ctoss-
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Rg + RC = 390 S2 
-Vg=25V 
Rg + R~ = 1800 S2 

Tamb ` 25 oC 
see also circuit on page 9 
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APPLICATION INFORMATION (continued) 
curves of constant gain reduction 
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APPLICATION INFORMATION (continued) 

2. F.M. tuner with a BF200 in the pre -amplifier stage. 

Coil data: 

Ll = 4 turns enamelled Cu wire (1 mm); int, uiam. 8 mm;windingpitch2mm;air; 
QO = 200; QL = 50 

L2 = 22 turns closely wound enamelled Cu wire(0.2 mm); int, diam. 4 mm; QO = 150 
L3 = 4 turns enamelled Cu wire (1 mm); int. diam. 8 mm;windingpitch2mm;air; 

mixer base tap 3/4 turns from earth -side; Qp = 200; QL = 100 
L4 = 4.5 turns enamelled Cu wire (1 mm); int. diam. 8 mm;winding pitch 2 mm; air; 

oscillator collector tap 3.5 turns from earth -side; QO = 200 

L5 = 11 turns enamelled Cu wire (0.2 mm ); winding pitch 0.4 mm; QO = 150 
Coil former AP3016/02 Ferroxcube core 3122 104 93041 
Can AP3015/02 Ferroxcube frame AP3014/02 
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APPLICATION INFORMATION (continued) 

Typical performance of the f.m. tuner  at Tam = 25 oC; f = 98 MHz (oscillator fre-

quency lower than tuning frequency) 

Noise figure 
output power in load 

Transducer gain Gtr = available power from source 
Image rejection 
Double beat suppression (VS = 1µV; emf; RS = 50 S2) 
Repeat spot suppression (VS = 1µV; emf; RS = 50 S2) 
Oscillator frequency variation at ~VB = 2 V 
Signal handling for ~ fosc = 20 kHz (emf; RS = 50 S2) 

90 

(dB) 

80 

70 

60 

Double beat suppression 

noaa9s 

gyp

10 100 

90 

(d8) 

80 

70 

60 

F 

Gtr 

~ fosc 

dB 

33 dB 

65 dB 
85 dB 
87 dB 

< 20 kHz 

> 1 V 

4.5 

Repeat spot suppression 

~zoeas~ 

typ

10 100 
Vg (emf; Rg =50~fL)NV 

Spurious response suppression 

Tuner adjusted to f = 98 MHz. 

Reference level of wanted source signal: 8 µV (emf; RS = 50 S2) = 0 dB. 

0 

20 

40 

60 
(dB) 

80 

7208298 

0 
~ ~ ~

50 
1 ~~ 

100 
.1. , 

150 200 
f(MHz3 
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BF254 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic envelope. 

The BF254 is 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 impedance 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) VCB~ max. 30 V 

Collector -emitter voltage (open base) VCEO max. 20 V 

Collector current (d.c.) IC max. 30 mA 

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

Junction temperature 

D.C. current gain at TJ = 25 oC 
IC = 1 mA; VCE = IO V 

Transition frequency at f = 35 MHz 

IC = 1 mA; VCg = 10 V 

Noise figure at f = 100 MHz 
IC = 1 mA; VCE = 10 V; GS = 10 mS2-1

Conversion noise figure at f = 1 MHz 
IC = 1 mA; VCg = 10 V; Gg = 1.2 mS2- I 

TJ

hgE 

fT

F 

Fc

max. 

typ. 

typ. 

typ. 

typ. 

125 

115 

260 

4 

2 

°C 

MHz 

dB 

dB 

MECHANICAL DATA Dimensions in mrrm 

diameter within 2'"°" E 

is uncontrolled ~ 
o~ 

~5.2max  . 12.7 min 

9ZOBZ90 ' 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

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) V EBO max, ~ V 

Currents 

Collector current (d.c.) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tamb - 25 oC Ptot max. 300 mW 

Temperatures 

Storage temperature Tstg -65 to +125 °C 

Junction temperature Tj max. 125 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth i-a = 0.33 oC/mW 

2 December 1958 
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CHARACTERISTICS T~ = 25 °C 

Base -emitter voltage 1) 

IC = 1 mA; VCg = 10 V VBE 0.65 to 0.74 V 

Base current 
typ. 8.7 µA 

IC = 1 mA; VCg = 10 V IB 
4.5 to 15 µA 

Feedback capacitance  at f = 0.45 MHz 

IC = 1 mA; VCg = 10 V -Cre typ. 0.85 pF 

Transition frequency at f = 35 MHz 

IC = 1 mA; VCg = 10 V fT typ. 260 MHz 

Noise figure 

IC =1mA;VCg=10V 

GS = 2 mS2-1; f = 0,2 MHz F typ. 1.5 dB 

GS = 1.5 mS2-1; f = 1.0 MHz F typ. 1.2 dB 

GS = 10 mS2-1; f = 100 MHz F typ. 4 dB 

Conversion noise figure 

IC =1mA;VCg=10V 

GS = 0.6 mS2- l; f = 0,2 MHz Fc typ. 3 dB 

Gg = 1.2 mS2-1; f = 1.0 MHz Fc typ, 2 dB 

y parameters at f = 100 MHz (common base) 

IC = 1 mA; VCg = 10 V (lead length = 3 mm) 

Input conductance 
Inputsusceptance 

Feedback admittance 
Phase angle of feedback admittance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output susceptance 

y parameters (common emitter) 

IC = 1 mA; VCg = 10 V (lead length = 3 mm) f = 10.7 MHz 

Input conductance g1e < 0,64 

Output conductance gOe < 13.5 

Sib 
- bib 

~yrb~ 
Wrb 

~yfb 
Wfb 

Sob 
bob 

typ. 36 mS2-1
typ. 3 inS2-1
typ. 410 µS2-1
typ. 272° 
typ, 33 mS2-1
typ. 146°

typ. 22 µS2-1

typ. 1.1 mS2-1

f = 0.45 MHz 

1 ) Vgg decreases by about 1.7 mV/oC with increasing temperature. 

0.54 mS2-1

11.5 µS2-1

December 1968 3 



BF254 

7zoez2e 

40 

VCER 
(V) 

30 

20 

to 

00.1 

30 

IC 

(mA) 

20 

10 

Maximurn allowable collector-emitter voltage (with resistance  
between base and emitter and IC = 2mA) versus the base  
resistance applied 

The to WCg W CE, same curve applies and when external 

capacitances are used. 

R  
Up to  

IC=2mA~— 
 /k 

'2

VCER r _ ~~ 

I 

Tg' . ~ iE  
' T ~ 

~-
Tj• up to 125°C 

1 

7208628 

0 
0 

base-emitter volt---( 
age versus collec-  ~*'  ~ 
for current  a, o' 
VC E = 2V  E E,I—
T) .25°C ~ 

r 
I 
f 

I 

I 
f 
1 

r ' 

~ I 

I ~ 
1 r 
I ! 

~ J 
05 VgE (V) 1 

10 

40 

IC

(mA) 

30 

20 

10 

■■■•'~ ~  150NA ■■■■ 
uo ---__

■■■I■■~:■■■~iiii■■■■■■■■■■■■■■ 
iii  " 
iii■■■■■■■..---_ o■vs ■~■. ~., 
.: 

■■■■■ ■■■■■ ■■■■■ 

100 Rg (k~C1,) 1000 

typical values 
T _25°C 

7207404 

■■■■■■■■■■ 
■■■■■■■■■■ 

■■e■■■■■■■■■■■~■■■■■■■■■■■■■■■ 

.... .... .... ■■■■ ..s_ 

..■. 

 100 A 
-_-... 

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

00

■■■.. 

2 VCE(V) 3 

4 December 1968 



BF254 

150 

hFE 

100 

50 

7207405 

tyP 

VCE —10V 
T =25°C 

OQ.Oi 

100 

IC

(m A) 

10 

0] 10 I C (m A) 100 

7207401 
Base current versus collector current 

VCE =2V 
Tj = 25°C 

~`% ~~Q m00% 
I 

r 

i i 

i
10 

i 
i 

100 Ig (NA) 1000 

f 

C 

December 1968 5 



BF254 

m 
m 

0 
N 

 N 
 2 

E o 
N 

E ~ it N

7 U 

M 

~ ~ 
0  t o 

O~ 
N  

~ O 

O ~~ ~~ r 
u ~~ 

0 
y> Fdr 

~ ~ 1 

N 
2 

I 

~~  
N 

0 

bwe 
1 

bw _~~ 
 2 

O 

0 ~, 
N 
O 

0 

1 

O 

N 
2 

O 
O 
N 

~~ 

O 

O 

E 
m E m 
~ U t 

~ O ~ ~ N C 
p ~~~~ 

V 
d 

N 
S 

0 0 

N 
2 
~_

N 

 ~~ ~\ 
t/W£ 

N~~ 
x 

0 

b'w(- JI 

0 
o a, i 
o ~ ~ 

E 

0 0 
 0 
0 
0 

6 December 1968 



BF254 

180° 
103 02 10 

~yre~(P'n' ~) 

10 102 103 104 
360° 

~re 
1 vYPica~valuesll1l'111`,,~:~~~y~~llll' ,

"f~ll~,''I'lll~' 

1 

~~~\ Tamb=25°C ~,~~~~~~~~~//~.'////////~~//////~345° 

210° 

180° 
1000 

o', 

210°, , 

\ ``-`"~~~~~~~,'/,,330° 

~~.~~ 
,~~~ ~~~~ OOMH~ 

225° ,~~_ ` 200MHz ' ~~, 
~~ ~~~

240° ,\ ~~  ~~300° 

25'~ ~~~ ~ ° 
7209799 

100 

195 

typical values 
VCE =10V 
Tamb = 25°C 
lead length=3mm 

225 

270° 

10 

I C~~~mA 
3 

5~ Q 

~~\ 200MHz 

~~~~-` ~ 
~ ` ~ i ~~ ~ ~, ~, 

~~~
24 0 °,'`=

~~~~~ 255° 
270° 

100MHz 

285° 

315° 

100 ~Yfel~mdL ~) 1000 
360 0 

~fe 

345° 

300° 

7208224 

315° 

330° 

7 

195° 

December 1968 



BF254 

C 

6 15 
F —BS 

(dB) (m,f1,1) 
Gg 

(m.f1 1) 

4 

7207400 
typ. noise figure at optimum 
source admittance 

— --corresponding optirnurn source 
conductance resp. susceptance 

GS

10 
IC —1mA 
VCE=10V 
Tj =25°C 

BS 

r ~ 

25 

I I I 

O1 

104

Zth j-a 
(°C/W) 

103

0 

typ 

opt 

 opt 

~/ 

~~~ 

10 100 f (MHz) 1000 

7209779a 

transient thermal resistance
pulse duration  

rom junction to ambient versus 
i 
I 

i 
I 

I' i I ~~ ~ I S -101 I,a■uull ~■nnn,~■nln,'■Imul,~■>tn111 ~■nw.~ _ ~~'■Imm 
~"'ii~iiiiiii ~iiiiii iiGiiiii iliniii i~■onu ~~■;;"~~~~;;;illl~♦111111 

,0 ~_, iu~liiiiii iifiii liui~ i~ n~m~~~■'~11. ~ _:.:;;,~2  ~ _,-_I:~~-=-~~ ~~ =i:nl~ ~ilAlll I~IIIII 
_~ ~~~~ttlllll ~~Iriil'~~,, ••.: Si~1111C~■~tllll ~■IIIIIP~■~N 11..111 ~■,~ ~uu~o••~.. ~.nni~l~~.:.n1 ~~uu u~~onn ~~onm~~w m nn u 

~~ ~ ~ m VIII ~~~//'~I 

1 II~~■111111~~~~11111~~~11111 ~~~~11111~~~11111 N~~1111~~~~~~~11~~~111 

10 ■, dl;:~~r'nl I'  I~IIII' I 
I 

r 

s~ii!:~~; OAO I i ■1111111■illi i ■~Ilillll~~llilll 
I~i11i1~i 0 IIIII~■~111111~■~IIIII ~■~111111~■~IIIII 

s 
t 

5- 
T 

-s ~-4 10 3 10-2 10 10 tO2 t(s) 03

July 1969 



BF255 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a plastic envelope. 

The BF255 is 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 
carradios where a low noise figure at lo~v source impedance is required, 

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.) IC max, 30 mA 

Total power dissipation up to Tamb' 25 °C Ptot max. 300 mW 

Junction temperature T~ max. 125 oC 

D.C. current gain at T• = 25 °C 
IC = 1 mA; VCg = 10 ~ hFE tYP- 67 

Transition frequency at f = 35 MHz 
IC=1mA;VCg=10V fT typ. 200 MHz 

Noise figure 
IC=1mA;VCE=10V 
GS = 20 mS2-1; f = 1 MHz F typ. 3.5 dB 

GS=lOmS2-1;f=100 MHz F typ. 4 dB 

MECHANICAL DATA 

December 1968 

Dimensions in mm 
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BF255 

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

~• 

r-

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) VBBO max. S V 

Currents 

Collector current (d.c.) IC max. 30 mA 

Collector current (peak value) ICM max. 30 mA 

Power dissipation 

Total power dissipation up to Tamb - 25 °C Ptot max. 300 mW 

Temperatures 

Storage temperature Tstg —65 to + 125 °C 

Junction temperature Tj max. 125 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a - 0.33 °C/mW 

December 1968 



BF255 

CHARACTERISTICS T~ = 25 °C 

Base -emitter voltage 1) 

IC = 1 mA; VCE = 10 V VBE 0.65 to 0.74 V 

Base current 
typ. 15 µA IC = 1 mA; VCE = 10 V IB $ to 28 µA 

Feedback capacitance at f = 0.45 MHz 

IC = 1 mA; VCE = 10 V -CYe typ, 0,85 pF 

Transition frequency  at f = 35 MHz 

IC = 1 mA; VCE = 10 V f-r typ, '200 MHz 

Noise figure 

IC =1 mA;VCE=10V 

GS = 20 mS2-1; f = 1 MHz F typ. 3.5 dB 

Gg = 10 mS2-1; f = 100 MHz F typ. 4 dB 

Conversion noise figure 

IC =1 mA;VCE=10V 

GS = 1.2 mSt -1; f = 0.2 MHz Fc typ. 4 dB 

GS = 1.5 mS2-1; f = 1 MHz Fc typ. 2.5 dB 

y parareters at f = 100 MHz (common base) 

IC = 1 mA; VCE = 10 V (lead length = 3 mm) 

Input conductance 

Inputsusceptance 
Feedback admittance 
Phase angle of feedback admittance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 
Output susceptance 

y parameters (common emitter) 

IC = 1 mA; VC E = 10 V (lead length = 3 mm) f = 10.7 MHz 

Input conductance g1e < 0.96 

Output conductance gOe < 9.5 

gib 

- bib 
~Yrb~ 
orb 
yfb 
~fb 

gob 
bob 

1 ) VBE decreases by about 1,7 mV/°C with increasing temperature. 

typ. 38 mS2-1

typ, 1 mS2-1
typ. 400 µS2-1
typ. 275° 
typ. 34 mS2-1
typ. 140°
typ. 12 µS2-1
typ. 1.1 mS2-1

f = 0.45 MHz 

0.86 mS2-1

7.0 µS2-1
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BF334 
BF335 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N -P-N transistors in a plastic envelope with stiff, self-locking pins suitable for use 
with standard printed boards. The transistors are recommended for a.m. mixers 
and i.f. amplifiers in a.m./f. m. receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCBp max. 40 V 

Collector -emitter voltage (open base) V~,E~ max. 30 V 

Collector current (d. c.) IC max. 25 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max. 250 mW 

Junction temperature T; max. 125 oC 

BF334 BF335 
D.C. current gain at T~ = 25 ° C 

IC =1mA;VCE = lOV hFE 
> 
< 

65 
220 

35 
125 

Transition frequency at f = 100 MHz 
IC=1mA;VCE= lOV fT typ . 430 370 MHz 

Transfer admittance at f = 10.7 MHz 
IC=1mA;VCE=10V ~yfe~ typ. 36 36 

mSt_1

MECHANICAL DATA Dimensions in mm 

The envelope fulfils the 
accelerated damp heat 
test described in IEC 
publication 68-2 (test D, 
severity IV, 6 cycles). 
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BF334 
B F 335 

MOUNTING INSTRUCTIONS 

1. Thickness of printed board: max. 1.1 mm 
Hole diameter 0.77 to 0.83 mm 

2. Thickness of printed board: max. 1.7 mm 
Hole diameter 1.25 to 1.35 mm 

Bore plan r b i 

~--~~° a=2.49 to 2.59 mm 
~ b=5.03 to 5. 13 mm 

NOTE 

For iron soldering or for dip soldering, the iron temperature or solder temperature 
may go up to 300 ° C for a maximum of 3 seconds, with the transistor locld'itted on 
printed boards in either of the possible mounting positions. 

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

Voltages 

Collector-base voltage (open emitter) VCBO max. 40 V 

Collector-emitter voltage (open base) VCEO max. 30 V 

Emitter-base voltage (open collector) Vggp max. 4 V 

Current 

Collector current (d.c.) IC max. 25 mA 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 250 mW 

Temperatures 

Storage temperature Tstg —55 to + 125 ° C 

Junction temperature Tj max. 125 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.4 °C/mW 
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BF334 
BF335 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 ° C unless otherwise specified 

IE=O;VCB=20V 

IE=O;VCB=40V 

Emitter cut-off current 

ICBO < 

ICBO < 

IEBO < 

VBE typ. 

BF334 

50 

10 

10 

0.75 

BF335 

nA 

µA 

µA 

V 

IC=O;VEB= 4V 

Base -emitter voltage 

IC=1mA;VCE=10V 
j 
f 

Base current 

IC =1mA;VCE=TOV Ig 
> 4.5 
< 15 

8 
28 

µA 
µA 

Feedback capacitance at f = 0.45 MHz 

IC=1mA;VCE =10V -Cre < 0.3 0.3 pF 

Transition frequency at f = 100 MHz 

IC=1mA;VCE=10V fT typ. 430 370 MHz 

Noise figure 

IC=1mA;VCE=10V 

RS = 500 52; f = 0.2 MHz F typ. 1. 5 2.0 dB 

D.C. current gain 

IC =1mA;VCE =10V 

y parameters (common emitter) 

hFE 
> 6J 

< 220 

35 

125 

IC=1mA;VCE=10V f = 0.45 10.7 MHz 

Input conductance gie typ. 0.45 0.55 mS2- I 
Input susceptance - bie typ. 0.06 1.35 mS2-1
Input capacitance Cie typ. 20 20 pF 
Feedback admittance IYrel typ. 0.75 18 µS2 -1
Phase angle of feedback admittance ~P re typ. 270 270° 
Transfer admittance IYfe I typ. 36 36 mSl-1
Phase angle of transfer admittance 'Pfe typ. Oo 0° 
Output conductance goe tYP • 3 (<6) 5 µ~-1 

Output susceptance boe typ. 2.8 67 µS2- 1 
Output capacitance Coe typ. 1 1 pF 
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BF335 
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BF334 
BF335 
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BF336 to 338 

N-P-N SILICON PLANAR TRANSISTORS 

FOR VIDEO OUTPUT STAGES 
N -P -N transistorsinaTO-39 metal envelope with the collector connected to the case. 
The transistors are intended for video amplifiers in black -and -white and in colour 
television receivers. 

QUICK REFERENCE DATA 

BF336 BF337 BF338 

Collector -base voltage (open emitter) VCBO max. 185 250 300 V 

Collector -emitter voltage (open base) VCEO max. 180 200 225 V 

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

Total power dissipation 
up to Tmb = i40 ° C Ptot max. 3.0 W 

Junction temperature TJ max. 200 ° C 

D.C. current gain at TJ = 25 ° C 
IC = 30 mA; VCE = 10 V hgE > 20 

Transition frequency 
IC = 30 mA; VCg = 20 V fT' > 80 MHz 

Feedback capacitance at f = 0.5 MHz 

IC = 10 mA; VCE = 20 V —C Te ~ 3.5 pF 

MECHANICAL DATA 

TO -39 
Collector connected to case 

max !` 45° ' 

1.0 
max 

t 5.1 

f _ 9.4 ~ max 

8.5 
max 

Dimensions in mm 

,~ 6.6~.~  127 . 
max min 

0.48 
max 

1259322 

Max. lead diameter is guaranteed only for 12. 7 mm 

Accessories supplied an request: 56218; 56245; 56265 
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BF336 to 338 

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

Voltages BF336 BF337 BF338 

Collector -base voltage (open emitter) VCBO max. 185 

Collector -emitter voltage (RgE < 1 kS2) 
IC = 1 mA; up to Tj = 150 oC VCER max, 185 

Collector -emitter voltage (open base) 
IC = 4 mA VCEO max. 180 

Emitter -base voltage (open collector) 
IE = 0, 1 mA VBBO max. 5 

250 

250 

200 

5 

300 V 

300 V 

225 V 

5 V 

Currents 

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

Collector current (peak value) ICM max. 100 mA 1) 

Base current (peak value) IgM max. 20 mA 

Power dissipation 

Total power dissipation 
up to Tmb = 140 °C Ptot max. 3.0 W 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 oC 

THERMAL RESISTANCE 

From junction to ambient 

From junction to mounting base 

From junction to case 

Rth j -a 

Rth j -mb 

Rth j -c 

220 ° C/W 

20 oC /W 

25 oC /W 

1) For drive applications in horizontal deflection circuits: 
a. The collector peak current may be 200 mA under following conditions: 

tp = 0.5 µs; T = 64 µs; VCE <90 V; Tam = 55 ° C 
b. The collector peak current may be 150 mA under following conditions: 

tp =27µs;T=64 µs;VCg59V;T amb=55°C 
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BF336 to 338 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

Collector cutroff current at RBE = 1 k52 

VCE = 150 V for BF336 typ. 10 nA 
VCE = 200 V for BF337 ICER < 100 µA 
VCE = 250 V for BF338 

Base-emitter voltage 

IC = 30 mA; VCE = 10 V 

High frequency knee voltage 

VBE

at Tj = 150 °C 

typ. 
< 

0.7 
1.2 

V 
V 

IC = 50 mA VCEK typ. 10 V 

The high frequencykaeevoltage of a transistoris 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 decrease of the collector -emitter voltage 
results in a rapid increase of the distortion ,of the signal. 

~ 
I~=SOmA nseaei gain 

10 ~%) 

Vlvl / T~=150°C X80 
5- 

0  ~ 
static knee 

~ — voltage 

i. 

0.1 1 f (MHz110 WCEK 50 V~E(V) 0.01 0 

D.C. current gain 

izm~eo 

> 20 
i IC=30mA; VCE=10V hFE typ. 60 

Feedback capacitance at f = 0.5 MHz 

IC=lOmA;VCg=20V —Cre 
typ. 
< 

3.0 
3.5 

pF 
pF 

Feedback time constant at f = 10 MHz 

i IE = 30 mA; VCB = 20 V rbb'Cb'c 
typ. 
< 

30 
100 

ps 
ps 

Transition frequency at f = 100 MHz 
> 80 MHz 

IC = 30 mA; VCE = 20 V typ. 130 MHz 

r 
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BF336 to 338 
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repetitive pulsed operation; 6 =0.1 
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~O ~ 
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'~s ^ 

-~~~s II

I 

IQ 

10z VcE (Vl 103

Safe Operating Area with the transistor forward biased 

I Region of permissible d. c, operation 

II Permissible extension for repetitive pulsed operation 

III Repetitive pulsed operation in this region is allowable, 

provided Rgg < 1 kS2 
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Tmb 140°C --~ 

repetitive pulsed operation; 6 =0.1 

ICmaz= lCMmaz 

~0 
y 

V 7OO tiS

~ .4y, ) 

~s 
~~ 
~~s 

II

Ptot max (d C.) 

I 

TII 

102 VIE (V) 103

Safe Operating Area with the transistor forward biased 

I Region of permissible d. c. operation 

II Permissible extension for repetitive pulsed operation 

III Repetitive pulsed operation in this region is allowable, 

provided Rgg < 1 k2 
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50 
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9 259906 

typical values 
VIE=10V 
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925989'/ 

10 100 

9Z 59899 

100 

I~ 
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75 

50 

25 

00

I I I 

1 

VBE 
(VI 

0.75 

0.5 

U. 2 5 

-0100 

I 1 I 
VIE =10V 
Tj=25°C 

I~=30mA 
VCE' 10V 

typ 

tYP max 

1 
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100 

30 
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(p F) 

20 

10 

50 

0 

7Z 59909 
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VCE=20V 

f=100MHz 
T~ = 25 °C 

9Z 59896 

typical values 
f =0.5MHz 
T1=25°C 

I

VCE =10V 

20V 

0 
0 50 I C (mAl 100 

10 

30 

-Cre 
(pF) 

20 

10 

IC (m A) 100 

9259098 

IC=50mA 
f=0.5MHz 
TI = 25°C 
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0 
0 50 VCE IVI 100 
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BFR63 
BFR64 

SILICON PLANAR EPITA~CIAL TRANSISTORS 

N -P-N multi-emitter silicon transistors inacapstanenvelope. The transistors have 
extremely good intermodulation properties and high power gain. 
The device is primarily intended for: 
a- Final and driver stages of channel and band aerial amplifiers with high output 

power for band I, II, III and IV /V (40-860 MHz). 
b- Final and driver stages of wide band amplifiers (40-230 MHz). 
c- Final stages of the wide band vertical amplifier in high speed oscilloscopes. 

d- Frequency multiplier and oscillator circuits. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter; peak value) 
Collector-emitter voltage (open base) 

VCBOM
VCEO 

max. 40 V 
max. 25 V 

Collector current (peak value) ICM max. 500 mA 
Total power dissipation up to T~ = 60 oC; f> 1 MHz Ptot max. 3.5 W 
Junction temperature T~ max. 150 oC 

Transition frequency at f = 500 MHz BFR63 BFR64 

IC = 75 mA; VCE = 20 V fT > 1000 1200 MHz 

Output power at f = 200 MHz 
IC = 70 mA; VCE = 20 V; dim = -30 dB Po ryp. 150 150 mW 

Power gain at f = 200 MHz 
IC = 70 mA; VCg = 20 V Gp ryp. 16 16 dB 

MECHANICAL DATA See page 2 
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BFR63 
B~R64 

MECHANICAL DATA Dimensions in mm 

Diameter of hole in heatsink: max. 4.17 mm 
Torque on nut: min. 7.5 cm kg 

max. 8.5 cm kg 
When locking is required an adhesive instead of a lock washer is preferred. 

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

Voltages 

Collector-base voltage (open emitter; peak value) VCBOM max. 40 V 1) 

Collector -emitter voltage (RgE = 10 SZ; peak value) VCERM max. 40 V 2) 

Collector-emitter voltage (open base) VCEO max. 25 V 2) 

Emitter-base voltage (open collector) VEBO max. 3.5 V 3) 

Currents 

Collector current (d.c.) IC max. 200 mA 

Collector current (peak value) f > 1 MHz ICM max. 500 mA 

Power dissipation (f> 1 MHz; see SOAR) 

Total power dissipation up to T~ = 60 °C Ptot max. 3.5 W 

Temperatures 

Storage temperature Tstg —40 to +150 oC 
Junction temperature Tj max. 150 °C 

THERMAI. RESISTANCE 
From junction to mounting base Rth j _~ 25 ° C/Vb 
From mounting base to heatsink Rth mb-h 0.5 °C/W 

1) at IC = 100 µA 2) at IC = 10 mA 3) at IE = 100 µA 
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BFR63 
BFR64 

CHARACTERISTICS T~ = 

Collector cut-off current 

25 ° C unless otherwise specified 

1CB0 < 10 µA IE = 0; VCB = 20 V 

Saturation voltage 

IC = 100 mA; IB = 10 mA ~CEsat < 0.75 V 

D . C . current gain 

IC = 50 mA; VCE = 5 V hFE > 25 

IC =150mA; VCE =SV hFE > 25 

Collector capacitance at f = 1 MHz 

IE=Ie =O; VCB =20V Cc < 4.5 pF 

Feedback capacitance at f = 1 MHz 

IC = 10 mA; VCE = 20 V; 'Tmb = 25° C -CTe tYp. 1.7 pF 

Noise figure at f = 200 MHz. 

IC = 40 mA; VCE = 20 V; RS = 75 S2; T~ = 25 ° C F typ. 6 dB 

Transition frequency at f = 500 MHz BFR63 BFR64 

IC = 15 mA; VCE = 20 V fT typ. - 1000 MHz 
IC = 75 mA; VCE = 20 V f.I, > 1000 1200 MHz 
IC = 150 mA; VCE = 20 V fT typ. 1100 1200 MHz 

Output power at f = 200 MHz; T~ = 25 ° C 

IC = 70 mA; VCE = 20 V; V.S.W.R.atoutput< 2 
fp = 202 MHz•, fq = 205 MHz; dim = -30 dB > _ 130 mW 
measured at f(2q_ p) = 208 MHz (channel 9) Po typ. 150 150 mW 

Output power at f = 800 MHz; T~ = 25 ° C 

IC = 70 mA; VCE = 20 V; V.S.W.R. at output<2 

fp = 798 MHz; fq = 802 MHz; dim = -30 dB > - 70 mW 
measured at f(2q _p) = 806 MHz (channel 62) P°

typ. - 90 mW 
Power gain (not neutralized) T~ = 25 ° C 

> - 15 dB 
IC = 70 mA; VCg = 20 V; f = 200 MHz 

GP typ. 16 16 dB 

IC = 70 mA; VCE = 20 V; f = 800 MHz Gp ryp. - 6.5 dB 
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BFR63 
BFR64 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

1. Output power at f = 200 MHz; Tmb = 25 °C 

IC = 70 mA; VCg = 20 V; V.S. W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = -30 dB 
measured at f (29_p) = 208 MHz (channel 9) 

Test circuit: 

~~ 

L1 

12pF~ 

R5=50,(L 

X 

Coil data: 

L2 

BFR 63  or 
8FR 6c 

~L3 
<, L4 

VK 200 -10/4 B 

22pF 

~~ 

or 

X+42 V 

30J1 

L1 = 3 turns silver plated Cu wire (1.4 mm); winding pitch 2.7 mm; int. diam. 8 mm; 
taps at 0.5 turn and 1.5 turns earth. 

L2 = 5.5 turns. silver plated Cu wire (1.4 mm); winding pitch 2.2 mm; int. diam. 8 mm 
L3 = 3 turns silver plated Cu wire (1.4 mm); winding pitch 3.3 mm; int. diam . 8 mm 
L4 = 5.5 turns silver plated Cu wire (1.4 mm); winding pitch 2.2 mm; int. diam . 11 mm 
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BFR63 
BFR64 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h.f. 
output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

VCE - VCEK R L -  
IC 

, 

in which VCEK is the high frequency knee voltage. 

b. The h.f. collector current is as small as possible. 
This is so if -CL = +Coen 
in which COe is the output capacitance of [he transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (experi-
mentally found) values of RL and CL are: 
RL = 220 S2; CL = -4 pF. 

Adjustment procedure 

1. Remove the transistor and connect a dummy consisting of a 220 S2resistor in parallel 
with a 4 pF capacitor between the collector and emitter connections of the output 
circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V . S. W . R . = 1). 
After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-
imum power gain and good band pass curve. 
The V. S. W . R . of the output will then, in most cases, be _< 2 over the whrle chan-
nel. 
Corrections can be made by tuning L2; this will not disturb the band pass curve. 
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BFR63 
BFR64 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

2. Output power at f = 800 MHz; Tmb = 25 °C 

IC = 70 mA; VCE = 20 V; V.S.W.R. at output < 2 
fp = 798 MHz; fq = 802 MHz; dim = —30 dB 
measured at f(2q _ p) = 806 MHz (Channel 62) 

Test circuit: 

12pF ~ BFR 64 
2.2 p F 

Coil data: 

L3 

L1 = 25 mm x 7 mm x 0.85 mm silver plated Cu strip 

Tap of the input at 5 mm from earth. 
L2 = 13 turns enamelled Cu wire (0.6 mm); int. diam. 8 mm 
L3 = 1.5 turns Cu wire (1.3 mmj; int. diam. 8 mm 

1pF 

50~f1 

Basis of adjustment 

At 800 MHz no dummy can be used to adjust for optimum collector load because at 
these frequencies the impedance transformations of a dummy are too high. A small 
signal at the mid-channel frequency of 802 MHz is fed to the input and increased 
until clipping occurs; that is, until the output power no longer increases linearity 
with the input signal. This clipping can be eliminated by tuning the output circuit, 
thereby making the output power equal to 

P _ IC(VCE —VCEK) _ 480 mW. 
°- 2 

The output circuit is adjusted for minimum intermodulation if the input signal is as 
small as possible at Po = 480 mW . With this adjusting method care must be taken, that 
the transistor is not destructed by second breakdown (the voltage swing may not exceed 
the rated VCER value). Therefore as soon as clipping occurs, the increase of the input 
signalshouldbestoppeduntiltheclippinghasbeeneliminated. After [his adjustment 
has been made no further change may be made in the output circuit. Adjust the input 
circuit for maximum power gain and good band pas s curve . The V . S. W . R . of the output 
is then < 2 over the whole channel. 
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BFR64 
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2 

10Z

10 

1 

211150f 

Tmb=85°C 

II

I 

1II 

z 10 z VIE (V) 

Safe Operating Area with the transistor forward biased 

10Z

I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation; f > 1 MHz 

III Repetitive pulsed operation in this region is allowable, provided 

RBg < 10 S2 and f > 1 MHz 
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BFR64 
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0 
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z 5 10 z 102 I~ (mA) 103

7Z 5BE 31 

typical values f= 500 MHz 
VcE = 20V 
T) =25°C 

BFR64

BFR63 

10 102 Ic mA) 103

8 June 1970 



7211148 

f.1MHz 
I E=Ie =O 
T = 25°C 

5 

typ 

0 
0 10 20 VCe (V) 30 

June 1970 9 





BFR65 

SILICON PLANAR EPITAXIAL TRANSISTORS 
N -P-N multi -emitter silicon transistor in a capstan envelope. The transistor has 
extremely good intermodulation properties and high power gain. 
The device is primarily intended for channel amplifiers in aerial amplifier systems 
as well as other applications where an excellent f-r linearity and higher signal han-
dling capabilities than available in existing devices are required. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter; peak value) VCBOM 

Collector -emitter voltage (open base) VCEO 

Collector current (peak value) ICM 

Junction temperature Tj 

Thermal resistance from junction to mounting base Rth j-mb 

Transition frequency at f = 500 MHz 
IC = 200 mA; VCg = 20 V 

Output power at f = 200 MHz 
IC = 200 mA; VCg = 20 V; dim =-30 dB 

Power gain at f = 200 MHz 
IC=200mA; VCE=20V 

max. 40 V 

max. 25 V 

max. 1000 mA 

max. 200 ° C 

= 15 degC/W 

fT > 1200 MHz 

Po typ. 450 mW 

Gp typ. 19 dB 

MECHANICAL DATA 

E 

N 

 _e 
97max 

25
min

~O. 

Dimensions in mm 
3. 

metal 

8-32UNC 

lsmax 

plastic 

~ 8 f -w~—' 

112 ~ 575max
7Zg095.2 

When locking is required an adhesive instead of a lock washer is preferred. 

Torque on nut: min. 7.5 kg cm Diameter of clearance hole in heatsink: max. 

(0.75 Newton. metres) 
max. 8.5 kg cm 

(0. 85 Newton metres) 

4.17 mm. 
Mounting hole to have no burrs at either end 
De-burring must leave surface flat; do not 
chamfer or countersink either end of hole. 
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BFR65 

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

Voltage s 
Collector -base voltage (open emitter; peak value) VCgOM max. 40 V 

Collector -emitter voltage (Rgg =10 S2; peak value) VCE~ max. 40 V 

Collector -emitter voltage (open base) VCEO max. 25 V 

Emitter -base voltage (open collector) VEBO max. 3.5 V 

Currents 
Collector current (d. c.) IC max. 400 mA 

Collector current (peak value) f > 1 MHz ICM max. 1000 mA 

Power dissipation 
Total power dissipation up to Tmb = 125 ° C 
See also page 6 Ptot max. 5 W 

Temperatures 
Storage temperature Tstg —65 to +200 ° C 

Junction temperature Tj max. 20p °C 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb = 15 degC/W 

From mounting base to heatsink Rthmb-h = 0.5 degC/W 
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BFR65 

CHARACTERISTICS Tj = 

Breakdown voltages 

25 °C unless otherwise specified 

Collector -base voltage 
open emitter, IC = 1 mA V(BR)CBO > 40 V 

Collector -emitter voltage 
RBE = 10 52, IC = 5 mA V(BR)CER > 40 V 
open base, IC = 5 mA V(BR)CEO > 25 V 

Emitter -base voltage 
open collector; IE = 1 inA ~T(BR)EBO > 3.5 V 

Collector cut-off current 

IE = 0; VCg = 20 V ICBO < 100 NA 

Saturation voltage 

IC = 200 mA; Ig = 20 mA VCEsat < 0.75 V 

D.C. current gain 

IC = 200 mA; VCE = 20 V hFE > 30 
IC = 400 mA; VCE = 20 V hFE > 20 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; VCg = 20 V Cc < 10 pF 

Feedback capacitance at f = 1 MHz 

IC = 10 mA; VCE = 20 V; Tmb = 25 ° C CTe typ. 3.5 pF 

Collector -stud capacitance Ccs typ. 2 pF 

Transition frequency at f = 500 MHz 

IC = 200 mA; VCE = 20 V fT > 1200 MHz 
IC = 400 mA; VCE = 20 V fT > 1000 MHz 

Output power at f = 200 MHz; Tmb = 25 °C 

IC = 200 mA; VCE =20V; V.S.W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = —30 dB 
measured at f(2q _p) = 208 MHz (channel 9) F° typ. 450 mW 

Power gain (not neutralized) Tmb = 25 ° C 
> 15 dB 

IC = 200 mA; VCE = 20V; f = 200 MHz Gp 
typ. 19 dB 

IC = 200 mA; VCg = 20 V; f = 800 MHz Gp typ. 4.5 dB 
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BFR65 

CHARACTERISTICS ;continued) 

Intermodulation characteristics 

1. Output power at f = 200 MHz; Tmb = 25 oC 

IC = 200 mA; VCg = 20 V; V.S. W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = —30 dB 
measured at f (2q_p) = 208 MHz (channel 9) 

Test circuit: BFR65
15pF ~ 

—~ 

Lt 

Rs. 

son 

Coil data: 

6pF 

lion 
y 540

390n pF 

4.7nF 

6pF ~. 

540 
pF 

eon 

I I 4.7nF 

 O 

L2 
R~_ 

son 

—► L1 = 1 turn silver plated Cu wire (1.4 mm); int. diam. 
earth. 

--► L2 = 3 turns silver plated Cu wire (1.4 mm); int. diam. 
tap at 2.5 turns from earth. 

neo~ozi O -24V 

8 mm; tap at 0. 75 turn from 

8 mm; winding pitch 2. 7 mm; 
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BFR65 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h. f. 
output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

VCE ~- VCEK 
Rl, = IC , 

in which VCEK is the high frequency knee voltage. 

b. The h. f. collector current is as small as possible. 
This is so if -CL =+Coe• 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (experi-
mentally found) values of RL, and Ci, are: 
RL,=91 S2; C1,=-6.8pF. f --

Adjustment procedure 

1. Remove the transistor and connect a dummy consisting ofa 91 S2 resistor in par-
allel with a 6.8 pF capacitor between the collector and emitter connections of the r —
output circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V . S. W . R. = 1) 
After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-
imum power gain and good band pass curve. 
The V. S. W. R. of the output will then, in most cases, be <2 over the whole chan-
nel. 
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~p4 

103

102

10 

1 

Z 59590.1 

Tmb°125°C 

ICM 

II

I~ 

I 

10 102 V~EIV) 

Safe Operating Area with the transistor forward biased 

I Region of permissible d. c. operation 
II Permissible extension for repetitive pulsed operation; f > 1 MHz 
III Repetitive pulsed operation in this region is allowable, provided 

f > 1 MHz; Rgg < 10 S2 
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i 
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20V 

5V 

20 

C~ 

IpFI 

15 

10 

5 

10 

7260531 

f=1MHz 
IE=Ie=O 
T =25°C 

YP 

0  
0 10 20 VCe (VI 30 

60 

hFE 

40 

20 

102 I~ ImAI 
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103

typical values 
Tj=25°C VCE=20V 

0  
0 200 I C (mAl 400 
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BFS92to95 

SILICON EPITAX I AL PLANAR TRANSISTORS 

P-N-P transistors in aT0-39 metal envelope with the collector connected to the case. 
These transistors are intended for general industrial applications. 

QUICK REFERENCE DATA 

BFS BFS BFS BFS 

92 93 94 95 

Collector-base voltage (open emitter) —VCS max. 100 100 80 40 V 

Collector-emitter voltage (open base) —VCEO max. 60 60 40 35 V 

Collector current (d. c.) —IC max. 1. 0 

Total power dissipation 
up to Tmb = 50 °C Ptot max. 5 

1.0 

5 

1.0 

5 

1.0 A 

5 W 

Junction temperature TJ max. 200 

Collector-emitter saturation voltage 
—IC = 500 mA; —IB = 50 mA —VCEsat ~ 1. 0 

D. C. current gain 
—IC = 150 mA; —VCE = 10 V hFE > 30 

Transition frequency at f = 35 MHz 
—IC = 50 mA; —VCE = 10 V fZ, typ. 70 

200 

1.0 

70 

70 

200 

0. 7 

40 

70 

200 °C 

0. 7 V 

70 

70 MHz 

MECHANICAL DATA 

'TO-39 
Collector connected 
to case 

0 
E 

Dimensions in mm 

max 

max. lead diameter is guaranteed only for 12. 7 mm. 

Accessories supplied on request: 56218, 56245, 56265. 

0 

0 

0 

127min 

~zoeca 

0 
E 
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BFS92 to 95 

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

Voltages BFS BFS BFS BFS 

92 93 94 95 

Collector-base voltage (open emitter) -VCBO max. 100 100 80 40 V 

Collector-emitter voltage (open base) - VCEO max. 60 60 40 35 V 

Emitter -base voltage (open collector) - VEBO max . 6 6 6 6 V 

Currents 

Collector current (d. c. ) -IC max. 1.0 A 

Collector current (peak value) -ICM max. 1.0 A 

Emitter current (d. c. ) IE max. 1,0 A 

Emitter current (peak value) IEM max. 1,0 A 

Reverse base current (peak value) +IBM max. 100 mA 

Power dissipation 

Total power dissipation up to Tmb = 50 oC 
See page 6 Ptot max. 5 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 oC 

THER1sIAI. RESISTANCE 

From junction to ambient in free air Rth j-a = 220 °C/ W 

From junction to case Rth j -c = 35 °C/W 

From junction to mounting base Rth j-mb = 30 oC/W 

2 



BFS92 to 95 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless 

BFS92; BFS93 

otherwise specified 

-ICBO < 50 nA 

- ICBO < 2.5 µA 

-ICBM < 50 nA 

-ICBO < 2.5 µA 

-ICBO < 50 nA 

-ICBO < 2.5 µA 

50 nA -IEBO < 
-IEBO < 2.5 µA 

IE = 0; -VCB = 80 V; T~ = 25 ° C 
T~ = 100 ° C 

IE = 0; -VCB = 60 V; T~ = 25 ° C 
T~ = 100 ° C 

IE = 0; -VCB = 30 V; T~ = 25 ° C 
T~ = 100 ° C 

Emitter cut-off current 

BFS94 

BF595 

IC = 0; -VEB = 5 V; T. = 25 ° C 
T~ = 100 ° C 

J 

Saturation voltages BFS92 BF593 BFS94 BFS95 

- VCEsat < 0.15 0.15 0.10 0.10 V 
-IC = 10 mA; -IB = 1 mA 

-VBEsat < 1.2 1.2 1.2 1.2 V 

-VCEsat < 0.35 0.35 0.20 0.20 V 
-IC = 150 mA; -IB = 15 mA 

-VBEsat < 1.3 1.3 1.3 1.3 V 

-VCEsat < 1.00 1.00 0.70 0.70 V 
-IC = 500 mA; -IB = 50 mA 

-VBEsat < 1. ~ 1.5 1.5 1.5 V 

-VCEsat 
< 2.00 1.60 1.00 1.00 V 

-IC = 1 A; -IB = 100 mA 
-VBEsat < 2.0 2.0 2.0 2.0 V 

D.C. current gain 

-IC = 10 mA; -VCE = 10 V hFE > 20 ~0 30 50 

-IC = 150 mA; -VCE = 10 V hFE > 30 70 40 70 

-IC = 500 mA; -VCE = 10 V hFE > 20 30 25 30 

-IC = 1 A; -VCE = 10 V hFE > 15 15 15 15 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; -VCB = 10 V Cc < 20 pF 

Transition frequency at f = 35 MHz 

-IC = 50 mA; -VCE = 10 V fT. > 40 MHz 
typ. 70 MHz 
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BFS92to95 

CHARACTERISTICS (continued) 

h parameters  at f = 1 kHz 

-IC = 10 mA; -VCE = 5 V 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

-IC=1mA; -VCg=SV 

Small signal current gain 

Switching times (see also page 5) 

Turn on time 
-IC = 150 mA ; -IB = +IBM = 15 mA 

delay time 
rise time 

hie tYP• 

hre tYP• 

hfe tYP• 

hoe tYP• 

300 

70 

100 

60 

hfe tYP. 90 

10
-6

td typ. 20 ns 
tr typ. 35 ns 

Turn off time 
-IC = 150 mA ; -Ig = +IBM = 15 mA 

storage time is typ. 500 ns 
fall time tf typ. 65 ns 

4 August 1970 



BFS92 to 95 

MEASUREMENT OF SWITCHING TIMES 

Fig. 1: Circuit diagram 

input A 

-10.7V 

— +11.1V 
input B 

Fig. 2: Waveforms

VI

0 

V~ 

input A 
(t dand t,) 

X10 ° /o 

-Vcc 
10.2V 

A=+4.3V 
B= -7.1V 

input B 
(tsandtf) 

90 °/o 

time 

90 ° /o 

10° fo f 

~ td f 
~ t~ f 

st o~i 

90 ° /o 

is ~ 

~ tf 

t toff ~ 

10 °/o 

f 

7Z 58577 

Equipment: Pulse generator (rise time = 1 ns) 
Double beam or dual trace oscilloscope (rise rime < 5 ns) 
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BFS92 to 95 
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10 3

Zth j-mb 

(°C~W 1 
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10 ~ 
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7258578 

Tmb= 50°C 

region of 
permissible 
d.c. operation 
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BF594- ~,, 

BFS92; 
BF593 

10 -VcE1V) 102
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with the transistor forward biased 
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BFS92 to 95 

200 

hFE 

150 

100 

50 

0 

100 

fT
(MHz) 

50 

0 

7Z 58 SB2 

typical behaviour ofi hFE versus -I~ 

-VIE=10V 
T) =25°C 

10 tOz -I~ mA) 

7Z 58581 

103

- VCE')~~ 

Ti=25°C 

f=35MHz 

typ 

10 10z -I~ (m A) 103

August 1970 7 



BFS92 to 95 

7Z 58584 

typical behaviour of saturation voltages versus collector current ■■■111 
-VCEsat 

-VBEsat 

(V) 

1.5 

0.5 

■■■■■~11 ■■■■■III ■■■■■III 
■■■■■III 
■■■■■~11 

■■■■■III ■■■■■~11 
■■■■■III -I ~ ■■■■■~11 

■■■■■III ■■■■■III _10 
-IB 

Tj =25°C 
■■■■■III 

■■■■■III ■■■■■III ■■■■■III 
■■■■■111 ■■■■■III ■■■■■III 
■■■■■III ■■■■■III ■■■■■III 
■■■■■~11 ■■■■■~11 ■■■■■~11 
■■■■■III ■■■■■III ■■■■~~i~ 

■■~i/~ll ■■■■■~11 ■■■■■III 
■■■~~~II ~~:iii~1~■■■■■ail 
~~i~~~11~■■■■■~II~■■■■■III 
■■■■■~11~■■■■■~II~■■■■III 
■■■■■~11~■■■■■~II~■■~~■III 
■■■■■~11~■■■■■111 ■~~■■111 
■■■■■III■■■■■■~~~■~~■■■~~~ 
_■_■■_■■~II~~■■■■~~~~!~■■■■111 
~~~iGGii~~~~■■■~II~■■■■■111 

40 

Ca

(pF) 

30 

20 

10 

10 

7258579 

IE=Ie=O 
T = 25 °C 
f=1MHz 

typ 

0 
0 

100 

Ce
(pF) 

75 

50 

25 

102 -I~(mA) 103

7Z 58580 

I~=I~=O 

Tj=25°C 
f =1MHz 

typ 

0 
10 20 -V~B(V) 30 0 2.5 5 -VEB(V) 7 5 
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BFW16A 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P -N multi -emitter transistor in a TO-39 metal envelope, with the collector con-

nected to the case. The transistor has extreme good intermodulation properties 

and a high power gain. It is a ruggedized version of the BFW16, which it succeeds. 

It is primarily intended for: 

- Final and driver stages of channel- and band aerial amplifiers with high output 

power for band I, II, III and IV/V (40-860 MHz). 
- Final stage of the wide band vertical amplifier in high speed oscilloscopes. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter; peak value) 

Collector -emitter voltage (open base) 

Collector current (peak value; f > 1 MHz) 

Total power dissipation up to T~ = 125 oC 

VCBOM 

VCEO 

ICM 

Ptot 

max. 

max. 

max. 

max. 

40 

25 

300 

I .5 

V 

V 

mA 

W 

Junction temperature TJ max. 200 °C 

Feedback capacitance at f = 1 MHz 
IC =lOmA;VCE=15V - C re typ. 1.7 pF 

Transition frequency 
IC =150mA;VCg =15V; f=500 MHz f7- typ . 1 .2 GHz 

f = 200 800 MHz 
Power gain (not neutralized) 

IC=70mA;VCg=18V Gp ryp. 16 6.5 dB 

Output power 
dim = -30 dB; V.S.W.R. at output <2 
IC=70mA;VCg=18V Po typ. 150 90 mW 

MECHANICAL DATA 

Collector connected to case 

TO-39 

ma: 

Accessories available: 56218; 56245; 56265 

Dimensions in mm 

0 
E 

O 

0 

0 

~ 127min
noecea 

January 1970 1 



BFW16A 

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

Voltages 

Collector -base voltage (open emitter; peak value) VCBOM max. 40 V 

Collector -emitter voltage (RgE < 50 S2) peak value VCERM max. 40 V 1) 

Collector -emitter voltage (open base) VCEO max. 25 V 1) 

Emitter -base voltage (open collector) VEBO max. 2 V 

Currents 

Collector current (d.c.) IC max. 150 mA 

Collector current (peak value; f > 1 MHz) ICM max. 300 mA 

Power dissipation 

Total power dissipation up to Tmb = 125 °C Ptot max. 1 .5 W 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 250 oC/W 

From junction to mounting base Rth j -mb = 50 °C/W 

From mounting base to heatsink 
mounted with top clamping washer 
of 56218 and a boron nitride washer 
for electrical insulation Rth mb -h - 1.2 °C/W 

1)IC=10mA. 

2 December 1969 



BFW16A 

CHARACTERISTICS T~ = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 20 V; T~ = 150 oC 

Knee voltage 

IC = 100 mA; IB =value for which 
IC=110mA at VCE=1V 

(I71A) 

110 
100 

VCEK~ VCE~V) ~zoeee~ 

D.C. current gain 

IC = 50 mA; VCE = 5 V 

IC = 150 mA; VCE = 5 V 

Transition frequency 

IC = 150 mA; VCE = 15 V; f = 500 MHz 

Collector capacitance at f = 1 MHz 

IE=Ie =O;VCg=15V 

Feedback capacitance at f = 1 MHz 

IC = 10 mA; VCE = 15 V; Tamb = 25 oC 

Noise figure at f = 200 MHz 

IC = 30 mA; VCE = 15 V; RS = 75 S2; Tam =25 oC 

Power gain (not neutralized) 

IC = 70 mA; VCE = 18 V; Tam = 25 oC 

ICgp < 20 µA 

VCEK < 0.75 V 

hFE > 25 

hFE > 25 

f-r typ. 1.2 GHz 

Cc < 4 pF 

_C re tYP• 1.7 pF 

F < 6 dB 

f = 200 800 MHz 

Gp typ. 16 6.5 dB 
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BFW16A 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

1 . Output power at f = 200 MHz; Tamb - 25 oC 

IC = 70 mA; VCg = 18 V; V.S.W.R. at output < 2 
f p = 202 MHz; fq = 205 MHz; dim = -30 d6 
measured at f(2q _ p) = 208 MHz (Channel 9) 

Test circuit: 

Coil data: 

L1 = 3 turns silver plated Cu wire (1 .4 
int. diam. 8 mm; taps at 0.5 turn 

L2 = 5.5 turns silver plated Cu wire (1 
int. diam. 8 mm. 

L3 = 3 turns silver plated Cu wire (1.4 

int. diam. 8 mm. 
L4 = 5.5 turns silver plated Cu wire (1 

int. diam. 11 mm. 

VK200-10/48

Po 
> 130 mW 
typ. 150 mW 

mm); winding pitch 2.7 mm; 
and 1.5 turns from earth. 
.4 mm); winding pitch 2.2 mm; 

mm); winding pitch 3.3 mm; 

.4 mm); winding pitch 2.2 mm; 

30JL 

4 December 1969 



BFW16A 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h.f. 

output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

VCE - VCEK 
RL - , 

IC 

in which VCEK is the high frequency knee voltage. 

b. The h.f. collector current is as small as possible. 
This is so if -CL = +Coe , 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (experi-

mentally found) values of RL and CL, are: 
Rl, = 220 S2; CL, _ -5.6 pF. 

COe is found by 4 pF of the transistor and 1.6 pF by the mounting system concerning 

of a borium nitride washer between the envelope of the transistor and the chassis. 

See also page 10, note 1. 

Adjustment procedure 

1 . Remove the transistor and connect a dummy consisting of a 220.52 resistor in 

parallel with a 5.6 pF capacitor between the collector and emitter connections 

of the output circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V.S.W.R. =1). 

After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-

imum power gain and good band pass curve. 

The V.S.W.R. of the output will then, in most cases, be < 2 over the whole 

channel. 
Corrections can be made by tuning L2; this will not disturb the band pass curve. 

December 1969 5 



BFW16A 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

2. Output power at f = 800 MHz; Tam = 25 °C 
IC = 70 mA; VCE = 18 V; V.S.W.R. at output < 2 
fp = 798 MHz; fq = 802 MHz; dim = -30 dB 
measured at f(2q _p) = 806 MHz (Channel 62) 

Test circuit: 

12pF~ BFW16A
2.2 p F 

~~ 

Rg ~ 5011 
o--. 

56011 

T I r'opF 
I

VK200-10/48 — 

L3 

12pF 

1.5nF 

Po

12pF 

728907 

Coil data: 
L1 = 25 mm x 7 mm x 0.85 mm silver plated Cu strip 

Tap of the input at 5 mm from earth. 
L2 = 13 turns enamelled Cu wire (0.6 mm); int. diam. 8 mm 
L3 = 1.5 turns Cu wire (1.3 mm); int. diam. 8 mm 

1pF 

> 70 mW 
typ. 90 mW 

° 
24V 

50.11 

Basis of adjustment 

At 800 MHz no dummy can be used to adjust for optimum collector load because at 
these frequencies the impedance transformations of a dummy are too high. A small 
signal at the mid -channel frequency of 802 MHz is fed to the input and increased 
until clipping occurs; that is, until the output power no longer increases linearily 
with the input signal. This clipping can be eliminated by tuning the output circuit, 
thereby making the output power equal to 

ICNCE -  VCEK)
P° = 2 

- 480 mW. 

The output circuit is adjusted for minimum intermodulation if the input signal is as 
small as possible at Po = 480 mW. 
With this adjusting method care must be taken, that the transistor is not destructed 
by second breakdown (the voltage swing may not exceed the rated VCER value). 
Therefore as soon as clipping occurs, the increase of the input signal should be 
stopped until the clipping has been eliminated. After this adjustment has been made 
no further change may be made in the output circuit. 
Adjust the input circuit for maximum power gain and good band pass curve. The 
V . S . W . R . of the output is then < 2 over the whole- channel . 

6 December 1969 



BFW16A 

Ptot 
(~U) 

2 

1 

0 

~zoeeet 
A=mountedwith a boron nitride 

washer on an infinite heatsink 
B =mountedwith a boron nitride 

washer on a heatsink of 
50 cm2 (e.g. chassis) 

see also adjacent graph 

, \■, 9 N■■ ■~~h■■■~ 

■~~■■■■■ ■■ 6' ~\ . ■~■ 
`ro7~ ~ ■■■■~■~■■~■ 

800 

IC 
(mA) 

200 

100 

~zoeeei 
see also adjacent 
graph 

II

I 
.i 

IQ 

100 Tamb(°C) 200 ~0 20 VCE (V) 40 

I =Region of permissible operation under all base -emitter conditions and at all 
frequencies, including d.c. 

II =Additional region of operation at f > 1 MHz. 

III =Operating under pulsed conditions is allowed, provided the transistor is cut-off 

with RBg < 50 S2 and f > 1 MHz. 
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BFW16A 

103 

I~ 
(mA) 

102

10 

7208879 
VIE=SV 
Tj = 25°C— 

typ max Ig 

t 
10 

80 

hFE 

60 

40 

20 

10 2

7208883 

50 100 I~ mA)150 

103 104 Ig (NA) 105

7208884 
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BFW16A 

I 
i 

t 

t 

150 

IC
(mA) 

100 

50 

~oo~P 

;n . 

~zoeseo 

  ON
25001 

typical values 
T' _25°C 

2000NA 

1500NA 

8 
Cc

(pF) 

6 

1000N A " 

r 
Ig-500~A_ 

5 

IE_Ie -0 
f =1MHz 

 T _ 25°C  

10 15 VCE (V) 20 

■ ■ ■ 
i n 
i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i  
n►• 
iiii: 

10 20 VCg(V) 30 50 100 Ir (mA)150 

I 

December 1969 9 



BFW16A 

APPLICATION INFORMATION 

Performance of channel- and band amplif ers 1) 

~~ 

Frequency range 

channel 

4 
61-68 

channel 

9 
202-209 

channel 

55 
742-750 

band 

I 
47-68 

band 

II 
87.5-108 

band 

III 
174-230 MHz 

Transistor used in 
final stage BFWI6ABFW16A BFW16A BFW16A BFW16A BFW16A 
driver stage 
second stage 

BFW16A BFW16A 
BFY90 

BFW16A 

first stage BFY90 BFY90 BFY90 BFY90 BFY90 BFY90 

Output power at 
150 2) 150 2) 100 

10 
30 

10 

mW 
mW 
mW 

dim = -30 dB 
dim = -50 dB 
dim = -60 dB 

Power gain 50 44 26.5 51 43 39 dB 

Noise figure 7 6 8 6.0-6.5 6.5 6.5 dB 

V.S.W.R. over the 

< 2 < 2 < 2 < 2 < 2 < 2 
whole channel or band 

for the input 
for the output < 2 < 2 < 2 < 2 < 2 < 2 

Load impedance 30 30 50 30 30 30 S2 

Source impedance 60 60 50 60 60 60 S2 

1) Application information bulletins of all these amplifiers and a study of inter-
modulation are available on request. 

2)Vo =2.2VoverRL=30 S2 or 
Vo =3VoverRL =60 S2. 

10 December 1969 



BFW17A 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N multi -emitter transistor in a TO-39 metal envelope, with the collector con-
nected to the case. The transistor has extreme good intermodulation properties and 
a high power gain. It is a ruggedized version of the BFW17, which it succeeds. 

It is primarily intended for final and driver stages of channel- and band aerial am-
plifiers with high output power for band I; II and III (40-230 MHz). 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter; peak value) 

Collector -emitter voltage (open base) 

Collector current (peak value; f > 1 MHz) 

Total power dissipation up to Tmb = 125 ° C 

Junction temperature 

Feedback capacitance at f = 1 MHz 
IC=lOmA;VCg=15V 

Transition frequency 
IC=150mA; VCE=15V;f=500 MHz 

Power gain (not neutralized) 
IC=70mA; VCE= 18V; f=200 MHz G 

VCBOM 

VCEO 

1CM 

Ptot 

TJ

- Cre 

max. 40 V 

max. 25 V 

max. 300 mA 

max. 1.5 W 

max. 200 °C 

typ. 1.7 pF 

ffp typ. 1.1 GHz 

P typ. 16 dB 

Output power 
dim = -30 dB; V . S. W. R. at output < 2 
IC = 70 mA; VCg = 18 V Po typ. 150 mW 

MECHANICAL DATA 

Collector connected to case 

TO-39 

E 
ll'1 

Accessories available: 56218; 56245; 56265 

Dimensions in mm 

0 
E 
m 

~ ss 
max. 

ro 

~o 

0 

~ 12.7min
]ZOB664 
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BFW17A 

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

Voltage s 

Collector -base voltage (open emitter; peak value) VCgOM max. 40 V 

Collector -emitter voltage (Rgg < 50 S2) peak value VCE~ max. 40 V 1) 

Collector -emitter voltage (open base) VCEO max. 25 V 1) 

Emitter-base voltage (open collector) VEgp max. 2 V 

Currents 

Collector current (d. c.) IC max. 150 mA 

Collector current (peak value; f > 1 MHz) ICM max. 300 mA 

Power dissipation 

Total power dissipation up to T~ = 125 °C Ptot max. 1.5 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 250 °C/W 

From junction to mounting base Rth j -mb 50 °C/W 

From mounting base to heatsink 
mounted with top clamping washer 
of 56218 and a boron nitride washer 
for electrical insulation Rth mb -h 1.2 °C/W 

1) IC = 10 mA. 

2 December 1969 



BFW17A 

CHARACTERISTICS 

Collector cut-off current 

IE = 0; V Cg = 20 V; Tj = 150 °C 

Knee voltage 

IC 

IC 

= 100 mA; Ig =value for which 

= 110 mA at VCE = 1 V 

(mA) 
110 
100 

D.C. current gain 

IC=50mA; VCE=SV 

IC = 150 mA; VCE = 5 V 

Tj = 25 °C unless otherwise specified 

VCEK1 VC 

Transition frequency 

IC = 150 mA; VCg = 15 V; f = 500 MHz 

E(V) noeee~ 

ICBO 

VCEK 

hFE 

hFE 

fT 

< 20 µA 

< 0.75 V 

> 25 

> 25 

typ. 1.1 GHz 

Collector capacitance at f = 1 MHz 

IE=Ie=O;VCg=15V Cc < 4 pF 

Feedback capacitance at f = 1 MHz 

IC = 10 mA; VCE = 15 V; Tamb = 25 ° C -CTe tYP• 1.7 pF 

Power gain  (not neutralized) 

IC=70mA; VCE=18V 

f = 200 MHz; Tam = 25 °C Gp typ. 16 dB 

December 1969 3 



BFW17A 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

1. Output power at f = 200 MHz; Tam = 25 oC 

IC = 70 mA; VCg = 18 V; V.5.W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = —30 dB 
measured at f(2q —p) = 208 MHz (Channel 9) 

Test circuit: 

Coil data: 

L1 

L2 

L3 

L4 = 

3 turns silver plated Cu wire (1.4 
int. diam. 8 mm; taps at 0.5 turn 
5.5 turns silver plated Cu wire (1 
int. diam. 8 mm. 
3 turns silver plated Cu wire (1.4 
int. diam. 8 mm. 
5.5 turns silver plated Cu wire (1 
int. diam. 11 mm. 

Po typ. 150 mW 

mm); winding pitch 2.7 mm; 
and 1.5 turns from earth. 
.4 mm); winding pitch 2.2 mm; 

mm); winding pitch 3.3 mm; 

.4 mm); winding pitch 2.2 mm; 

3041 
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BFW17A 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h.f. 
output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. G4~rrent and voltage clipping take place concurrently. 
This occurs if 

RL _ VCE - VCEK 
IC 

in which VCEK is the high frequency knee voltage. 

b. The h.f. collector current is as small as possible. 
This is so if -CL = +Coe> 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (experi-
mentally found) values of RL and Cl, are: 
RL = 220 S2; CL = -5.6 pF. 
COe is found by 4 pF of the transistor and 1.6pF by the mounting system concerning 
of a borium nitride washer between the envelope of the transistor and the chassis. 

Adjustment procedure 

1. Remove the transistor and connect a dummy consisting of a 220 S2 resistor in 
parallel with a 5.6 pF capacitor between the collector and emitter connections 
of the output circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V.S.W.R. = 1). 
After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-

imum power gain and good band pass curve. 
The V.S.W.R. of the output will then, in most cases, be _< 2 over the whole 
channel. 

Corrections can be made by tuning L2; this will not disturb the band pass curve. 
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BFW17A 

103

IC 
(mA) 

102

10 

1 

7208879 
VCE=5V 
Tj = 25°C 

typ max Ig 

10 102 .103

7208883 
VCE =5V  
Tj = 25°C 

80 200 

IChFE 
(mA) 

60 150 

typ 

40 100 

20 50 

00
050 100 IC mA)150 

6 

104 Ig (NA) 10 5

7208884 
VCE=5V 
T =25°C 

 ~,~ 
 n 
 ~i~~~~~~~~~~~~~ 
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BFW17A 

i 
100 

50 

00 

3000~P 2g00NA n
typical values 
Tj =25°C 

7208880 

2000NA 

1500NA 

00~~

Ig-500NA_ 

5 10 15 VCE (V) 20 

7zoeees 

2 
fT

(GHz) 

1.5 

1 

0.5 

VCE=15V 
 T = 25°C 
 fi =500MHz 

7zoeee~ 

00 
50 100 IC(mA)150 
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BFW17A 

Ptot 
(W) 

2 

1 

0. 

~zoeee~ 

A=mounted with a boron nitride 
washer on an infinite heatsink 

6 =mountedwith a boron nitride 
washer on a heatsink of 

50 cm2 (e.g. chassis) 

see also adjacent graph 

'~ 

B ~ 
6' 
~5~~ ~ 

.~~ o~~ 

-~_ 
~, s -

2so°~~w~ 

200 

100 

~zoeaez 
see also adjacent 
graph 

II

I 

100 Tam (°C) 200 - 0 2C VCE (V) 40 

I =Region of permissible operation under all base-emitter conditions and at all 
frequencies, including d. c. 

II =Additional region of operation at f > 1 MHz 

III =Operating under pulsed conditions is allowed, provided the transistor is cut-off 
with Rgg < 50 S2 and f > 1 MHz. 
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BFW30 

SILICON PLANAR EPITAXIAI TRANSISTOR 

r 

N-P-N multi -emitter transistorin aT0-72 metal envelope, with insulated electrodes 
and a shield lead connected to the case. The transistor has very low intermodulation 
distortion and very high power gain. 
It is primarily intended for: 
- Wideband vertical amplifiers in high speed oscilloscopes. 
- Wideband aerial amplifiers (40-860 MHz) 
- Television distribution amplifiers 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter; peak value) 

Collector -emitter voltage (open base) 

Collector current (peak value; f > 1 MHz) 

Total power dissipation up to Tam = 25 ° C 

Junction temperature 

Feedback capacitance at f = 1 MHz 
IC = 2 mA; VCE = 5 V 

Transition frequency 
IC = SOmA;VCg=SV;f=500 MHz 

Power gain (not neutralized) 
IC = 30mA;VCE=SV 

Intermodulation distortion 
IC = 30 mA; VCE = 6 V; RL = 37.5 S2 
Vo = 100 mV at fp = 183 MHz 
Vo = 100 mV at fq = 200 MHz 
measured at f(2q _p) = 217 MHz 

V CBOM 

VCEO 

ICM 

Ptot 

TJ

- Cre 

fT 

max.- 20 V 

max. 10 V 

max: 100 mA 

max. 250 mW 

max. 200 oC 

typ. 0.8 pF 

typ. 1.6 GHz 

f = 200 ~ 800 MHz 

Gp typ. 21 I7.5 dB 

dim tYP• -60 dB 

MECHANICAL DATA 

TO-72 
insulated electrodes 

Accessories available: 56246; 56263 

Dimensions in mm 

o~ 

5.3n'° 12.7 min 

1)=shield lead (connected to rnse) 

nab 
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BFW30 

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

Voltage s 

Collector -base voltage (open emitter; peak value) V CBOM max. 20 V 

Collector -emitter voltage (open base) 

IC = 10 mA VCEO max. 10 V 2) 

Emitter-base voltage (open collector) VEBO max. 2. 5 V 

Currents 

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

Collector current (peak value; f > 1 MHz) ICM max. 100 mA 

Power dissipation 

Total power dissipation up to Tam = 25 oC Ptot max. 250 mW 

Temperatures 

Storage temperature Tstg -65 to+200 oC 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.7 ° C/mW 

From junction to case Rth j -c = 0.5 °C/mW 

2 February 1969 



BFW30 

CHARACTERISTICS T~ = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 10 V 

D.C. current gain 

IC = 25 mA; VCE = 5 V 

IC = 50 mA; VCE = 5 V 

Transition frequency  1) 

IC = 50 mA; VCE = 5 V; f = 500 MHz 

Collector capacitance at f = 1 MHz 2) 

IE=Ie=O;VCg=SV 

Feedback capacitance at f = 1 MHz 1) 

IC = 2 mA; VCE = 5 V 

Noise figure 1) 

IC=2mA;VCE=SV 

f = 500 MHz; RS = 50 S2 

Power gain (not neutralized) 1) 

IC=30mA; VCE=SV;Ta~=25°C 

Intermodulation distortion 1) 

IC=30mA; VCE=6V; RL=37.5 S2;Ta~=25 

Vo = 100 mV at fp = 183 MHz 

Vo = 100 mV at fq = 200 MHz 
measured at f(2q-p) = 217 MHz 

Test circuit 

1) Shield lead grounded. 

2) Shield lead not connected. 

oC 

ICgp < 50 nA 

hFE > 25 

hFE > 25 

f7- typ. 1.6 GHz 

Cc < 1.5 pF 

-Cre typ. 0.8 pF 

F < 5 dB 

f = 200 800 MHz 

G P 
> 19 

typ. 21 7. 5 
dB 

dB 

dim tYP• -60 dB 
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BFW30 
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BFW30 

f 

I 

1 

60 

IC

(mA) 

40 

20 

7zoee2l 
VCE=SV 
T~ = 25°C 

typ 

00

7208817 

500 VgE(mV) 1000 

7208818 

IE —Ie — 0
f-1MHz 
T= 25°C 2 

C~ 
(pF) 

1.5 
~N■■■.MM~M~NM 

...~~~x 

■~~~NN~A  
M~~■~~~NgN~NN~ 

6 1 
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~~~ 
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BFW92 

SILICON PLANAR EPITAXIAL TRANSISTOR 
N-P-N transistor in a subminiature plastic T-package. It has a low noise over a wide. 
current range, a very high power gain and good intermodulation properties. 
It is primarily intended for: 
- Wide band aerial amplifiers (40-860 MHz) 
- Channel- and band aerial amplifiers for band I, II, III and I•V/V (40-860 MHz) 
- Television distribution amplifiers 
- Low noise wide band vertical amplifier in high speed oscilloscopes. 

QUICK REFERENCE DATA 

value; 

=500 

emitter; peak value) V CBOM 
(open base) VCEO 

f > 1 MHz) ICM 
to Tamb = 73 oC Ptot 

TJ 
MHz 

max. 25 
max. 15 
max. SO 
max. 130 
max. 125 

V 
V 
mA 
mW 
oC 

fT typ. 1.6 GHz 
= 1 MHz 

—CYe tYP. 0.6 pF 

F typ. 4 dB 
f = 200 800 MHz 

Tam = 25 °C Gp typ. 23 11 dB 
dB 
IC = 10 mA; VCE = 10 V Po typ. 8 8 mW 

Collector -base voltage (open 
Collector-emitter voltage 
Collector current (peak 
Total power dissipation up 
Junction temperature 
Transition frequency at f 

IC = 25 mA; VCE = 5 V 
Feedback capacitance at f 

IC = 2 mA; VCE = 5 V 
Noise figure at f =500 MHz 

IC= 2mA;VCE=SV;RS=5052 

Power gain (not neutralized) 
IC = 10 mA; VCE = 10 V; 

Output power at dim = —30 
V. S. W. R. at output < 2; 

MECHANICAL DATA 

t 
48 
max 

1 

-► 

i  0.15 
~ 1.1 f 
2.7 f 

mnx 

Dimensions in mm 

7259592 
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BFW92 

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

Voltages 

Collector-base voltage (open emitter; peak value) V CBOM max. 25 V 

Collector-emitter voltage (open base) VCEO max. 15 V 1) 

Emitter-base voltage (open collector) V EBO max. 2.5 V 

Currents 

Collector current (d. c.) IC max. 25 mA 

Collector current (peak value; f > 1 MHz) ICM max. 50 mA 

Power dissipation 

Total power dissipation up to Tam = 73 °C Ptot max. 130 mW 

Temperatures 

Storage temperature Tstg —40 to +125 oC 

Junction temperature Tj max. 125 oC 

THERMAL RESISTANCE 

From junction to ambient in free air 
mounted on a glass-fibre print *) 
of 40mmx25mmxlmm 

*) Requirements for glass-fibre print 

(dimensions in mm) 

1)AtIC= lOmA 

Rth j -a = 0.4 °C/mW 

2 September 1969 



BFW92 

CHARACTERISTICS T~ = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCg = 10 V 

Knee voltage 1) 

IC = 20 mA; IB =value for which 

IC = 22 mA at VCE = 1 V 

k 
(mA) 

'~o 

D.C. current gain 

IC= 2mA;VCE=1V 

IC = 25 mA; VCE = 1 V 1) 

Transition frequency  at f = 500 MHz 

IC= 2mA;VCE =SV 

IC = 25 mA; VCE = 5 V 1) 

Collector capacitance at f = 1 MHz 

IE=Ie =O;VCB=lOV 

Emitter capacitance at f = 1 MHz 

IC=Ic=O; V Eg=0.5V 

Feedback capacitance at f = 1 MHz 

IC = 2 mA; VCE = 5 V; Tam=25oC 

Noise figure at f = 500 MHz 

IC = 2 mA; VCE = 5 V; RS = 50 52; Tam = 25oC 

Power gain (not neutralized) 

IC = 10 mA; VCE = 10 V; Tam = 25 oC 

Measured under pulsed conditions. 

ICBp < 50 nA 

VCEK < 0.75 V 

> 20 
hFE < 150 

hFE > 20 

fT typ. 1.0 GHz 

f7. typ. 1.6 GHz 

Cc typ. 0.7 pF 

Ce typ. 1.5 pF 

- Cre typ. 0. 6 pF 

F typ. 4.0 dB 

f = 200 800 MHz 

Gp typ. 23 .11 dB 
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BFW92 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

1. Output power at f = 200 MHz; Tam = 25 °C 

IC = 10 mA; VCE = 10 V; V.S.W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = -30 dB 
measured at f(2q _p) = 208 MHz (Channel 9) 

Test circuit: 

L1 

12pF 

R5=50.n. 

Coil data: 

BF W 92 

L2 ,39pF 

4' 

12 pF~ 

T~ = 25 °C unless otherwise specified 

L3 

Po typ. 8 mW 

L4 2.2pF 

T 1nF~ ~_ 

1nF ~ T 1nF ~+24V 

VK200-10/4B 

L1 = 3 turns silver plated Cu wire (1.4 
int. diam. 8 mm; taps at 0.5 turn 

L2 = 5.5 turns silver plated Cu wire (1 
int. diam. 8 mm. 

L3 = 3 turns silver plated Cu wire (1.4 
int. diam. 8 mm. 

L4 = 5.5 turns silver plated Cu wire (1 
int. diam. 11 mm. 

mm); winding pitch 2.7 mm; 
and 1. 5 turns from earth. 

.4 mm); winding pitch 2.2 mm; 

mm); winding pitch 3.3 mm; 

.4 mm); winding pitch 2.2 mm; 

30.f1, 
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BFW92 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of —30 d6 is caused by h. f. 
output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

RL _ VCE - VCEK 
IC 

in which VCEK is the high frequency knee. voltage. 

b. The h.f. collector current is as small as possible. 
This is so if —CL = +Coe+ 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of —30 dB, the (exper-
imentally found) values of RL, and CL are: 
RL = 820 ~52; CL = —1.0 pF 

1
r
I 
t 

1 

Adjustment procedure 

1. Remove the transistor and connect a dummy consisting of a 820 S2 resistor in 
parallel with a 1.0 pF capacitor between the collector and emitter connections of 
the output circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V. S. W.R. =1). 
After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-
imum power gain and good band pass curve. 
The V. S. W. R. of the output will then, in most cases, be < 2 over the whole 
channel. 
Corrections can be made by tuning L2; this will not disturb the band pass curve. 

September 1969 J 



BFW92 

CHARACTERISTICS (continued) Tj = 25 oC unless otherwise specified 

Intermodulation characteristics 

2. Output power at f = 800 MHz; Tam = 25 oC 

IC = 10 mA; VCE = 10 V; V.S. W. R. at output < 2 
fp = 798 MHz; fq = 802 MHz; dim = —30 dB 
measured at f(2q _p) = 806 MHz (Channel 62) 

coupling link 
///i I 220pF 

12pF~ 

RS= 5o,n. 

)~ 

Ll L2 
N 

~12pF 

BFW92

L 

L3 

1. 

Po typ. 8 mW 

47

I

0pF 

l I ~~ 

12pF ~~ 12pF 
L4 

^T 1 T ̂ - l  l ~ ~~ 
1.5nF -T- -r 1.5nF 24Y 

~NIMT 72107 i3 

470pF 

VK 200 -10/46 

5041 

Coil data: 
L1 = 24 mm x 6 mm x 0. 5 mm silver plated Cu strip. 

Tap of the input at 5 mm from earth. 

L2 = 15 mm x 6 mm x 0. 5 mm silver plated Cu strip. 

L3 = 20 mm x 8 mm x 0. 5 mm silver plated Cu strip. 

L4 = 4 turns enamelled Cu wire (0. 5mm); winding pitch 1. 5mm; int. diam. 4mm 

Coupling link: 42 mm silver plated Cu wire (1 mm ). 

Basis of adjustment. 

At 800 MHz no dummy can be used to adjust for optimum collector load because at 

these frequencies the impedance transformations of a dummy are too high. A small 

signal at the mid-channel frequency of 802 MHz is fed to the input and increased un-

til clipping occurs; that is,until the output power no longer increases linearity with 

the input signal. This clipping can be eliminated by tuning the output circuit, thereby 

making the output power equal to 

1C (VCE - VCEK) 
Po = 

2 
- 40mW 

The output circuit is adjusted for minimum intermodulation if the input signal is as 

small as possible at Po = 40 mW. 

After this adjustment has been made no further change may be made in the output 

circuit. 

Adjust the input circuit for maximum power gain and good band pass curve. 

The V. S. W . R. of the output is then < 2 over the whole channel. 
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BFW92 

CHARACTERISTICS (continued) 

Intermodulation characteristics 

3. Intermodulation distortion 

IC = 10 mA; VCg = 6 V; RI,=37.5S2;Ta~=25 oC 

VO = 100 mV at fp = 183 MHz 

VO = 100 mV at fq = 200 MHz 
measured at f (2q _p~ = 217 MHz 

Test circuit: 

R5= 
5041 

BFW92
seoPF 

~i1 ~~l 
~'] Y 

~ v 

T 
l~ 
T 

L ~a 

~6~ 

dim typ. —45 dB 

--T-10nF 

47kd1 

Vp 

 Xt 12.6V 

~no~iz ~+ 5V 
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BFW92 

7210716 
I 1 I 

2 

fT

(GHz) 

1 

T =25'C 
f =500MHz 
~CE= 5V 

typ 

00
10 20 I C (mA) 30 
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BFX44 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a TO-18 metal envelope with the collector connected to the 

case. TheBFX44 is primarily intended for use as a low distortion common base 
linear output amplifier, capable of delivering an output voltage swing of at least 
20 V across a 400 S2 load at frequencies up to 150 MHz (e.g. as required for the 
output stage of a d.c. to 150 MHz vertical amplifier of a wide band oscilloscope) 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (R BE = 10 S2) VCER max. 23 V 

Collector current (peak value) ICM max. 250 mA 

Total power dissipation up to Tamb = 25 °C Ptot max. 360 mW 

Junction temperature T~ max. 200 °C 

Transition frequency 

IC = 10 mA; VCE = 10 V f7. > 500 MHz 

IC = 100 mA; VCE = 3 V fT > 300 MHz 

MECHANICAL DATA 

Collector connected to case 

TO-18 

E 
m 

Dimensions in mm 

5.3 ̀ "a x 

Accessories available: 56246, 56263 

12 7 min 
s ~ noa~is 

0 
E 

O 
t

June 1968 1 



BFX44 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max . 40 V 

Collector -emitter voltage (open base) VCEO max. 15 V 2 ) 

Collector -emitter voltage with RgE = 10 S2 VCER max. 23 V 2 ) 

Collector -emitter voltage with VBE = 0 VCES max. 40 V 

Emitter -base voltage (open collector) VEBO max. 4 V 

Currents 

Collector current (d.c. or average over 
any 20 ms period) IC max. 125 mA 

Collector current (peak value) ICM max. 250 mA 

Power dissipation 

Total power dissipation up to Tamb - 25 °C Ptot max. 360 mW 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a - 0.48 °C/mW 

From junction to ambient with cooling clip 
56263 Rth j -a = 0.28 oC/mW 

From junction to case Rth j -c - 0.145 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2)IC=10mA. 
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~FX44 

f 
t 

CHARACTERISTICS T~ = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; VCg = 20 V ICBO max. 100 nA 

IE = 0; VCg = 20 V; TJ = 150 °C ICBO rnax. 20 µA 

Emitter cut-off current 

IC = 0; VEB = 2 V Iggp max. 50 nA 

IC = 0; VEB = 2 V; T~ = 150 °C IBBO max. 20 µA 

Saturation voltages 

IC = 100 mA; IB = 10 mA VCEsat < 0.6 V 

VBEsat < 1.5 V 

D.C. current gain 

IC = 10 mA; VCE = 1 V hFE 40 to 120 

IC = 100 mA; VCE = 1 V hgg > 20 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; VCE = 5 V Cc < 4 pF 

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; VEB = 0.5 V Ce < 4,5 pF 

Transition frequency 

IC = 10 mA; VCE = 10 V fT > 500 MHz 

IC = 100 mA; VCg = 3 V fT > 300 MHz 

Feedback time constant 

-IE = 1 mA; VCB = 5 V; f = 10.7 MHz rbb'Cb'c < 40 ps 

Storage time 

IC = IB = -IgM = 10 mA is < 30 ns 

June 1968 3 



BFX44 

APPLICATION INFORMATION 

Vertical deflection stage of a wide band oscilloscope. 

+35V 

BFX44 ~ ~ BFX44 
~~-

6611 

s e0 

<4 ~~ ~~ BFX44 

cebt ~` d> Rte' g1
d.c. +30V ~ 

t35V~ 

66 

d 

BFX44 ~ BFX44 

660 

BFX44■ ~ ~ BFX44

~zwn 

delay line 2001E 

 N +sov 

divided vertical deflection plates of C.R.T. 

}--~ t 60V 
2000 

This circuit is capable of delivering an output voltage swing of at least 40 V 
(typ. 45 V) with a rise time of typ. 2.2 ns. 

4 June 1968 



BFX89 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P-N transistor in a TO-72 metal envelope, with insulated electrodes and a shield 
lead connected to the case. 
The transistor has a low noise, a very high power gain and good intermodulation 

properties. 

It is primarily intended for: 

- Channel aerial amplifiers for band I, II > III and IV/V (40-860 MHz) 
- Wide band aerial amplifiers (40-860 MHz). 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter; peak value) VCBOM max. 30 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

Collector current (peak value; f > 1 MHz) ICM max. 50 mA 

Total power dissipation up to Tamb = 25 oC Ptot max. 200 mW 

Junction temperature T~ max. 200 oC 

Transition frequency 

IC = 25 mA; VCE = 5 V; f = 500 MHz f1- typ. 1.2 GHz 

Feedback capacitance 
IC = 2 mA; VCg = 5 V; f = 1 MHz —C Ye typ. 0.6 pF 

f = 200 800 MHz 
Noise figure at optimum source impedance 

IC = 2 mA; VCg = 5 V F typ. 3.3 7 dB 

Power gain (not neutralized) 

IC=8mA;VCg=10V Gp typ. 22 7 dB 

Output power 
dim = —30 dB; V.S.W.R. at output <2 
IC=BmA;VCg=10V Po typ. 6 6 mW 

MECHANICAL DATA 

TO-72 
insulated electrodes 

0 
E 

.t 

Dimensions in mm 

0 
E 

0 

.3 ma:~ 12.7 min ' 
rzoano 

Accessories available: 56246, 56263 
~)=shkld tead(con~ected to case) 
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BFX89 

RATINGS Limiting values inaccordancewiththeAbsoluteMaximumSystem (IEC 134) 

Voltages 

Collector -base voltage (open emitter; peak value) VCBOM max. 30 V 

Collector -emitter voltage (peak value) RgE <50 S2 VCERM max. 30 V 1) 

Collector -emitter voltage (open base) VCEO max. 15 V 1) 

Emitter -base voltage (open collector) Vggp max. 2.5 V 

Currents 

Collector current (d.c.) IC max. 25 mA 

Collector current (peak value; f > 1 MHz) ICM max. 50 mA 

Power dissipation C 

Total power dissipation up to Tamb - 25 °C Ptot max. 200 mW 

Temperatures 

Storage temperature Tstg —65 to +200 oC 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a - 0.88 oC/mW 

From junction to case Rth j -c - 0.58 oC/mW 

1) IC = 10 mA. 

2 February 1969 



BFX89 

CHARACTERISTICS T) = 25 °C unless otherwise specified 

Collector cut-off current 

IE =O;VCB=15V 

Knee voltage 

IC = 20 mA; IB =value for which 
IC = 22 mA at VCE = 1 V 

(m22A) 

20 

VCEKI vCE(~~zoeeii 

D.C. current gain 

IC = 2mA;VCE=1V 

IC =25mA; VCE=1V 

Transition frequency 1) 

IC = 2mA;VCE=SV;f=500 MHz 

IC = 25 mA; V C g = 5 V ; f = 500 MHz 

Collector capacitance at f = 1 MHz 2) 

Ig=I e =O;VCB=10V 

Feedback capacitance at f = 1 MHz 1) 

IC=2mA;VCE=SV 

Noise figure 1) 

IC=2mA;VCE=SV 

f = 200 MHz; optimum source impedance 

f=500 MHz; RS=50 S2 

f = 800 MHz; optimum source impedance 

Power gain (not neutralized) 1) 

IC=BmA; VCE=lOV;Ta~=25oC 

1) Shield lead grounded. 
2) Shield lead not connected. 

ICBO < 10 nA 

VCEK < 0.75 V 

hF'E 

hFE 

fT 

f-r 

20 to 150 

20 to 125 

typ. 1.0 GHz 

typ. 1.2 GHz 

Cc < 1.7 pF 

- Cre typ. 0.6 pF 

F < 4 dB 

F < 6.5 dB 

F typ. 7.0 dB 

f = 200 800 MHz 

G 
> 19 

P tYP• 22 

- dB 

7 dB 

February 19b9 3 



BFX89 

CHARACTERISTICS (continued) 

Intermodulation characteristics 1) 

1. Output power at f = 200 MHz ; Tamb = 25 oC 

IC = 8 mA; VCg = 10 V; V.S.W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = —30 dB 
measured at f (2q _p) = 208 MHz (Channel 9) 

Test circuit: 

L1 

12pF~. 

T 

RS=50dL 

Coil data: 

L2 I 3.9pF 
I 

~; 

BFX89 
12pF~ 

7'~ 

T~ = 25 oC unless otherwise specified 

L3 

Po typ. b 

L4 2.2pF 

~30~(L 

T 1nFT m— 

1.5nF
~

I~1.5nF ~+24V 
_ __ ~zoeeio 

VK 200 -10/4 B 

L1 = 3 turns silver plated Cu wire (1.4 mm); winding pitch 2.7 mm; 
int. diam. 8 mm; taps at 0.5 turn 

L2 = 5.5 turns silver plated Cu wire (1 

int. diam. 8 mm. 
L3 = 3 turns silver plated Cu wire (1 .4 

int. diam. 8 mm. 
L4 = 5.5 turns silver plated Cu wire (1 

int. diam. 11 mm. 

1)Shield lead grounded. 

and 1.5 turns from earth. 
.4 mm); winding pitch 2.2 mm; 

mm) winding pitch 3.3 mm; 

.4 mm) winding pitch 2.2 mm; 
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BFX89 

t 

n 

I 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h.f. out-

put current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

R 
_ VCE - VCEK 

L 
- 1C 

in which VCEK is the high frequency knee voltage. 

b. The h.f. collector current is as small as possible. 

This is so if -CL = +Coen 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (experi-
mentally found) values of RL and CL are: 
RL,=1kS2;CL=-1,8pF 

Adjustment procedure 

1. Remove the transistor and connect a dummy consisting of a 1 kS2 resistor in par-

allel with a 1.8 pF capacitor between the collector and emitter connections of the 

output circuit. 

2. Tune and match the output circuit for zero reflection at 205 MHz (V.S.W.R. =1), 

After this adjustment, no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-

imum power gain and good band pass curve. 
The V.S.W.R. of the output will then, in most cases, be _< 2 over the whole 
channel. 
Corrections can be made by tuning L2; this will not disturb the band pass curve. 
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BFX89 

CHARACTERISTICS (continued) Tj = 25 oC unless otherwise specified 

Intermodulation characteristics 1) 

2. Output power at f = 800 MHz ; Tamb = 25 oC 

IC = 8 mA; VCE = 10 V; V.S.W.R. at output < 2 
fp = 798 MHz; fq = 802 MHz; dim = —30 dB 
measured at f (2q _p) = 806 MHz (Channel 62) 

Test circuit: 

coupling link 

I ~'220pF 

1 
of 

12pF 

///i 

Coil data: 

BFX89

1 

L3 

Po typ, 6 mW 

470pF 

12pF ~~ 

'1  L5nF 

VK 200 -10/48 

I 

L4 

720Nn 

 !r~ 
t 24V 

~~ 

Ll = 24 mm x 6 mm x 0.5 mm silver plated Cu strip. 
Tap of the input at 5 mm from earth. 

L2 = 15 mm x 6 mm x 0.5 mm silver plated Cu strip. 
L3 = 20 mm x 8 mm x 0.5 mm silver plated Cu strip. 
L4 = 4 turns enamelled Cu wire (0,5 mm); winding pitch 1.5 mm; 

int. diam. 4 mm. 
Coupling link: 42 mm silver plated Cu wire (1 mm). 

Basis of adjustment 

At 800 MHz no dummy can be used to adjust for optimum collector load because at 
these frequencies the impedance transformations of a dummy are too high. A small 
signalat the mid -channel frequency of 802 MHz is fed to the input and increased until 
clipping occurs; that is, until the output power no longer increases linearity with 
the input signal. This clipping can be eliminated by tuning the output circuit, thereby 
making the output power equal to 

P 
_ IC (VCE - VCEK) _ 35 mW 

° - 2 

The output circuit is adjusted for minimum intermodulation if the input signal is as 
small as possible at Po = 35 mW. 
After this adjustment has been made no further change may be made in the output 
circuit. 
Adjust the input circuit for maximum power gain and good band pass curve. 
The V . S . W . R , of the output is then < 2 over the whole channel . 

1) Shield lead grounded 

6 February 1969 



BFX89 

CHARACTERISTICS (continued) 

Intermodulation characteristics 1) 

3. Intermodulation distortion 

T~ = 25 °C unless otherwise specified 

IC = 8 mA; VCg = 6 V; RL = 37.5 S2 ; Tamb = 25 °C 
Vo = 100 mV at fp = 183 MHz 
V°  = 100 mV at fq = 200 MHz 
measured at f (2q _ p) = 217 MHz 

Test circuit: 

R5= S' 
50~f1 ~ 

BFX89 
680pF 

~~ 1 
R~ 

~~~

VO

dim typ. -40 dB 

l OnF 

T 
T10nF 

x+ 13.4V 

47k,(1 

1) Shield lead grounded . 

noeex  ~/(t 5V 

February 1969 7 
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50 

IC 
(mA) 

40 

30 

20 

. SIB=1.SmA 

■■■~. 
■■■ 
iii 
of 

.~ ~~ 

on 
unv 
ii  ~~~ 

s. 0.8mA 

=25°C 
Typicol values 

■~ ■ 

ii 

.; 

0.6mA 

ii ■~~~~~s ■~~~. 

~~. 

0.4mA 

i ~ ~■
i iuv_: nr. 
I: 

mac. 

  -- O.amA --
~~~~_ 
~~~~ 

~~~i 
/" 
I~~~_~r: 

00

..~~_ .. 

O.OSmA 

2 4 s 8 b 72 

N 0 
0 
0 

>4 v~E(v) 
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i 

I 

200 

6FE 

150 
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001 

9Z09B63 

v~E-1v 
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i 
C 

1 

w~ ~oX 

I~
 ~~ ty~ 

l0a

Ic

(mA) 

10 

1 

1010 , 

Q2 

Bo 

~C! 
T 

O5 

L  ~

~ ~ ~ 
l 

~-
 min 

.~ , 
2 5 1ID ~ I O(mA) 100 

cdlector current 
~i 

i 
i 

f 

i 
// 

~zos 34 

  v 
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i
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60 

IC 
(mA) 

40 

20 

~zoae~3 

2 
C~ 

(pF) 

1.5 

1 

0.5 

 fi —1M Hz 
IE=Ie = 0

 Tj _ 25°C  

noee~2 

r

•■■■ 
~_-

~~~~~ ~~N\ ~~~~~ ~~~~ ~ H~~~ ~YN 
~O 10 20 V~g(V)30 

~zoees~ 
VCE =5V 
T = 25°C 

 .typ 

00 
0 5 VgE(V) 1 
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20 
F 

(dB) 

15 

10 

5 

00.001 

15 

F 
(dB) 

10 

5 

~zoeela 
VCE= 5V 
f -500MHz 
R S = 50,fL 

tyP 

00 
10 IC mA) 20 

~zoeeis 
IC =2mA 
VCE=SV 
Zg =optimum 

typ 

 .~  r+ 

001 O1 
u
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~FY50to52 

SILICON EPITAXIAL PLANAR TRANSISTORS 

N -P-N transistorsinaTO-39 metal envelope with the collector connected to the case. 
These transistors are intended for general purpose industrial applications. 

QUICK REFERENCE DATA 

Collector -base voltage 

BFY50 BFY51 BFY52 

(open emitter) VCBO max. 80 60 40 V 

Collector -emitter voltage 
(open base) VCEO max. 35 30 20 V 

Collector current 
(peak value) ICM max. 1 1 1 A 

Total dissipation up to 

Tmb = 50 °C Ptot max. 5 5 5 W 

Junction temperature T~ max. 200 200 200 °C 

D.C. current gain at 
T~ = 25 ° C 

IC = 150 mA; VCE = 10 V hFE typ. 112 123 142 

Transition frequency 

IC = 50 mA; VCE = 10 V fT typ. 140 160 185 MHz 

Saturation voltage 

IC = 500 mA; IB = 50 mA VCEsat ~ 0.7 1.0 1.0 V 

MECHANICAL DATA 

TO -39 
Collector 
connected 
to case 

0.86 
max ~` 

v 
ti) 

max 

f s.t 

~ 9.4 y
max 

max. lead diameter is guaranteed only for 12.7 mm. 
Accessories supplied on request: 56218, 56245, 56265. 

1 

8.5 
max 

Dimensions in mm 

~~

max 

~ +0.48 
max 

0 

~tz7 ~_
min 7259322 

i September 1970 1 



BFY50to52 

RATINGS Limiting valuesinaccordancewiththeAbsoluteMaximumSystem(IEC134) 

Voltages BFY50 BFY51 BFY52 

Collector -base voltage 
(open emitter) VCBO max. 80 60 40 V 

Collector -emitter voltage 
(open base) VCEO max. 35 30 20 V 

Emitter -base voltage 
(open collector) VEBO max. 6 6 6 V 

Currents 

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

Collector current (peak value) ICM max. 1 A 

Emitter current (d. c.) -I E max. 1 A 

Emitter current (peak value) - IEM max. 1 A 

Reverse base current (peak value) -IBM max. 0. 1 A 

Power dissipation (See also page 8) 

Total power dissipation 
up to Tmb = 50 ° C Ptot max. 5 W 

Temperatures 

Storage temperature Tstg - 65 to+200 ° C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in 
free air Rth j -a = 220 °C/W 

From junction to case Rth j -c - 35 °C/W 

From junction to mounting base Rth j -mb = 30 °C/W 

2 September 1970 
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f 
I 

If 

CHARACTERISTICS 

Collector cut-off current 

IE = 0; VCB = 60 V 

IE = 0; VCB = 40 V 

IE = 0; VCg = 30 V 

IE = 0; VCg = 60 V; T~ =100 °C 

IE = 0; VCg = 40 V; T~ =100 °C 

IE = 0; VCB = 30 V; T~ =100 ° C 

Emitter cut-off current 

-IC = Q; VEB = 5 V 

IC = 0; VEg = 5 V; T~ =100 "C 

Saturation voltages 

IC=10mA;IB=1.OmA 

IC=150mA;Ig=15mA 

IC = 500 mA; IB = 50 mA 1 ~ 

IC =lA; IB=l00mA l ~ 

T~ = 25 ° C unless otherwise specified 

BFY50 BFY51 BFY52 

IC BO 
typ. 
< 

2 
50 

nA 
nA 

ICBO 
typ. 
< 

2 
50 

nA 
nA 

typ. 2 nA 
ICBO < 50 nA 

ICS 
typ. 
< 

100 
2.5 

nA 
µA 

ICS
typ. 

< 
100 

2.5 
nA 

µA 

typ. 100 nA 
IC BO < 2.5 µA 

typ. 2 2 2 nA 
IEBO < 50 50 50 nA 

IEBO 
typ. 0. 1 0. 1 0.1 µA 
< 2.5 2.5 2.5 µA 

VCEsat 
typ. 
< 

0.06 
0. 10 

0.06 
0. 15 

0.06' 
0. 15 

V 
V 

VBEsat 
typ. 
< 

0.'69 
1.2 

0.69 
1.2 

0.69 
1.2 

V 
V 

typ. 0.15 0.15 0.15 V 
VCEsat < 0.20 0.35 0.35 V 

typ. 0.92 0.92 0.92 V 
VBEsat < 1.3 1.3 1.3 V 

VCEsat 
typ. 0.35 0.35 0.35 V 
< 0.70 1.00 1.00 V 

typ. 1.15 1.15 1.15 V 
VBEsat < 1.5 1.5 1.5 V 

typ. 0.66 0.66 0.66 V 
VCEsat < 1.00 1.60 1.60 V 

VBEsat 
typ. 
< 

1.40 
2.0 

1.40 
2.0 

1.40 
2.0 

V 
V 

l ~ Measuredunderpulsedconditionstoavoid excessive dissipation. 
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BFY50to52 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

D.C. current gain BFY50 BFY51 BFY52 

> 20 30 30 
IC = 10 mA; VCE = 10 V hFE ryp . 80 85 90 

1)
> 30 40 60 

IC = 150 mA; VCE = 10 V hFE ryp. 112 123 142 

1) 
> 20 25 30 

IC = 500 mA; VCE = 10 V hFE ryp . 70 79 90 

1)
> 15 15 15 

IC = 1 A ;VCE = 10 V hFE ryp. 35 40 50 

Switching times (See also page 5) 

IC = 150 mA; +IB = -IBM = 15 mA 

delay time td ryp. 15 15 15 ns 

rise time tr typ. 40 40 40 ns 

storage time is typ. 300 300 300 ns 

fall time tf ryp. 60 60 60 ns 

Collector capacitance at f = 1 MHz 

IE =Ie =O;VCB =10V Cc < 12 12 12 pF 

Transition frequency at f = 35 MHz 

IC = 50 mA; VCE = 10 V 

h parameters at f = 1 kHz 

fq, > 60 
typ. 140 

50 

160 

50 
185 

MHz 
MHz 

IC=10mA; VCE =SV 

Input impedance hie < 750 750 750 S2 

Reverse voltage transfer ratio hre . < 5.0 5.0 5.0 10 -4

> 15 45 45 
Small signal current gain hfe 

typ. 90 100 110 

Output admittance hoe < 80 80 80 µS2-1

IC=1mA;VCE=SV 

> 10 30 30 
Small signal current gain hfe ~,p 60 65 70 

1)Measured under pulsed conditions to avoid excessive dissipation. 
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BFY50to52 

MEASUREMENT OF SWITCHING TIMES 

Fig. 1 :Circuit diagram 

input A 

tf=lns . j —12V 

tr= 1ns  ~ t+12V 

input B 

Fig.2 : Waveforms 

+Ig1=—Ig2 =15mA 

400.(L 

A=+BV 
B = —4V 

ACC =10V 

=150mA 

V°

transistor 
under test 

input A (ts and t f) input B (td and t r) 

-~90% f 
i V; 

 —>time I 

~ I 90% 1 90% 
I 1V° I ~ 
i -  -~10% + I- -10%

I{f~ j I{rl 

.-.+ts 
r-~- ~{~ r-~-

~,{off ~.ton,~ 
7203558 

Equipment Pulse generator: rise time tr = 1 ns 
pulse duration tp = 1µs 

—~0%

Double beam or 
dual trace oscilloscope: rise time tr < 5 ns 

7209544 

September 1970 5 



BFY50 to 52 

~—

OPERATING NOTES (Dissipation and heatsink considerations) 

1 . Steady-state conditions 
The max. allowable steady-state dissipation Ps is given by the relationship 

~'imax. - 'I'amb 
Ps max. -

Rth j -a 

where Tj max, is the maximum permissible operating junction temperature, 

Tam is the ambient temperature, 

Rth j -a is the total thermal resistance between junction and ambient. 

2. Pulse conditions (rectangular pulses) 

rz~ 
time 

The maximum allowable pulse power Pp is given by the formula 

_ (Tlmax. - Z'amb) - (Ps Rthj-a) Pp 
Z~ + S . Rth mb-a 

where Zth is the thermal impedance of the device between junction and mount-
ing base and is a function of the pulse duration t and duty cycle fi (see 
page 9), 

S is the duty cycle and is equal to the pulse duration t divided by the 
periodic time T, 

Rth mb-a is the total thermal resistance between mounting base and 
ambient. 

Example 

The following example shows how to calculate the maximum permissible 
peak dissipationof a BFY50 mounted infree air at a temperature notexceed-
ing 65 °C. The steady-state dissipation under the bottomed condition is 
350 mW, the pulse width is 1 ms and the duty cycle is 0.2. 

The thermal impedance Zth = 13 °C/W (from page 9) 

6 September 1970 
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OPERATING NOTES (continued) 

Pp max - 13 + 0.2 (220-30) 
(200-65) - (0.35 x 220) 

= 135 -77 _ 1.14W 
13 + 38 

The peak pulse dissipation of 1. 14 W is therefore allowed provided that the 
voltage and current ratings of the device are not exceeded. 

3. Pulse conditions (other than rectangular) 
For sinusoidal and irregular shaped waveforms, the power pulse is con-
verted to an equivalent rectangular pulse of the same average and peak 
values, and treated as in the previous section. 

Example 

The following example illustrates how to find the maximum permissible peak 
dissipation of a BFY52 operating in a class "B" circuit at 1 kHz. The device 
is mounted on a heatsink of thermal resistance equal to 50 °C/W and at an
ambient temperature not exceeding 1Q0 °C. Assuming that the waveform is 
sinusoidal for half period and zero for the other half, 

Average of sinewave over half cycle -

Therefore equivalent rectangular pulse width of same amplitude and average 
value, 

7203633 

t la 2 7'[ x 103 - 0.318 ms 

2 TC 
W W 

Duty cycle S = 2~/w - 

From page 9: Z~ p = 6.0 °C/W Rth )_~ = 30 °C/W 

Z~ (at S = 0. 318) = 6.0 + 0.318 (30-6.0) = 13.6 °C/W 

P 
_  (200-100) - 0  _ 3.39 W 

Pm~ 13.6+0.318x50 

A peak power of 3.39 W is therefore permissible provided that the voltage 
and current ratings of the device are not exceeded. 

September 1970 7 
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Ic  
ImAI 

102

10 
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10- ~ 

1250119 103

BFY50 I~  
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102

I 
10 
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R~ °m_.. 

1 

R8
RE _°° 

loon  50 n 

SOn 
II

10-~ 

103

I~ 
ImAI 

102

10 

1 

10-~ 

10 102 V~E(V) 

l zsalei 

1 BFY52 

Tmb=50°C 

I 

RB_m 
R - 

SOn ~_ 
10 102 V~EIV) 

]259190 

f 
BFY51 

Tmy=50°C 

a 
10 102 V~EIVI 

Safe Operating Area with the transistor 
forward biased 
I. Region of permissible d. c. operation 
II. Additional area for d. c. operation when 

Rg/Rg< lOS2 
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6 

Ptot 
(W) 

4 

2 

0 
0 

7256763 

heatsink material 
2mm blackened aluminium, mounted 
with accessory 56218 (non insulated) 

Rihj_mb=30°C/W 

Rt h j_ a =022°C/mW 
(without heatsink) 

103

Zth j—mb 

(°C/W) 

102

10 

1 

50 100 

0.5 

0 
150 200 0 

Tamb(°C) 

VcE=10V 
Tj =25°C 

7259776 

typ 

0.5 1 VBE(V) 1.5 

f l 11
7Z 59784 

J ~ 
t P f _tP 

t—T~ 5- 
T 

0.01 

10- ~ 
10-2

0 

5=1 

0.5 

0.33 
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10 ~ 1 10 102 103 t P(ms) 104

~` 
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zoo 

hFE 

150 

100 

50 

0 
10 

200 

7Z 59373 

typical values 
VcE=10V 
Tj=25°C 

~ r

BFY52 

BFY51

BFY50 

hFE 

150 

100 

50 

0 
-100 

10Z Ic(mA) 

7 Z 59311 

103
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10 

500 

1000 

-50 0 50 100 150 Tj(°C) 200 
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1.5 7259310 

~CEsnt 
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1 

0.5 

typical behaviour 

I ~ =10 
IB

I c -1000mA 

500 

150 

10 

0  
-50 

2 

CBE sat 
(V)  
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1 
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0 

7256792 
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T)=25°C 
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BFY55 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P -N transistor inTO-39metal case with the collector connected to the case. 

It is primarily intended for use in high frequency and very high frequency os-
cillators and amplifiers as well as for output stages of servo amplifiers. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 80 V 

Collector -emitter voltage (open base) VCEO max. 35 V 

Collector current (d. c.) 

Total power dissipation up to Tam = 25 °C 

Junction temperature 

D.C. current gain at TJ = 25 ° C 

IC=150mA;VCE=10V 

Transition frequency 

IC = 50 mA; VCE = 10 V 

Collector -emitter saturation voltage 

IC=lA; IB =100mA 

IC max. 1 

Ptot max. 800 

T~ max. 200 

hpE > 40 

f7. > 60 

VCEsat ~ 1 

A 

mW 

° C 

MHz 

V 

MECHANICAL DATA 

Collecter connected ma ~, ~,r45°"' 

to case 

TO-39 
1.0 

max 

t 5.1 

9.4 
max 

Dimensions in mm 

8.5 
max 

~o 

~6.6~ 
max 

0 

0.48 
~ max 

t _127 _ 
min ~ zzss3zz 

max.lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265 

August 1970 1 



BFY55 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) V CBO max. 80 V 

Collector-emitter voltage (open base) VCEO max. 35 V 

Emitter -base voltage (open collector) V EBO max. 7 V 

Currents 

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

Collector current (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 Tam = 40 °C Ptot max. 4 W 

Total power dissipation without cooling fin 
up to Tam  = 25 ° C Ptot max. 0. 8 W 

Temperatures 

Storage temperature Tstg -65 to +200 ° C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air R~ j_a = 0.22 °C/mW 

From junction to case Rth j _c = 0.035 ° C/mW 

I) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



BFY55 

CHARACTERISTICS 

Collector cut-off current 

TJ = 25 °C unless otherwise specified 

IE =O;VCB=60V ICBO < 10 nA 

IE = 0; VCg = 60 V; TJ = 150 °C 

Emitter cut-off current 

ICBO 

IEBO 

< 

< 

10 µA 

10 nA IC = 0; VEB - 5 V 

Saturation voltages 

IC = 150 mA; IB = 15 mA VCEsat < 0.2 V 

I 1 A; I 100 mA 1)2) C B 

Sustaining voltage 

VCEsat 
VBEsat 

VCEOsust 

< 
< 

> 

1.0 V 
1.6 V 

35 V IC = 30 mA; Ig = 0 2) 

D.C. current gain 2) 

IC =lOmA;VCE =10V hFE > 30 

IC =150mA;VCE=10V hFE 40 to 120 

IC =lA;VCE=10V 

Feedback time constant 

hFE 

rb' Cc 

Cc

Ce

fZ. 

> 

< 

< 

< 

> 

15 

800 ps 

12 pF 

80 pF 

60 MHz 

IC =10mA; VCg=lOV;f=4MHz 

Collector capacitance at f = 500 kHz 

IE =Ie =O;VCB=10V 

Emitter capacitance at f = 500 kHz 

IC =Ic =0; VEB=0.5V 

Transition frequency 

IC =50mA;VCE =10V 

1) Measured with a lead length of 1 cm. 

2) Measured under pulsed conditions to avoid excessive dissipation. 

Pulse duration = 300 µs; duty cycle b < 0.01 

June 1968 3 



BFY55 

6 

Ptot 

~~) 

4 

2 

Heatsink material 2mm blackened aluminium 
Mounted with accessory 56218 (non insulated) 

00 

a=0.22'C/mW(without hea tsink) 

N 
W 

w 
N 
q 

50 100 150 200 Tomb (°C) 250 
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770354 8-2.6 25. ee. 

Ic 
(mA) 

1000 

Area's of permissible operation 
fir different v~Lues of RB /RE

800 
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BFY90 

SILICON PLANAR EPITAXIAL TRANSISTOR 

r 

E 

-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield 
lead connected to the case. 
The transistor has very low noise over a wide current range, a very high powergain 
and excellent intermodulation properties. 
It is primarily intended for: 
- Channel- and band aerial amplifiers for band I, II, III and IV/V (40-860 MHz) 
- Wide band aerial amplifiers (40-860 MHz) 
- Television distribution amplifiers 
- Low noise wide band vertical amplifier in high speed oscilloscopes 
It is also suitable for military- and industrial applications, such as: 
- R.F. amplifiers and mixers for communication equipment 
- Microwave telephony link systems, wide band iof. amplifiers 
- Large bandwidth radar i.f. amplifiers 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter; peak value) VCBOM max. 30 V 

Collector-emitter voltage (open base) VCEO max. 15 V 

Collector current (peak value; f > 1 MHz) ICM max. 50 mA 

Total power dissipation up to Tam = 25 oC Ptot max. 200 mW 

Junction temperature TJ max. 200 °C 

Transition frequency 
IC = 25 mA; VCg = 5 V; f = 500 MHz fT typ. 1.4 GHz 

Feedback capacitance at f = I MHz 
IC=2mA;VCg=SV —Cre typ. 0.6 pF 

Noise figure at optimum source impedance f = 200 800 MHz 
IC =2mA;VCg=SV F typ. 2.5 5. 5 dB 

Power gain (not neutralized) 
IC = 14 mA; VCg = 10 V G P typ. 23 8 dB 

Output power 
dim = -30 dB; V.S. W. R. at output < 2 
I~;=14mA;VCg=10V Po typ. 12 12 mW 
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BFY90 

MECHANICAL DATA 

TO-72 
insulated electrodes 

~+ 
,~.~6 

1) 
C 

45° 

Dimensions in mm 

5.3"'°'x, 127min . 

~)=shield tead(conrnected to case) 

Accessories available: 56246; 56263 

RATINGS (Limiting values) 1) 

Voltages 

noe~m 

Collector-base voltage (open emitter; peak value) V CBOM max. 30 V 

Collector -emitter voltage (peak value) RBE < 50 S2 VCERM max. 30 V 2) 

Collector -emitter voltage (open base) VCEO max. 15 V 2~ 

Emitter-base voltage (open collector) VEBO max. 2.5 V 

Currents 

Collector current (d. c. ) IC max. 25 mA 

Collector current (peak value; f > 1 MHz) ICM max. 50 mA 

Power dissipation 

Total power dissipation up to Tam = 25 ° C Ptot max. 200 mW 

Temperatures 

Storage temperature Tstg -65to+200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 0.88 ° C/mW 

From junction to case Rth j -c 0.58 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2 )IC=10mA 
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BFY90 

i 
r 
i 

CHARACTERISTICS 

Collector cut-off current 

Ig = 0; VCg = 15 V 

Knee voltage 

IC = 20 mA; IB =value for which 
IC=22mA at VCg=1V 

T~ = 25 oC unless otherwise specified 

ICBO 

VCEK 

< 10 nA 

< 0.75 V 

~CEKt 
D.C. current gain 

Y~E(V1~zaeie 

hFg 25 to 150 IC = 2mA;VCE=1V 

IC = 25 mA; VCg = 1 V hFE 20 to 125 

Transition frequency 1) 
> 1 GHz 

IC= 2mA;VCg=SV;f=500 MHz fT typ. 
.0 

1.1 GHz 

IC=25mA; VCg=SV;f=500 MHz fT 
> 

typ. 
1.3 
1.4 

GHz 
GHz 

Collector capacitance at f = 1 MHz 2) 

IE =Ie =O;VCB=10V Cc < 1.5 pF 

Feedback capacitance at f = 1 MHz 1) 

typ. 0.6 pF 
IC = 2 mA; VCg = 5 V —Cre < 0.8 pF 

\oise figure 1) 

IC=2mA; VCg=SV 

f = 100 kHz; optimum source resistance F < 4 dB 

f = 200 MHz; optimum source impedance F < 3.5 dB 

f = 500 MHz; RS = 50 S2 F < 5 d6 

f = 800 MHz; optimum source impedance F typ. 5.5 dB 

f = 200 800 MHz 

Power gain (not neutralized) 1) 
> 21 dB 

IC =14mA; VCg=10 V;Tamb=25oC Gp
typ. 23 8 dB 

1) Shield lead grounded. 

2) Shield lead not connected. 
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BFY90 

CHARACTERISTICS (continued) 

Intermodulation characteristics 1) 

1 . Output power at f = 200 MHz ; Tam = 25 oC 

T) = 25 °C unless otherwise specified 

IC = 14 mA; VCg = 10 V; V.S.W.R. at output < 2 
fp = 202 MHz; fq = 205 MHz; dim = —30 dB 
measured at f 

(29 
_ p) = 208 MHz (Channel 9) 

Test circuit: 

12pF~. 
r 

Rg=50dL  

X 

L1 
BFY90

L2 ,3.9pF 

Coil data: 

T 1nFT 

12pF~ 
"~ 

L3 

Po 
> 10 mW 
typ. 12 mW 

L4 2.2pF 

~~ 

inFT T 1nF 
.ti.. 

L1 = 3 turns silver plated Cu wire (1 .4 
int. diam. 8 mm; taps at 0.5 turn 

L2 = 5.5 turns silver plated Cu wire (1 

int. diam. 8 mm, 

L3 = 3 turns silver plated Cu wire (1 .4 

int. diam. 8 mm, 
L4 = 5.5 turns silver plated Cu wire (1 

int. diam. 11 mm. 

1) Shield lead grounded 

VK 200 -10/48 

 ~+` 

J20B808 

mm); winding pitch 2.7 mm; 
and 1.5 turns from earth. 
.4 mm); winding pitch 2.2 mm; 

mm); winding pitch 3.3 mm; 

.4 m:n); winding pitch 2.2 mm; 

30dL 
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BFY90 

CHARACTERISTICS (continued) 

Basis of adjustment 

The intermodulation at an intermodulation distortion of -30 dB is caused by h.f. 
output current -voltage clipping. 
The maximum undistorted output power is realised, if 

a. Current and voltage clipping take place concurrently. 
This occurs if 

_ VCE - VCEK 
RL 

IC 
in which VCEK is the high frequency knee voltage. 

b. The h.f. collector current is as small as possible. 
This is so if -CL = +Coen 
in which COe is the output capacitance of the transistor at short circuited input. 

For maximum output power at an intermodulation distortion of -30 dB, the (exper-
imentally found) values of RL and CL are: 
RL =560 S2; CL =-1.8pF 

Adjusement procedure 

1. Remove the transistor and connect a dummy consisting of a 560 S2 resistor in 
parallel with a 1.8 pF capacitor between the collector and emitter connections of 
the output circuit. 

2 . Tune and match the output circuit for zero reflection at 205 MHz (V . S . W . R . = 1). 
After this adjustment,. no further change may be made in the output circuit. 

3. Replace the dummy by the transistor. Tune and match the input circuit for max-
imum power gain and good band pass curve. 
The V.S.W.R. of .the output will then, in most cases, be < 2 over the whole 
channel. 

Corrections can be made by tuning L2; this will not disturb the band pass curve. 
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BFY90 

CHARACTERISTICS (continued) Tj = 25 oC unless otherwise specified 

Intermodulation characteristics 1) 

2. Output power at f = 800 MHz; Tamb = 25 oC 

IC = 14 mA; VCE = 10 V; V.S.W.R. at output < 2 
fp = 798 MHz; fq = 802 MHz; dim = -30 dB 
measured at f(2q _p) = 806 MHz (Channel. 62) 

Test circuit: 

12pF 

R~= 50,(1 
U 

coupling link 

~~l 
L2 

~ 12pF 

~'l//, 

BFY90 

220pF 

1 
470pF~ ~~ 

L3 

Po typ. 12 m~V 

470pF 

~'"`~~ 
pF T2pF 

1.5nF T T 1bnF 

VK200-10/4B 

L 

~zonm  !Y 
+24' 

50.(]. 

Coil data: 

Ll = 24 mm x 6 mm x 0.5 mm silver plated Cu strip. 
Tap of the input at 5 mm from earth. 

L2 = 15 mm x 6 mm x 0.5 mm silver plated Cu strip. 
L3 = 20 mm x 8 mm x 0.5 mm silver plated Cu strip. 
L4 = 4 turns enamelled Cu wire (0.5 mm); winding pitch 1.5 mm; int. diam. 4 mm 
Coupling link: 42 mm silver plated Cu wire (1 mm). 

Basis of adjustment. 

At 800 MHz no dummy can be used to adjust for optimum collector load because at 
these frequencies the impedance transformations of a dummy are too high. A small 
signal at the mid-channel frequency of 802 MHz is fed to the input and increased 
until clipping occurs; that is, until the output power no longer increases linearily 
with the input signal. This clipping can be eliminated by tuning the output circuit, 
thereby making the output power equal to 

IC (VCE - VCEK) 
Po = 

2 
- 60 mW 

The output circuit is adjusted for minimum intermodulation if the input signal is as 
small as possible at Po = 60 mW . 
After this adjustment has been made no further change may be made`in the output 
circuit. 
Adjust the input circuit for maximum power gain and good band pass curve. 
The V . S . W . R. of the output is then < 2 over the whole channel 

1)Shield lead grounded 
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BFY90 

CHARACTERISTICS (continued) 

Intermodulation characteristics 1) 

3. Intermodulation distortion 

T~ = 25 0C unless otherwise specified 

IC = 14 mA; VCg = 6 V; R L = 37,5 S2; Tam = 25 0C 

Vo = 100 mV atfp=183 MHz 

Vo = 100 mV at fq = 200 MHz 
measured at f (2q _ p) = 217 MH-z. 

Test circuit. 

BFY90
680pF 

 ~~ 

Rs= ~ ~ 
50,[1 ~ 

Rt

dim typ. —50 dB 

680pF 
~~ I 

110nF 

T 
T iOnF 

47kd1 

~~ parameters at f = 500 MHz (common emitter) 

IC=2mA;VCg=SV 

Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 

Transfer admittance 

Phase angle of transfer admittance 

Output conductance 

Output capacitance 

Maximum unilateralised power gain 

_  IYfel2 
CUM 4giegoe 

IC = 2 mA ; V C g = 5 V ; f = 500 MHz 

1) Shield lead grounded 

I) 

~zaeers 

 lit 12.6V 

 ~+ 5V 

gie tYP• 16 mS2-1

C1e typ. 3,75 pF 

IY re l typ. 1.55 mS2-1

~ re tYP • 2580

~Yfe) tYP. 45 mS2-1

~Pfe tYP• 2850

goe tYP • 0,19 mS2-1

C Oe typ. 1.9 pF 

CUM tYP• 22 dB 
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BFY90 

APPLICATION INFORMATION 

Performance of channel- and band amplifiers 1) 

Frequency range 

Channel9 

202-209 

Channel 
55 

742-750 

Band 
II 

87.5-108 

Band 
III 

174-230 MHz 

Transistor used in 
final stage BFW16 BFW16 BFY90 BFW16 BFW16 BFW16 
driver stage 
second stage 

BFW16 BFY90 BF 183 BFW16 
BFY90 

BFW16 

first stage BFY90 BF200 BF200 BFY90 BFY90 BFY90 

Output power at 
1502 ) 60 10 80 

25 
mW 
mW 

dim = -30 dB 
dim = -50 dB 
dim = -60 dB 10 mW 

Power gain 44 48 49 30 42.5 39 dB 

Noise figure 6.3 5.7 5.5 7 6.0-6.5 6.2-6.7 dB 

V.S.W.R. over the 

< 2 < 2 < 2 < 2 < 2 < 2 
whole channel or band 

for the input 
for the output < 2 < 2 < 2 < 2 < 2 < 2 

Load impedance 30 30 30 50 30 30 S2 

Source impedance 60 60 60 50 60 60 S2 

1) Application information bulletins with detailed informations of all these amplifiers 

and a study of intermodulation are available on request. 

2)Vo =2.2VoverRL=30Slor 
Vo = 3VoverRL=60 S2. 
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2N918 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in TO-72 metal envelope with insulated electrodes and a 
shield lead connected to the case. The 2N918 is primarily intended for low 
power amplifiers and oscillators in the v.h.f. and u.h.f. ranges for industrial 
service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VSO max. 30 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

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

Total power dissipation up to Tam = 25 °C Ptot max. 200 mW 

Junction temperature TJ max. 200 °C 

Transition frequency 
IC =6mA;VCg=10V fT > 900 MHz 

Maximum unilaterised power gain 
IC = 6 mA; VCg = 12 V; f = 200 MHz GUM typ. 36 dB 

Noise figure at f = 60 MHz 
IC =1mA;VCg=6V;Rg=400 S2 F < 6 dB 

MECHANICAL DATA 

TO-72 
Insulated electrodes 

Dimensions in mm 

0 
E 

O 

5.3 max 
~ ► 

1).shield lead (connected to case) 

Accessories available: 56246, 56263 

12 
7 min 

rzoeoio 
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2N918 

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) 
IC = 3 mA VCEO max. 15 V 

Emitter -base voltage (open collector) VEBO max. 3 V 

Currents 

Collector current (d. c. ) 

Power dissipation 

Total power dissipation up to Tam = 25 ° C 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

IC 

Ptot 

Tstg 

Tj

max. 50 mA 

max. 200 mW 

-65 to +200 ° C 

max. 200 ° C 

Rth j -a - 0.88 ° C/mW 

R~ j_ c = 0.58 ° C/mW 
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2N918 

CHARACTERISTICS T~ = 25 ° C unless otherwise specified 
All measurements taken with ungrounded shield lead 

Collector cut-off current 

Ig=O; VCg=15V 

Ig=O; VCg=15 V; T~= 150°C 

ICgp < 10 nA 

ICBO < 1 µA 

Saturation voltages 

IC=lOmA; Ig=1mA VCEsat <0.4 V 

VBEsat < 1 V 

D.C. current gain 

IC = 3 mA; VCg = 1 V hFg > 20 

Collector capacitance at f = 140 kHz 

Ig=I e =O; VCg=lOV Cc <1.7 pF 

Ig=I e =O;VCg=O Cc <3.0 pF 

Emitter capacitance at f = 140 kHz 

IC = Ic = 0; Vgg = 0. 5 V Ce < 2.0 pF 

Transition frequency 

IC = 6 mA; VCE = 10 V 1) fT > 900 MHz 

Noise figure at f = 60 MHz 

IC=1mA;VCg=6V;RS=400 S2 F < 6 dB 

Oscillator power output at f = 500 MHz 

-IE=8mA;VCB=15V Po > 30 mW 

Maximum unilateralised power gain 

Yfel 2 

G[JM 4giegoe 

IC = 6 mA; VCg = 12 V; f = 200 MHz GUM typ. 36 dB 

1) JEDEC registration: IC = 4 mA; VCE = 10 V, fT > 600 MHz. 
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2N918 

CHARACTERISTICS (continued) T~=25 ° C 

Available power gain at f = 200 MHz 

IC =6mA Gp > 15 dB 

Basic circuit for measuring the available neutralised power gain 

Grounded shield lead 

5041 

V~ 

-7V +12v 

L1 = 3.5 turns tinned Cu wire, 1.3 mm 

d = 8 mm; length = 11 mm 

Tap at = 2 turns from earth side 

L2 = 8 turns tinned Cu wire, 1.3 mm 
d = 3 mm; length = 22 mm 

Tap at 1 turn from earth side 

L3 = 0.4 to 0.65 µH 

4 June 1971 



2N1613 

SILICON PLANAR TRANSISTOR 

N -P-N double diffused transistor in aT0-39 metal envelope with the collector 
connected to the case. The 2N1613 is intended for use in a wide variety of ap-
plications, such as d.c. and high frequency amplifiers and switching applica-
tions. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBp max. 75 V 

Collector -emitter voltage (RgE <lOS2) VCER max. 50 V 

Collector current (peak value) IC M max. 1 A 

Total power dissipation up to Tamb = 25 °C Ptot max. 0.8 W 

Junction temperature T~ max. 200 °C 

D.C, current gain 

IC = 0.1 mA; VCE = 10 V hpE > 20 

IC = 10 mA; VCE = 10 V hpg > 35 

IC = 150 mA; VCE = 10 V hpg 40 to 120 

Transition frequency 

IC = 50 mA; VCg = 10 V fT > 60 MHz 

MECHANICAL DATA 

Collector connected to case 
0.86 ~r 45°~' TO-39 ma~\

1.0 " ~ ~J 8.5 
max R ~~J max 

~ 5.1 

t _ 94 _~ 
max 

L _ 

6.6 i .   127 ,.
max min 

Dimensions in mm 

.o 

0 

+o4e 
max 

7Z 59322 

max.lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265. 

August 1970 1 



2N1613 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCg~ max. 75 V 

Collector -emitter voltage (Rgg<lOS2) VCER max. 50 V 

Emitter -base voltage (open collector) Vggp max. 7 V 

Current 

Collector current (peak value) IC~q max. 1 A 

Power dissipation 
.~ 
~~ Total power dissipation up to Tamb - 25 °C Ptot max. 0.8 W 

up to Tcase- 100 oC Ptot max. 1.7 W 

up to Tcase - 25 oC Ptot max. 3.0 W 

Temperatures 

Storage temperature Tstg —65 to +200 ° C 

Junction temperature T~ max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 220 oC/W 

From junction to case Rth j -c 58 °C/W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



2N1613 

CHARACTERISTICS Tamb = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCg = 60 V ICBO < 10 nA 

IE = 0; VCg = 60 V; Tamb = 150 °C ICBO < 10 µA 

Emitter cut-off current 

IC = 0; Vgg = 5 V IEBO < 10 nA 

Collector -emitter sustaining voltage 

IC =l00mA;RBg<lOS2 

Saturation voltages 

IC = 150 mA; IB = 15 mA 

D.C. current gain 

IC=O.1mA; VCg=10V 

IC= lOmA;VCg=10V 

IC=150mA; VCg=10V 

IC = 500 mA; VCg = 10 V 

IC = 10 mA; VCE = 10 V; Tamb ='S5 oC 

VCERsust > 

VCEsat 
VBEsat 

hFE 

hFE 

hFE 

hFE 

hFE 

50 V 1) 

< 1.5 V 1) 
< 1.3 V 1) 

20 

> 35 

40 to 120 

> 20 

20 

1) 

1)

1) 

h parameters at f = 1 kHz 

—Ig = 1 mA; VCg = 5 V 

Input impedance hib 24 to 34 S2 

Reverse voltage transfer hrb < 3 10 -4

Output admittance hob 0.1 to 0.5 µS2-1

—Ig = 5 mA; VCg = 10 V 

Input impedance hib 4 to 8 S2 

Reverse voltage transfer hrb < 3 10 -4

Output admittance hob 0.1 to 1.0 µS2 - 1 

Small signal current gain 

IC = 1 mA; VCg = 5 V hfe 30 to 100 

IC = 5 mA; VCE = 10 V hfe 35 to 150 

1) Measured under pulse conditions to avoid excessive dissipation. 

Pulse duration t < 300 µs, duty cycle S < 0.01 
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2N1613 

CHARACTERISTICS (continued) 

Transition frequency 

Tamb = 25 ° C unless otherwise specified 

IC =50mA; VCE=10V fT > 60 MHz 

Collector capacitance at f = 1 MHz 

Cc < 25 pF IE =Ie =O;VCB =10V 

Emitter capacitance at f = 1 MHz 

Ce < 80 pF IC =Ic =O;Vgg=0.5V 

Noise figure at f = 1 kHz 

IC=0.3mA; VCE=10V 
RS = 510 S2; Bandwidth: 200 Hz F < 12 dB 

4 June 1968 



2N1711 

SILICON PLANAR TRANSISTOR 

N-P-N double diffused transistor in a TO-39 metal envelope with the collector 
connected to the case. The 2N1711 is intended for use in a wide variety of ap-

plications, such as d.c. and high frequency amplifiers and switching applica-
tions. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBp max. 75 V 

Collector -emitter voltage (Rgg<IOSt) VCER max. 50 V 

Collector current (peak value) ICM max. 1 A 

Total power dissipation up to Tamb = 25 °C Ptot max. 0.8 W 

Junction temperature T~ max. 200 °C 

D.C. current gain 

IC = 0.1 mA; VCg = 10 V hFg > 35 

IC = 10 mA; VCE = 10 V hgE > 75 

IC = 150 mA; VCE = 10 V hgE 100 to 300 

Transition frequency 

IC = 50 mA; VCg = 10 V fT > 70 MHz 

MECHANICAL DATA 

Collector connected to case 

TO-39 

~5 
max 

Dimensions in mm 

,o  +0.48 
max 

 0 

~6.6~I~-127 
max min 7Z 59322 

max.lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265. 

August 1970 1 



2N1711 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 75 V 

Collector -emitter voltage (Rgg<lOSt) VCER max. 50 V 

Emitter -base voltage (open collector) VEBO max. 7 V 

Current 

Collector current (peak value) ICM max. 1 A 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Pt of max. 0.8 W 

up to Tcase = 100 oC Ptot max. 1.7 W 

up to Tcase = 25 oC Ptot max. 3.0 W 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a 220 °C/W 

From junction to case R th j -c 58 °C/W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



2N1711 

CHARACTERISTICS Tamb = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 60 V ICBO ~ 10 nA 

IE = 0; VCg = 60 V; Tamb = 150 ° C ICgO < 10 µA 

Emitter cut-off current 

IC = 0; VEB = 5 V IEBO < 5 nA 

Collector -emitter sustaining voltage 

IC = 100 mA; Rgg < 10 S2 VCERsust > 

Saturation voltages 

IC = 150 mA; IB = 15 mA 

50 V 1) 

VCEsat < 1,5 V 1) 

VBEsat < 1.3 V 1) 

D.C. current gain 

IC = 10 µA ;VCE = 10 V hgE > 20 

IC = 0.1 mA; VCE = 10 V hFE > 35 

IC = 10 mA; VCE = 10 V hgE > 75 

IC = 150 mA; VCE = 10 V hFE I00 to 300 

IC = 500 mA; VCg = 10 V hFE > 40 1) 

IC = 10 mA; VCE = 10 V; Tamb = —55 °C hFE > 35 

1) 

1) 

h parameters at f = 1 kHz 

—IE = 1 mA; VCg = 5 V 

Input impedance hlb 24 to 34 S2 

Reverse voltage transfer hrb < 5 10-4

Output admittance hob 0.1 to 0.5 µS2-1

—IE = 5 mA; VCB = 10 V 

Input impedance hib 4 to 8 S2 

Reverse voltage transfer hrb < 5 10-4

Output admittance hob 0.1 to 1.0 µS2-1

Small signal current gain 

IC = 1 mA; VCE = 5 V hfe 50 to 200 

IC = 5 mA; VCE = 10 V hfe 70 to 300 

1) Measured under pulse conditions to avoid excessive dissipation. 

Pulse duration t < 300 µs, duty cycle S < 0.01 

June 1968 3 



2N1711 

CHARACTERISTICS (continued) 

Transition frequency 

Tam = 25 oC unless otherwise specified 

IC = 50 mA; VCg = 10 V fT > 70 MHz 

Collector capacitance at f = 1 MHz 

Cc < 25 pF IE = Ie = 0; VCB = 10 V 

Emitter capacitance at f = 1 MHz 

Ce < 80 pF IC = Ic = 0; VEB = 0.5 V 

Noise figure at f = 1 kHz 

IC =0.3mA; VCE=10V 
Rg = 510 S2; Bandwidth: 200 Hz F < 8 dB 

4 June 1968 



2N1893 

SILICON TRANSISTOR 

High voltage n-p-n transistor in a TO-5 metal envelope with the collector connected 
to the case. 
It is intended for use in high performance amplifier, oscillator and switching appli-
cations . 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCBO max. 120 V 

Collector-emitter voltage (RBE < 10 S2) VCER max. 100 V 

Collector current (d.c.) IC max. 500 mA 

Total power dissipation up to Tcase = 25 °C Ptot max. 3.0 W 

Junction temperature T~ max. 200 ° C 

D.C. current gain 

IC = 0.1 mA; VCE = 10 V hFE > 20 

IC = 10 mA; VCE = 10 V; T = —55 ° C hFE > 20 

IC = 10 mA; VCE = 10 V hFE > 35 

IC = 150 mA; VCE = 10 V hFE 40 to 120 

MECHANICAL DATA 

Collector connected to case 

TO-5 

E 
tP 

Dimensions in mm 

a 
E 

O 

Amax 38.1 min 
]Z06662 

Accessories available: 56218, 56245, 56265. 

June 1968 1 



2N1893 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) VCBO max. 120 V 

Collector -emitter voltage (open base) VCEO max. 80 V 

Collector-emitter voltage (RBE < 10 S2) VCER max. 100 V 

Emitter-base voltage (open collector) VEBO max. 7.0 V 

Current 

Collector current (d.c.) IC max. 500 mA 

Power dissipation 

Total power dissipation up to Tam  = 25 ° C Ptot max. 0.8 W 

up to Tcase = 100 ° C Ptot max. 1.7 W 

up to Tcase - 25 ° C Ptot max. 3.0 W 

Temperatures 

Storage temperature Tstg —65to +200 ° C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a - 219 ° C/W 

From junction to case Rth j -c 58.3 ° C/W 

Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2 



2 N 1893 

CHARACTERISTICS 

Collector cut-off current 

Tam  = 25 ° C unless otherwise specified 

IE = 0; VCB = 90 V ICBO < 10 nA 

IE = 0; VCB = 90 V; Tam  = 150 ° C ICBO < 15 µA 

Emitter cut-off current 

IEBO < 10 nA IC = 0; VEB = 5 V 

Collector emitter sustaining voltage 1) 

IC = 100 mA; RBE > 10 Sl VCER Bust > 100 V 

IC = 30 mA; IB = 0 VCEO Bust > 80 V 

Saturation voltages 1) 

VCE sat < 5.0 V 
IC = 150 mA; IB = 15 mA 

VBE sat < 1.3 V 

IC = 50 mA; IB = 5 mA VCE sat < 1.2 V 

VBE sat 
< 

0.9 V 

Breakdown voltages 

IE = 0; IC = 100 µA 
V(BR) CBO > 120 V 

IC = 0; IE = 100 µA 
V(BR) EBO > 7.0 V 

D . C . current gain 

IC = 0.1 mA; VCE = 10 V hFE > 20 

IC = 10 mA; VCE = 10 V; T = —55 ° C hFE > 20 

IC = 10 mA; VCE = 10 V 1) hFE > 35 

IC = 150 mA; VCE 10 V 1) hFE 40 to 120 

1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t < 300 µs, duty cycle S < 0.02 
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2 N 1893 

CHARACTERISTICS (continued) Tamb = 25 

h parameters at f = 1 kHz (common base) 

°C unless otherwise specified 

IC = 1mA;VCE =SV 

Input impedance hib 20 to 30 S2 

Reverse voltage transfer ratio hrb 1.25 
10_4

Output conductance hob 0.5 µSt-1

IC =SmA;VCE =10V 

Input impedance hib 4 to 8 S2 

Reverse voltage transfer ratio hrb 1.50 
10_4

Output conductance hob 0.5 µS2-1

Small signal current gain (common emitter) 

IC = 1 mA; VCE = 5 V; f = 1 kHz 
hfe 30 to 100 

IC = 5 mA; VCE = 10 V> f = 1 kHz 
hfe > 45 

IC = 50 mA; VCE = 10 V; f = 20 MHz hfe > 2.5 

Collector capacitance 

IE = Ie = 0; VCB = 10 V Cc < 15 pF 

Emitter capacitance 

IC = Ic = 0; VEB = 0.5 V Ce < 85 pF 

4 June 1968 



2N2297 

SILICON PLANAR EPITAXIAL TRANSISTOR 
N-P-N transistor in aT0-39metal envelope 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. 

RATINGS (Limiting values) 

Voltages 

Collector -base voltage (open emitter) 

Collector -emitter voltage (open base} 

Emitter -base voltage (open collector) 

Current 

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

Power dissipation 

Total power dissipation up to Tamb - 25 ° C 

up to Tcase ' 100 °C 

up to Tcase - 25 °C 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

MECHANICAL DATA 
0.86 

Collecter connected max 

to case 

TO- 39 
1.0 ~ ~ ~~ 8.5 

max R ~~/ max 

VCBO max. 80 V 

VCEO max. 35 V 

VEBO max. 7 V 

IC max . 1 A 

Ptot max. 0.8 W 

Ptot max. 2.8 W 

Ptot max. 5.0 W 

Tstg -65 to +200 °C 

Tj max. 200 °C 

Rthj-a - 0.22 °C/mW 

Rthj-c - 0.035 °C/mW 

Dimensions in mm 

f 5.1 

~ 9.4 ~ 
max 

max.lead diameter 

max 

.o 

_  127 ,.
min 

0.48 
} mnx 

1Z 59322 

is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265 
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2N2297 

CHARA(:1'hRISTICS 

Collector cut-off current 

Tam = 25 °C unless otherwise specified 

IE =O; VCB=60V ICBO < 10 nA 

IE = 0; VCB = 60 V; Tamb = 150 °C ICBO < 10 µA 

Emitter cut-off current 

IEBO < 10 nA IC = 0; VEB = 5 V 

Sustaining voltage 

VCEOsust > 35 V IC = 30 mA; IB = 0 2) 

Saturation voltages 

IC = 150 mA; IB = 15 mA VCEsat < 0.2 V 

IC = 1 A; Ig = 100 mA 1)2) VCEsat 
VBEsat 

< 
< 

1.0 
1.6 

V 
V 

D.C. current gain 2) 

IC = 10 mA; VCE = 10 V hFE > 30 

IC = 150 mA; VCE = 10 V hgg 40 to 120 

IC=lA;VCE=10V hgg > 15 

Feedback time constant 

rb'Cc < 800 ps IC = 10 mA; VCB = 10 V; f = 4 MHz 

Collector capacitance at f = 500 kHz 

Cc < 12 pF IE = Ie = 0; VCB = 10 V 

Emitter capacitance at f = 500 kHz 

Ce < 80 pF IC = Ic = 0; VEB = 0.5 V 

Transition frequency 

fT > 60 MHz IC=50mA; VCE=10V 

1) Measured with a lead length of 1 cm. 

2) Measured under pulsed conditions to avoid excessive dissipation. 

Pulse duration t = 300 µs; duty cycle b < 0.01 



2N2483 
2N2484 

SILICON PLANAR TRANSISTORS 

N -P-N transistors in a TO-18 metal envelope 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 d.c. and frequencies up to 

100 MHz . 

QUICK REFERENCE DATA 

2N2483 2N2484 

Collector -base valtage (open emitter) VCBO max. 60 60 V 

Collector -emitter voltage (open base) VCEO max. 60 60 V 

Collector current (peak value) ICM max. 50 50 mA 

Total power dissipation 
up to Tamb = 25 °C Ptot max. 360 360 mW 

Junction temperature T~ max. 200 200 ° C 

D.C. current gain at T~ = 25 oC 

IC = 10 µA ; VCg = 5 V hgg 40 to 120 100 to 500 

IC = 1 mA; VCE = 5 V hgg > 175 250 

IC = 10 mA; VCE = 5 V hFE < 500 800 

Transition frequency 

IC = 0.5 mA; VCE = 5 V fT typ. 80 80 MHz 

Noise figure 

IC = 10 µA; VCE = 5 V; R g = 10 kS2 

Bandwidth: 15.7 kHz F < 4 3 dB 

MECHANICAL DATA 

Collector connected 
to case 

TO-18 

E 

~~ 

Dimensions in mm 

0 
E 
m 

0 
 ~~ 

5.3"'° 12.7 mtn 
noens 

Accessories available: 56246, 56263 

June 1968 1 



2N2483 
2N2484 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max . 60 V 

Collector -emitter voltage (open base) VCEO max . 60 V 

Emitter -base voltage (open collector) VEBO max. 6 V 

Currents 

Collector current (peak value) 1CM max. 50 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 oC Ptot max. 360 mW 

Temperatures 

Storage temperature Tstg -65 to +200 ° C 

Junction temperature Tj max . 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.48 °C/mW 

From junction to case Rth j -c = 0.15 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



2N2483 
2N2484 

CHARACTERISTICS 

Collector cut -off current 

Tj = 25 °C unless otherwise specified 

Ig = 0; VCg = 45 V ICBO < 10 nA 

IE = 0; VCg = 45 V; Tj = 150 ° C ICBO < 10 µA 

Emitter cut-off current 

IEBO < 10 nA IC = 0; VEg = 5 V 

Base-emitter voltage 

IC = 0.1 mA; VCS = 5 V VgE 0.5 to 0.7 V 

Collector -emitter saturation voltage 

VCEsat < 350 mV IC=1mA;Ig=0.1mA 

D.C. current gain 2N2483 2N2484 

IC = 1µA; VCE = 5 V hFE 30 

IC = 10 µA; VCE = 5 V hFE 40 to 120 100 to 500 

IC = 10 µA; VCE = 5 V; Tj = 55 oC hFE > 10 20 

IC = 100 µA; VCg = 5 V hFE > 75 175 

IC = 500 µA; VCg = 5 V hFE > 100 200 

IC= 1mA;VCE=SV hFE > 175 250 

IC= IOmA;VCg=5V 1) hFE < 500 800 

Collector capacitance at f = 1 MHz 

Cc < 6 6 pF IE = Ie = 0; VCg = 5 V 

Emitter capacitance at f = 1 MHz 

Ce < 6 6 pF IC = Ic = 0; VEg = 0.5 V 

Transition frequency 

fT > 12 15 MHz IC = 50 µA; VCE = 5 V 

> 60 60 MHz 
IC = 500 µA; VCg = 5 V fT 

typ. 80 80 MHz 

1) Measured under pulsed conditions to prevent excessive dissipation. 

Pulse duration t < 300µs; duty cycled < 0.01 

June 1968 3 



2N2483 
2N2484 

CHARACTERISTICS (continued) 

Noise figure 

TJ = 25 oC unless otherwise 

2N2483 

specified 

2N2484 

IC = 10 µA; VCg = 5 V; RS = 10 kSl 

f = 100 Hz; bandwidth 20 Hz F < 15 10 dB 
f = 1 kHz; bandwidth 200 Hz F < 4 3 dB 
f = 10 kHz; bandwidth 2 kHz F < 3 2 dB 

Wide band: bandwidth 15.7 kHz 

h parameters at f = 1 kHz 

F < 4 3 dB 

IC=1mA;VCg=SV 

Input impedance hie 1.5 to 13 3.5 to 24 kSl 
Reverse voltage transfer hre < g 8 10 - 4 
Small signal current gain hfe 80 to 450 150 to 900 
Output admittance hoe < 30 40 µ$~-1

4 June 1968 



2 N3570 to 72 

SILICON PLANAR EPITAXIAL TRANSISTORS 
N-P-N transistors in a TO-72 metal envelope with insulated electrodes and a shield 
lead connected to the case. 
They are primarily intended for low power r.f. amplifiers and oscillators in the 
v.h.f. and u.h.f. ranges for industrial services. 

RATINGS (Limiting values) 

Voltages 

Collector -base voltage (open emitter) 

Collector -emitter voltage (open base) 
IC =15mA 

Emitter -base voltage (open collector) 

Current 

Collector current (d . c . ) 

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 

2N3570 2N3571 2N3572 

VCBO max. 30 25 25 V 

VCEO max. 15 15 13 V 

VEBO max. 3 3 3 V 

IC max . 50 mA 

Ptot max. 200 mW 

Tstg —65 to +200 °C 

Tj max. 200 °C 

Rth j -a = 

Rth j -c = 

0.88 °C/mW 

0.50 °C/mW 

MECHANICAL DATA Dimensions in mm 

Insulated electrodes 

TO-72 

a 
E 

0 
E 

O 

5.3 max 
~ ►. 

1)=shield lead (connected to case) 

Accessories available: 56246, 56263 

~2 7 min 
noeno 

~~ 

June 1968 1 



2N3570 to 72 

CHARACTERISTICS T~ = 25 oC unless otherwise specified 

The shield lead is grounded for all measurements except for Cre 

Collector cut-off current 
2N3570 2N3571 2N3572 

10 10 10 Ig = 0; VCg = 6 V ICBO < nA 

Ig=O; VCg=6 V;T~=150°C ICBO < 1 1 1 µA 

D.C. current gain 
> 20 20 20 

IC=SmA; VCg=6V hFE < 150 200 300 

Small signal current gain 
> 20 20 20 

IC = 5 mA; VCg = 6 V; f = 1 kHz hfe < 200 250 350 

Collector -base time constant 
> 1 1 1 ps 

—IE = 5 mA; VCB = 6 V; f = 10.7 MHz rbb~Cb~c < 8 10 13 ps 

Feedback capacitance 

IE =O;VCB=6V;f=1 MHz —CTe < 0.75 0.85 0.85 pF 

Transition frequency 

IC=SmA;VCE =6V f T 
> 1.5 

2.4 

1.2 

2.4 

1.0 
2.4 

GHz 
GHz 

Noise figure 

F < 7 dB 

—Ig = 2 mA; VCB = 6 V 

f = 1 GHz; RS = 50 S2 

f=450 MHz; RS=100 S2 F < 4 6 dB 

2 June 1968 



40820 

HIGH FREQUENCY PACKAGE 

The high frequency package 40820 contains three silicon transistors selected 
from the BF194 and BF195 products. 
The BF194B is intended for use as mixer-oscillator transistor, 
the BF195C for controlled first i.f, transistor, 
the BF195D for second i.f. transistor. 
The low hgE spread of the transistors makes it possible to apply current bias -
ing (one base resistor) and achieve a gain with small spread and low dependence 
on supply voltage, even at low battery voltages. 
The transistors have a plastic envelope with stiff, self-locking pins suitable 
for use with standard printed wiring-boards. 

QUICK REFERENCE DATA 

Base current 

IC =1mA; VCE=10 V 
BF194B 
BF195C 

IB 
IB 

5 to 9 
9 to 14 

µA 
µA 

BF195D Ig 14 to 26 µA 

Conversion noise figure of mixer BF194B 

IC =1mA;VCg=10V 

GS=1.OmSZ-1;f=1MHz Fc typ. 2 dB 

FOR THE DATA OF THE INDIVIDUAL TRANSISTORS PLEASE 
REFER TO THE DATA SHEETS OF THE BF194 AND THE BF195 

June 1968 1 
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40820 

CHARACTERISTICS 

y parameters (common emitter) 

IC = 1 mA; VCE = 10 V (lead length = 3 mm) f = 10.7 MHz f = 0.45 MHz 

Input conductance BF194B gie < 0.5 0.4 mS2-1
BF 195C gie 

gie 

< 
< 

0.64 
0.95 

0.54 
0.85 

mSl-1
mSt-1BF 195D 

Output conductance BF194B goe 
typ. 
< 

10 
13.5 

6.5 
11.5 

uH
-1

µ~-1

BF195C goe 
typ. 
< 

6.5 
9.5 

4 
7 

~~-i 

µ~
-1

BF195D goe 
typ. 
< 

4 
9.5 

2 
7 

µ~-1

µ~-1
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MAINTENANCE TYPE 40822 

PACKAGE FOR COLOUR DIFFERENCE AMPLIFIERS 

The package 40822 consists of three n-p-n silicon planar transistors BF179A; 
BF179B and BF179C, intended for application in colour difference amplifiers of 
television receivers. 
The BF179A is meant for the G-Y amplifier, 
the BF179B for the R-Y amplifier and 
the BF179C for the B-Y amplifier. 

QUICK REFERENCE DATA 

G-Y 
amplifier 

R-Y 

amplifier 
B-Y 

amplifier 

Peak-peak output voltage 100 

Bandwidth (3 dB ) 1 

170 

1 

200 V 

1 MHz 

Transient response 

rise time 300 ns 

fall time 300 ns 

overshoot < 5 

MECHANICAL DATA 

TO-5 
Collector connected to case 

o~ 
E 
~~ 

ma: 

Dimensions in mm 

0 
E 
m 

 I

38.1 min 
noesez 

Accessories available: 56218; 56245; 56265 

June 1971 



40822 

~~ 

APPLICATION INFORMATION 

Application as colour difference amplifier 

The circuit below is able to drive shadow mask colour picture tubes with screen 
sizes up to 25". 

+235V + 235V 

+ 25v 

B-V 
7eno1 

+25V 

8-V 200VPP 

Il T22nF 

+235V 
G -V 100VPD _ ~ R ~ V 170VPP 

~ ~r~ , ~~ ~ ~ ~~ 
y T 

= 1 
+25 

2.2nF 

BF179C ~ ~7{ BF179A 

BF 194 

910 S7, 

8 F I 39GpF 

120pF 3~ 

S6pF 

T 2.2nF 

BF1798

100~(L 

+25V 

I 

R-V 
demotl. 

Performance up to Tamb - 55 °C G -Y 
amplifier 

R -Y 
amplifier 

B-Y 
amplifier 

Gain 30 50 

Peak-peak output voltage 100 170 200 V 

Bandwidth (3 dB) 1 1 1 MHz 1) 

Transient response 1 ) 
rise time 300 ns 

fall time 300 ns 

overshoot < $ 

NOTE 

In order not to exceed the junction temperature rating, the thermal resistance 
from junction to ambient should have the following values: 

G -Y output stage: Rth j -a 220 °C/W --► 

R -Y output stage: Rth j -a —~ 110 °C/W 2 ) 
B -Y output stage: Rth j -a 85 °C/W 2) —~ 

~)  total load capacitance < 30 pF, including the capacitance due to the 

heatsink. 
2) To ensure the above mentioned performance for bandwidth and transient res -

ponse, the contribution of the heatsink to the total output capacitance of the 
device should not exceed 4 pF. 

2 MAINTENANCE TYPE June 1971 



40822 

C DATA OF THE INDIVIDUAL TRANSISTORS 

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

Voltages BF 17 9A BF179B BF179C 

Collector-base voltage (open emitter) VCgp max. 160 220 250 V 1) 

Collector emitter voltage (RBg < 1 kSt) VCER max.160 220 250 V I) 

Emitter-base voltage (open collector) VEBp max. 5 5 5 V 

Currents 

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

Collector current (peak value) I CM max. 50 mA 

Power dissipation 

Total power dissipation up to Tmb = 130 oC Ptot max. 1.7 W 

Temperature s 

Storage temperature Tstg -55 to +175 ° C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 220 °C/ W 

From junction to mounting base Rth j -mb = 40 oC/ W 

From junction to case Rth j -c - 45 °C/ W 

1) During switching on, a supply voltage of 1.2 times the rated VCER value is per-
mitted. 
The current must be limited so that maximum dissipation and maximum junction 
temperature are not exceeded. (See page 5) 
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40822 

DATA OF THE INDIVIDUAL TRANSISTORS 
CHARACTERISTICS 

Collector cut-off current 

10kdL 

Tj = 25 oC unless otherwise specified 

BF179A; VCE = 160 V ICER < 1 mA 
BF179B; VCE = 220 V ICER < 1 mA 
BF179C; VCE = 250 V ICER < 1 mA 

Tj = 200 °C BF179A; Vg = 160 V ICER < 2 mA 
BF179B; Vg = 225 V ICER < 3 mA 
BF179C; VS = 260 V ICER < 4 mA 

Base current 

IC = 20 mA; VCE = 15 V 

Base-emitter voltage 1) 

IC =20mA; VCE=15V 

High frequency knee voltage at Tj = 150 

IC =20mA 

oC 

IB

VBE 

VCEK 

typ. 0.45 mA 
< 1.0 mA 

typ. 0.75 V 
< 1.2 V 

typ. 15 V 

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

emitter voltage at which the small signal gain, measured in a practical cir-

cuit, has dropped to 80°0 of the gain at VCE = 50 V. A further decrease of the 

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

signal. 
Tj =150°C gain 

IC=30mA 
BF178 (100 

20mA BF179 80 
15 mA BF177 

static knee 
- - -  voltage 

1 f(MHz)10 
7208272 

Feedback capacitance 

IC =10mA; VCE=20V;f=0.5MHz 

Feedback time constant 

-IE =lOmA;V~=15V;f=10 MHz 

Transition frequency 

IC=10mA; VCE=15V 

0 VCEK 
7Z082]3 

50 VCE(V) 

- C re 
typ. 
< 

1.8 
3. 5 

pF 
pF 

typ. 20 ps 
rbb'Cb'c < 100 ps 

f-r typ. 120 MHz 

1) VBE decreases by about 1.6 mV/oC with increasing temperature. 
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40822 

maximum allowable peak power dissipation versus duration 

4 

PM 
(W) 

3 

2 

1 

~zoe~se 
  n ree air   

~o,v.~ 
■~~~,~ 

 ni::i~ 
 v~:. 
 ~~~~. 

-~~~~.

4 

PM 
(W) 

3 

2 

1 

00 50 100 150 00 
duration (s) 

~zoe~ss 

50 100 150 
duration (s) 
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2 

Ptot 
(W) 

15 

1 

0.5 

7zoe2e3 

~~~~~~~N~~~~~~\~N~ ~~N~~~N 

■■■■~. 

mounte• with heatsink 
such that Rth j-a=110°C 
mounted with heatsink 
such that Rth )_a =85°C/ Nv~~ ■..~.■ 

■cr~~► ru~N~ uN~ 
O YNN 1 
N~7/~U 
N~,~ ~ 

■~~~~. 
. t\\ 

.~~■~~ 
 ~~1NN 

 v►~ou 

i,~~~~N■ 
 u 
a~,v n ■~~ ~~~ 
n■v~
t1~►,

■.,~o 

00 

60 

IC 

(mA) 

40 

20 

►~
100 

60 

IC 

(mA) 

40 

20 

200 300 0 
Tamb(°C) 

7207337 

VCE =15V 
Tj = 25'C 

typ i
7207339 

~~typical values ~~~~~~~~ 
■■ Tj = 25°C ■■■■■■■■ 

■■■■■■■■■■■■~!i~■ ■■■■■■■■■■~i~~!~i~ ■■■■■■■■Ri/5i■■■■~ ■■■■■■■~/_i■/!~~~~ ■■■■■■%i~!i■■■■■■ ~ 
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■1 ,~i■~~---   ■■~ 
■ il,~■■~~■■■■■■■■■~ 

/.~R~:~■■■■■■■■■■ ~ 

~I'/~~■ ■■■■■ ■■■■■ ■■■~■a■a
II'/■~ 14/It■■■■■■■■■■■■■~ 
'I~~~...~■■■■■■■■■ 

00
10 VCE V) 20 
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80 

60 

40 

20 

05 VgE(V) 

40 IC mA)60 
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—Cre 
(pF) 

20 

15 

10 

5 

\\\N 

VCE =20V 
f -0.5MHz 
T - 25°C 

100 Tj °C) 200 

7208276 

~'t]::: 
r~\u\\
~\\\N 

 ,1\\~M\ 
\\~~\\~~\\\\\\\\\\~\\~\~\\1M\ 

II 

00

7207336 

7207341 
bb' Cb'c VCB~ 15V 

OMHz 
25°C 

(ps) f 200 
_ 

T) _ 

t50 
■ 

li 
II 

100 
■\\\ 

1; 

50 .. 

20 40 IC mA)60 00 
20 40 —IE mA)60 
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40829 

HIGH FREQUENCY PACKAGE 

The high frequency package 40829 contains three silicon transistors selected from 
the BF254 and BF255 products. 
The BF254B is intended for use as mixer -oscillator transistor, 
the BF255C for controlled first i.f. transistor, 
the BF255D for second i.f. transistor. 
The low hgE spread of the transistors makes it possible to apply current biasing 
(one base resistor) and achieve a gain with small spread and low dependence on 
supply voltage, even at low battery voltages . 
The transistors have a plastic envelope. 

QUICg REFERENCE DATA 

Base current 

IC =1mA;VCg=10V 
BF254B 
BF255C 

IB
IB

5 to 9 
9 to 14 

µA 
µA 

BF255D IB 14 to 26 µA 

Conversion noise figure of mixer BF254B 

IC =1mA;VCE=10V 

GS=1.OmS2-1;f=1MHz Fc typ. 2 dB 

FOR THE DATA OF THE INDIVIDUAL TRANSISTORS PLEASE 
REFER TO THE DATA SHEETS OF THE BF254 AND THE BF255 

December 1968 L 
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40829 

CHARACTERISTICS 

y parameters (common emitter) 

IC = 1 mA; VCg = 10 V (lead length = 3 mm) f = 10.7 MHz f = 0.45 MHz 

Input conductance BF254B: gie < 0.5 0,4 mS2-1
BF255C gie < 0.64 0.54 mS2-1 
BF255D: gie < 0.95 0.85 mS2-1

Output conductance BF254B goe 
typ, 
< 

10 
13,5 

6.5 
11.5 

µS2-1
µS2-1

BF255C goe 
typ. 
< 

6.5 
9.5 

`) 
7 

µ~-1
µS2-1 

BF255D: goe 
typ, 
< 

4 

9.5 

2 
7 

µ~-1
µS2-1 
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ASY26 
ASY27 

GERMANIUM ALLOYED TRANSISTORS 

P-N-P transistors in a TO-5 metal envelope with the base connected to the case. 
These general purpose transistors are primarily intended for medium current me-
dium speed computer logic applications . 

RATINGS Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

Voltages 

Collector -base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector -emitter voltage at +VgE =0.2 V 

Emitter -base voltage (open collector) 

Currents 

-VCBO 

-VCEO 

-VCEX 

- V EBO 

ASY26 ASY27 

max . 30 

max. 15 

max . 25 

max . 20 

25 V 

15 V 

20 V 

20 V 

Collector current (d.c. or average over 
any 20 ms period) -IC max. 200 mA 

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

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +100 oC 

Junction temperature T~ max. 85 oC 

MECHANICAL DATA Dimensions in mm 

TO-5 
Base connected to case 

moo+ 

E 

6.6 
mox 

_ ~ 

Accessories available: 56218, 56245, 56265 

38 ~ min 

0 
E 
m 
d 
O 

1 
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ASY26 
ASY27 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a 

Rth j -c 

= 0.4 oC/mW 

= 0.2 °C/mW 

CHARACTERISTICS Tj = 25 ° C unless otherwise specified 

Collector cut-off current ASY26 ASY27 

IE = 0; -VCg = 30 V -ICBO < 7 µA 

Ig = 0; -VCB = 25 V - ICBO ~ 7 µA 

IE = 0; -VCg = 30 V; Tj = 60 ° C -ICBO < 35 µA 

IE = 0; -VCB = 25 V; Tj = 60 ° C -ICBO < 35 µA 

Emitter cut-off current 

- IEBO < 3 3 µA IC = 0; -Vgg = 5 V 

Currents at reverse biased emitter junction 

-VCg = 25 V; +VBg = 0.2 V; Tj = 60 ° C - ICEX < 35 µA 

-VCE=20 V;+Vgg=0.2V; Tj=60 ° C - ICEX 35 µA 

-VCg = 20 V; +VgE = 5 V; Tj = 60 ° C +IBEX < 35 35 µA 

Base-emitter voltage 

-IC = 100 mA; -VCE = 1 V -VBE < 0.65 0.55 V 

-IC = 300 mA; -VCE = 1 V -VBE < 1.5 1.4 V 

Collector -emitter saturation voltage 

-IC = 10 mA; -Ig = 0.33 mA - VCE sat < 0.20 V 

-IC = 10 mA; -Ig = 0.2 mA - VCE sat < 0.20 V 

-IC = 50 mA; -Ig = 2 mA - VCE sat < 0.25 V 

-IC = 50 mA; -IB = 1.25 mA -VCE sat 0.25 V 

Base-emitter saturation voltage 

-IC = 10 mA; -Ig = 0.4 mA - VBE sat 
> 

< 
0.20 

0.37 
V 

V 

-IC = 10 mA; -IB = 0.25 mA - VBE sat 
0.15 
0.32 

V 
V 

-IC = 50 mA; -IB = 2.4 mA - VBE sat < 0.55 V 

-IC = 50 mA; -Ig = 1.55 mA - VBE sat 0.45 V 

2 May 1968 



ASY26 
ASY27 

CHARACTERISTICS (continued) T~ = 25 ° C unless 

Collector -emitter sustaining voltage 

otherwise 

ASY26 

specified 

ASY27 

-IC = 5 mA; IB = 0 - VCEO sust > 15 15 V 

j
} Punch through voltage Vpt > 25 20 V 

1 
Base-emitter floating voltage 

IB = 0; -VCg = 25 V; T~ = 60 °C - VBE fl < 0.20 ~' 

IB = 0; -VCE = 20 V; T~ = 60 °C - VBE fl 0.20 V 

D.C. current gain 

t 
-IC = 10 mA; -VCE = 1 V hFE 

> 

typ. 

30 

45 

50 

80 

> 30 50 
-IC = 20 mA; -VCE = 1 V hF E typ. 47 78 

< 80 150 

-IC = 100 mA; -VCE = 1 V hF E 
> 
typ. 

20 

39 
30 
58 

-IC = 200 mA; -VCE = 1 V hF E 
> 
typ. 

15 
27 

20 
40 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; -VCg = 5 V Cc
typ. 
< 

11 
16 

11 

16 

pF 

pF 

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; -Vgg = 5 V Ce
typ. 7 

13 
6 

13 
pF 
pF 

Transition frequency 

-IC = 3 mA; -VCg = 5 V fT 
> 
typ. 

4 
8 

6 
14 

MHz 
MHz 

h parameters at f = 1 kHz 

-IC = 2 mA; -VCg = 5 V 

Input impedance hie typ. 0.75 1.4 kS2 

Reverse voltage transfer ratio hre typ. 5.0 7.5 10
-4

Small signal current gain hfe typ . 50 90 

Output admittance hoe typ. 65 100 µS2-1
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ASY26 
ASY27 

CHARACTERISTICS (continued) T~ = 25 ° C unless otherwise specified 

Switching characteristics 

Desaturation time constant 
IC = 0; -Ig = 1 mA 

Current feed time constant 
-ICM = 50 mA; -VCg = 0.75 V 

Voltage feed time constant 
-ICM = 1 mA; -VCg = 0.75 V 

Switching times (See test circuit) 

delay time 

rise time 

storage time 

fall time 

Test circuit: 

10nF T

1.6k,fL 

V; 

-tOV 

1kS1 

Oscilloscope 
C;~BpF 
R;~10M,(l. 

tS

i s °t25°C 

1.5 

1.0- -

OS-

0 
20 30 40 

no z 

tt 

tt °t a5°C 

].5-

1.0-

0.5-

~ 0 

ASY26 ASY27 

`T s < 1.25 1.25 µs 

'r c < 2.2 2.2 µs 

-r~ < 0.2 0.2 µs 

td 
typ. 
< 

65 
90 

50 
75 

ns 
ns 

tr
typ. 
< 

275 
49U 

200 
350 

ns 
ns 

is
typ. 
< 

500 

1350 

600 

1500 

ns 

ns 

tf 
typ. 
< 

475 

73 0 
400 

620 

ns 

ns 

0  0.8V 

50 60 20 30 40 50 60 
T (°C) rzow.n T (°C) 

V; - 2.5V 

10°% 

~~  so°i° 

90° /0 

V° 

1_10°b_L_~ 

td"I tr"1 f 
is tf 

1~meaca 
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ASY28 

ASY29 

GERMANIUM ALLOYED TRANSISTORS 

N-P -N transistors in a TO-5 metal envelope with the base connected to the case. 
These general purpose transistors are primarily intended for medium current me-
dium speed computor logic applications. 

RATINGS Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

Voltage s 

Collector-base voltage (open emitter) 

Collector -emitter voltage (open base) 

Collector -emitter voltage at -Vgg = 0.2 V 

Emitter-base voltage (open collector) 

Currents 

V CBO 

VCEO 

VCEX 

V EBO 

ASY28 ASY29 

max. 30 

max. 15 

max. 25 

max. 20 

25 V 

15 V 

20 V 

20 V 

Collector current (d. c. or average over 
any 20 ms period) IC max. 200 mA 

Collector current (peak value) ICM max. 300 mA 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +100 °C 

Junction temperature T~ max. 85 oC 

MECHANICAL DATA Dimensions in mm 

TO-5 
Base connected to case 

0 E 

0 E 
m 
O 

Amax 
~ ►~ 

Accessories available: 56218, 56245, 56263. 

381 ̀"i" 
~zoeaei e
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ASY28 

ASY29 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a 

Rth j -c 

CHARACTERISTICS Tj = 25 ° C unless otherwise specified 

= 0.4 °C/mW 

= 0.2 ° C/mW 

Collector cut-off current ASY28 ASY29 

IE = 0; VCg•= 30 V ICBO < 7 µt1 

IE = 0; VCB = 25 V 1CB0 7 µA 

IE = 0; VCB = 30 V; Tj = 60 ° C ICBO < 35 µA 

IE = 0; VCg = 25 V; Tj = 60 °C ICBO 35 µA 

Emitter cut-off current 

IEBO < 3 3 µA IC =O; Vgg=SV 

Currents at reverse biased emitter junction 

VCE = 25 V; —Vgg = 0.2 V; Tj = 60 ° C ICEX < 35 µA 

VCE = 20 V; —Vgg = 0.2 V; Tj = 60 ° C ICEX < 35 µA 

VCE = 20 V; —VgE = 5 V; Tj = 60 ° C — IBEX < 35 35 µA 

Base-emitter voltage 

IC = 100 mA; VCE = 1 V VgE < 0.65 0.55 V 

IC = 300 mA; VCE = 1 V VgE < 1.5 1.4 V 

Collector -emitter saturation voltage 

IC = 10 mA; Ig = 0.33 mA VCE sat < 0.20 V 

IC = 10 mA; Ig = 0.2 mA VCE sat < 0.20 V 

IC = 50 mA; Ig = 2 mA VCE sat < 0.25 V 

IC = 50 mA; Ig = 1.25 mA VCE sat < 0.25 V 

Base-emitter saturation voltage 

VBE sat ~ < 
0.20 
0.37 

V 
V 

IC = 10 mA; IB = 0.4 mA 

0.15 V 
IC = 10 mA; Ig = 0.25 mA VBE sat < 0.32 V 

IC = 50 mA; Ig = 2.4 mA VBE sat < 0.55 V 

IC = 50 mA; Ig = 1.55 mA VBE sat < 0.45 V 
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ASY28 

ASY29 

CHARACTERISTICS (continued) T~ = 25 °C unless otherwise specified 

Collector -emitter sustaining voltage ASY28 ASY29 

IC = 5 mA; IB = 0 VCEO Bust 15 15 V 

Punch through voltage Vpt 25 20 V 

Base-emitter floating voltage 

IB = 0; VCE = 25 V; T~ = 60 °C VBE fl < 0.20 V 

IB = 0; VCE = 20 V; T~ = 60 ° C VBE fl 0.20 V 

D.C. current gain 

> 30 50 
IC = 10 mA; VCE = 1 V hFE typ. 43 113 

> 30 50 

IC = 20 mA; VCE = 1 V hFE typ. 46 113 
< 80 150 

> 20 30 
IC = 100 mA; VCE = 1 V hFE typ. 43 102 

> 15 20 
IC = 200 mA; VCE = 1 V hFE typ. 32 84 

Collector capacitance at f = 1 MHz 

IE=Ie =O; Vgg=SV Cc
typ. 
< 

11 
16 

11 
16 

pF 
pF 

Emitter capacitance at f = 1 MHz 

IC =Ic =O; VEg=5V Ce
typ. 
< 

7 

13 
6 

13 
pF 
pF 

Transition frequency 

> 4 10 MHz 
IC = 3 mA; VCE = 

h parameters at f = 

5 V fT

1 kHz 

typ. 14 20 MHz 

IC =2mA; VCE=SV 

Input impedance h1e typ. 0.75 1.4 kS2 

Reverse voltage transfer ratio hTe typ. 3.5 5.0 
10_4

Small signal current gain hfe typ. 50 90 

Output admittance hOe typ. 45 70 µi2-1
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ASY28 

ASY29 

CHARACTERISTICS (continued) 

Switching characteristics 

T~ = 25 ° C unless otherwise specified 

ASY28 ASY29 

Desaturation time constant 
IC = 0; IB = 1 mA 'rs < 1.4 1.4 µs 

Current feed time constant 
ICM = 50 mA; VCg = 0.75 V 'r c < 2.2 2.2 µs 

Voltage feed time constant 
ICM = 1 mA; VCg = 5 V Y~ < 0.2 0.2 µs 

Switching times (See test circuit) 

td 
typ. 
< 

50 
90 

45 
75 

ns 
ns 

delay time 

rise time tr
typ. 
< 

175 
400 

140 
300 

ns 
ns 

storage time i s
typ. 
< 

450 
700 

500 
800 

ns 
ns 

fall time tf
typ. 
< 

325 
620 

300 
520 

ns 
ns 

Test circuit: 

10nF T

1.6 k.(L 

Vi 

+10V 

1 k.CL 

Oscilloscope 
CsBpF 
R;~10M.(l. 

i s 
•tS otzs°C 

rzoi.as 

tt 
tt of as°C 

1.5—  1.5-

1.0-- J.0- ~ 

OS- 0.5-

0 t 0 
20 30 40 50 60 20 30 

j ( °CJ rzorv.~ 

Vi 2.5V 

0 0.8Vt 

Vo 

40 50 60 
Tj f CJ 

90% 

10% 
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ASY73 to 75 

SYMMETRICAL N-P-N SWITCHING TRANSISTORS 

Symmetrical N -P-N germanium alloy transistors in a TO-5 metal envelope with 
the base connected to the case intended for high current medium speed switching 
applications. 

QUICK REFERENCE DATA 

Collector -base voltage 
ASY73 ASY74 ASY75 

max. 30 30 30 V (open emitter) VCBO 

Collector -emitter voltage 
(open base) VCEO max. 15 15 15 V 

Collector -current 

(d.c. or average) IC max. 400 400 400 mA 

Total power dissipation 
up to Tamb = 25 ° C Ptot max. 140 140 140 mW 

Junction temperature T~ max. 75 75 75 oC 

D.C. current gain 
at T~ = 25 °C 

-Ig = 200 mA; VCB = 0 hgE > 20 35 50 

-IC = 200 mA; VgB = 0 hFC > 12 20 20 

Transition frequency 

-IE = 3 mA; VCB = 5 V fT > 4 6 LO MHz 

Desaturation time constant 

Ig = 1 mA; IC = 0 2's <1 .75 1 .75 1 .75 µs 

MECHANICAL DATA 

TO-5 
Base connected to case 

♦ . 

E 
lf') 

Dimensions in mm 

X6.6 
max►

~~ 
3a.l min 

Accessories available: 56218, 56245, 56265. 

'lZ08681 

a 
E 

O 
Y 

1 
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ASY73to75 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open-emitter) 

Collector -emitter voltage (open base) 

Collector -emitter voltage with 
-VBE = 0.2 V 

Emitter -base voltage (open collector) 

Currents 

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

Emitter current (d.c. or average 
over any 20 ms period) -IE

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

Base current (peak value) 

VCBO 

VCEO 

VCEX 

VEBO 

Power dissipation 

Total steady state power dissipation 
up to Tamb = 25 °C 

Temperatures 

Storage temperature 

Operating junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

IC

Ig 

IBM 

Ptot 

Tstg 

Tj

max . 30 V 

max. 15 V 2) 

max. 20 V 2) 

max . 30 V 

max . 400 mA 

max . 400 mA 

max . 40 mA 

max . 400 mA 

max . 140 mW 

-55 to 85 °C 

max. 75 °C 

Rth j -a 

Rth j -c - 

0.35 oC/mW 

0.2 °C/mW 

`) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2) For switch-off transients with inductive load see page 12 

1 
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ASY73to75 

CHARACTERISTICS Tj = 25 

Collector cut-off current 

°C unless otherwise specified 

ICBO < 3 µA 

ICgp < 100 µA 

Ig = 0; VCg = 5 V 

VCg = 30 V; Tj = 55 °C 

Emitter cut-off current 

IC = 0; VEB = 5 V IEBO < 3 µA 

VEB = 30 V; Tj = 55 ° C IEBO < 100 µA 

Currents at reverse biased emitter junction 

VCg = 20 V; -VBE = 0.2 V; Tj = 55 °C ICEX < 50 µA 

-VBE = 20 V; VCg = 20 V; Tj = 55 ° C - IBEX < 50 µA 

Saturation voltages 

ASY73. IC = 50 mA; Ig = 2.5 mA VCEsat < 0.22 V 
IC = 200 mA; IB = 10 mA VCEsat < 0.30 V 
IE = 200 mA; Ig = 16.5 mA VECsat < 0.30 V 
IC = 50 mA; IB = 3 mA VBE sat < 0.50 V 
IC ` 200 mA; IB = 12 mA VBE sat < 0.90 V 

ASY74. IC = 50 mA; IB = 1.25 mA VCEsat < 0.22 V 
IC = 200 mA; Ig = 5.7 mA VCEsat < 0.30 V 
IC = 400 mA; IB = 20 mA VCEsat < 0.37 V 
IE = 200 mA; IB = 10 mA VECsat < 0.30 V 
IC = 50 mA; IB = 1.5 mA VBE sat < 0.38 V 
IC = 200 mA; Ig = 7 mA VBE sat < 0.70 V 
IC = 400 mA; VCB = 0 VBE sat < 0.90 V 

ASY75. IC = 50 mA; Ig = 0.75 mA VCEsat < 0.22 V 
IC = 200 mA; IB = 4 mA VCEsat < 0.30 V 
IC = 400 mA; Ig = -13.5 mA VCEsat < 0.37 V 
IE = 200 mA; Ig = 10 mA VECsat < 0.30 V 
IC = 50 mA; IB = 0.95 mA VBE sat < 0.34 V 
IC = 200 mA; IB = 5 mA VBE sat < 0.60 V 
IC = 400 mA; VCB = 0 VBE sat < 0.70 V 

Sustaining voltage 

IC = 10 mA; IB = 0 VCEOsust ~ 15 V 
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ASY 73 to 75 

CHARACTERISTICS (continued) 

Punch -through voltage 

T~ = 25 oC unless otherwise specified 

Vpt > 20 V 

VEBfI < 180 mV 

VCBfI < 180 mV 

Floating potential 

IE = 0; VCB = 20 V; T~ = 55 oC

IC = 0; VCB ` 20 V; T~ = 55 oC 

D.C. current gain 

ASY73 VCB = 0; -IE = 50 mA hFE > 25 
VCg = 0; -Ig = 200 mA hF E > 20 
VEg = 0; -IC = 200 mA hFC > 12 

ASY74 VCB = 0; -IE = 50 mA hFE > 40 
VCg = 0; -IE = 200 mA hFE > 35 
VCB = 0; -Ig = 400 mA hFE > 20 

VEg = 0; -IC = 200 mA hFC > 20 

ASY75 VCB = 0; -IE = 50 mA hFE > 65 
VCg = 0; -Ig = 200 mA hF E > 50 

VCg = 0; -Ig = 400 mA hFE > 30 

VEB = 0; -IC = 200 mA hFC > 20 

Switching parameters 

Desaturation time constant IB = 1 mA; IC = 0 T s < 1.75 µs 

Current -feed time constant ICM = 200 mA; 
VCE = 0.75 V T c < 1.75 µs 

Voltage -feed time constant ICM = 1 mA; 
VCE = 5 V T~ < 0.20 µs 

Collector capacitance at f = 1 MHz 

Ig = Ie = 0; VCB = 5 V Cc < 30 pF 

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; VEg = 5 V Ce < 30 pF 

Transition frequency 

ASY73 fT > 4 MHz 
-IE = 3 mA; VCg = 5 V ASY74 fT > 6 MHz 

ASY75 fT > 10 MHz 
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ASY76 ASY77 
ASY80 

P-N-P SWITCHING TRANSISTORS 

Germanium p-n -p transistors in a TO-5 metal envelope with the base connected 
to the case. The ASY76, ASY77 and ASY80 are primarily intended for ampli-
fying, switching and pulse oscillating applications . 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) 

Collector -emitter voltage 

-VCBO 

-VCEX 

ASY76 ASY77 ASY80 

max . 40 

max. 32 

60 

60 

40 V 

40 V 

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

Total power dissipation up to Tamb = 25 °C Ptot max. 500 mW 

Junction temperature Tj max. 85 oC 

Thermal resistance from junction to case Rth j -c = 75 °C/W 

D.C. current gain at Tj = 25 oC 

-IC = 600 mA; -VCE = 1 V 
ASY76, ASY77 hpE > 20 

ASY80 hgE > 40 

Transition frequency 

-IC =1mA; -VCE=10V fT typ. 0.9 MHz 

MECHANICAL DATA 

TO-5 
Base connected to case 

~o+
45_°. 

,b 

Dimensions in mm 

0 
E 

0 

~ 5•~ _I 
. 94maz ~ i-ssma:. 

Accessories available: 56218, 56245, 56265 

38.1 min 
]2086]9 ~ 
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ASY76 ASY77 
ASY80 

RATINGS (Limiting values) 1) 

Voltages ASY76 ASY77 ASY80 

Collector -base voltage (open emitter) -VCBD max. 40 60 40 V 

Collector -emitter voltage with 
+VBg = 0.6 V - VCEX max. 32 60 40 V 

Emitter -base voltage (open collector) -VEBO max. 10 10 20 V 

Currents 

Collector current (d.c. or average over 
any 20 ms period) -IC max, 500 mA 

Collector current (peak value) -ICM max, 1000 mA 

Base current (d.c. or average over any 
20 ms period) -IB max. 40 mA 

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

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 500 mW 

Temperatures 

Storage temperature Tstg -65 to +85 °C 

Junction temperature Tj max. 85 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 250 °C/W 

From junction to case Rth j -c = 75 °C/W 

From junction to ambient with cooling fin 
56265 on a heatsink of 12.5 cm2 Rth j -a - 120 °C/W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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ASY76 ASY77 
ASY80 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

Collector cut-off current ASY76 ASY77 ASY80 

Ig = 0; -VCB = 10 V 

IE = 0; -VCB = 40 V 

IE = 0; -VCg = 60 V 

Emitter cut-off current 

IC = 0; -VEB = 10 V 

Currents at reverse biased 
emitter junction 

-VCE = 30 V; +Vgg = 0.5 V 

-VCE = 60 V; +VgE = 0.5 V 

-VCE = 30 V; +VgE = 0.5 V 
Tj = 60 °C 

-VCE = 60 V; +Vgg = 0.5 V 
Tj=60°C 

Sustaining voltage 

-IC = 600 mA; +VBE = 0.6 V 

Base -emitter voltage 

IE = 300 mA; VCg = 0 

Saturation voltages 

-IC = 300 mA; -IB = 12 mA 

-IC = 300 mA; -Ig = 6 mA 

Emitter -base floating voltage 

Ig = 0; -VCB = 40 V 

IE = 0; -VCB = 60 V 

D,C, current gain 

-IC = 10 mA; -VCg = 6 V 

-IC = 50 mA; -VCB = 0 

-IC = 300 mA; VCB = 0 

- ICBO 

- ICBO 

- ICBO 

- IEBO 

- ICEX 

- ICEX 

typ. 4.5 4.5 
< 10 10 

< 40 -

< - 40 

< 20 20 

< 30 

< - 

- ICEX < 200 

- ICEX < 

- VCEXsust > 

typ. 420 
-VBE < 750 

- VCEsat < 

-VCEsat < 

- VEBfI 

- VEBfI 

300 

< 300 

hFg > 45 

hFE 

hgE 25 to 130 

30 

200 

420 
750 

300 

300 

45 

25 to 130 

4,5 µA 
10 µA 

40 µA 

- µA 

20 µA 

30 µA 

- µA 

200 µA 

- µA 

32 V 

420 mV 
750 mV 

- mV 

400 mV 

300 mV 

- mV 

60 to 165 

> 50 
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ASY76 ASY77 
ASY80 

CHARACTERISTICS (continued) 

Collector capacitance at f = 1 MHz 

T~ = 25 oC unless otherwise specified 

Ig=I e =O;-VCg=SV Cc
typ. 
< 

40 
60 

pF 
pF 

Emitter capacitance at f = 1 MHz 

IC =Ic =O;-VgB=SV Ce 
typ. 
< 

30 
50 

pF 
pF 

Transition frequency 
ASY76, ASY77 fT > 500 kHz 

-IC = 10 mA; -VCE = 5 V f-r > 700 kHz ASY80 

Noise figure at f = 1 kHz 

Ig = 0.5 mA; -VCg = 2 V 

Bandwidth 200 Hz; RS = 500 S2 F < 15 dB 

Feedback impedance at f = 0.5 MHz 

Izrbl typ. 75 S2 IE = 1 mA; -VCg = 5 V 
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MAINTENANCE TYPE ASZ20 

P-N-P ALLOY DIFFUSED TRANSISTOR 

P-N-P alloy diffused germanium transistor in a TO-7 metal envelope. It is intend-
ed for use in wide band amplifier applications and current mode switching. 

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

Voltages 

Collector-base voltage (open emitter) -VCBO max. 40 V 

Collector-emitter voltage (Rg/Rg < 6) -VCER max. 40 V 

Currents 

Collector current (d.c.) -IC max. 25 mA 

Base current (d.c.) -IB max. 25 mA 

Reverse base current (d . c . ) IB max. 1 mA 

Reverse base current (peak value) IBM max. 10 mA 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 110 mW 

Temperatures 

Storage temperature Tstg —55 to +75 ° C 

Junction temperature :continuous Tj max. 75 ° C 

incidentally Tj max. 90 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

MECHANICAL DATA 

TO-7 

0 E 
(O 
m 

Dimensions in mm 

E 
m 

~5 maz 
I~ 38J mf" 

~)=shield lead (conhected to case) 

Accessories available: 56207 

~zoeces 
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ASZ20 

CHARACTERISTICS 

Collector cut-off current 

Tamb = 25 ° C unless otherwise specified 

- ICBO < 4.5 µA 

-ICBO < 50 µA 

IE = 0; -VCB = 6 V 

I E = 0; -VCB = 40 V 

Emitter cut-off current 

IC = 0; -VEB = 1 V -IEBO < 50 µA 

Base current 

IE = 1 mA; -VCB = 6 V -IB < 25 µA 

IE = 10 mA; -VCB = 2 V -IB > 20 µA 

Base-emitter voltage 

IE= 1mA; -VCB =6V -VBE 210 to 330 mV 

I E =10mA; -VCB =2V - VBE 260 to 400 mV 

Frequency at which I hfe I = 1 

I E = 1mA; -VCB =6V f l
> 
typ. 

40 MHz 
75 MHz 

IE = 10 mA; -VCB = 2 V f l > 100 MHz 

Collector capacitance at f = 0.45 MHz 

IE = Ie = 0; -VCB = 6 V Co < 2.5 pF 

Feedback impedance at f = 2 MHz 

IE = 1 mA; -VCB = 6 V

h parameters 

I zrb I < 120 S2 

IE < 10 m.A; -VCB < 6 V; Tamb = 60 ° C -ham 1.01 

-IC = 1 mA; -VCE = 6 V; f = 1 kHz hfe > 45 

Noise figure at RS = 500 S2 

F 
typ. 
< 

15 dB 
20 dB 

-IC = 1 mA; -VCE = 6 V; f = 1 kHz 

f = 450 kHz F < 6 dB 

2 

1—
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ASZ 21 

GERMANIUM ALLOY DIFFUSED TRANSISTOR 

P-N-P transistor in a TO-18 metal envelope. It is intended for use in high-speed 
saturated logic applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -VCBO max. 20 V 

Collector-emitter voltage (open base) -VCEO max. 15 V 

Collector current (peak value) -1CM max. 50 mA 

Total power dissipation up to Tam  = 25 ° C Ptot max. 1l0 mW 

Junction temperature T~ max. 85 °C 

D . C . current gain at Tam = 25 ° C 

-IC = 10 mA; -VCE = 0.5 V hFE > 30 

Transition frequency 

IE = 10 mA; -VCB = 2 V fT > 300 MHz 

MECHANICAL DATA 

TO-18 

Collector connected to case 

11
~~f  ~ 

Dimensions in mm 

E 

~~ 
O 

5.3"'°` 

Accessories available: 56246, 56263 

12 7 min N

~zoens 
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ASZ 21 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Currents 

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

Collector current (peak value) 

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

Emitter current (peak value) 

Power dissipation 

Total power dissipation up to Tam = 25 ° C 

-VCBO 

- VCEO 

max. 20 V 

max. 15 V 

-IC max. 30 mA 

-1CM 

IE

lEM 

Ptot 

max. 50 mA 

max. 5 mA 

max. 10 mA 

max. 120 mW 

Temperatures 

Storage temperature Tstg -55 to+75 ° C 

Junction temperature Tj max. 85 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a - 0.50 ° C/mW 

Rth j -c = 0.18 ° C/mW 

CHARACTERISTICS Tam = 25 ° C unless otherwise specified 

Emitter cut-off current 

IC = 0; -VEB = 0.5 V 

Currents at reverse biasedemitter junction 

-VCE = 15 V; -VEB = 0.2 V; Tam = 60 °C 

-IEBO < 2 µA 

-10EX < 60 µA 

+IBEX < 60 µA 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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ASZ 21 

f 

CHARACTERISTICS (continued) 

Breakdown voltages at Tamb = 60 ° C 

IE = 0; -IC = 100 µA - V(BR) CBO > 20 V 

IC = 0; -IE = 100 µA -V(BR) EBO > 2.5 V 

Sustaining voltage 

Ig = 0; -IC = 5 mA -VCEO Bust > 9 V 

Saturation voltage 

-IC = 10 mA; -IB = 1 mA 

-IC = 50 mA; -IB = 3 mA 

Base-emitter voltage 

-IC = 10 mA; -IB = 0.44 mA 

-IC = 30 mA; -IB = 0.9 mA 

D.C. current gain 

-IC = 10 mA; -VCE = 0.5 V 

-IC = 30 mA; -VCE = 1.0 V 

Iamb = 25 ° C unless otherwise specified 

-VCE sat 

-VCE sat 

< 0.35 V 

< 1.10 V 

-VBE 0.25 to 0.5 V 

-VgE 0.35 to O . i5 V 

hFE 

hFE 

> 30 

50 

Collector capacitance 

IE = Ie = 0; -VCB = 6 V Cc < 5 pF 

Emitter capacitance 

IC = Ic = 0; -VEB = 1 V Ce < 12 pF 

Transition frequency 

IE=10mA; -VCB =2V f.I, > 300 MHz 
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ASZ 21 

CHARACTERISTICS (continued) 

Switching characteristics 

Test circuit: 

- Vs 

—ICM•IOmA .300.(L 
to 

oscilloscope 

5 k,(L 

1.25V 

input 
• wttope 

Delay time 

Rise time 

Storage time 

Fall time 

output 
wltoge 

noww 

1000 

—IC80 
(NA) 

100 

10 

-Q15V 

Tamb = 25 °C unless otherwise specified 

7 

X!"h 

517°h 

t _ '• 20.2~s 
Sns ~' 

o~ ~
~ _ ._ i ~ l ~~~ 

I  ~----~ --J--~-- 
td J t'.~ I. is -~- tf -~ 

~ ~~ 

t~ ~5ns 

7208070 

10 

1

—VCB- 
15V 

0 5Vt-

50 Tamb(°C) 100 

td
typ. 30 ns 
15 to 40 ns 

typ. 20 ns 
tr 

10 to 35 ns 

typ. 40 ns 
is 

25 to 60 ns 

tf
typ. 40 ns 
25 to 55 ns 
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BFX34 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a TO-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) VCBO max. 120 V 
Collector -emitter voltage (open base) VCEO max. 60 V 
Collector -current (peak value) ICM max. 5.0 A 
Total power dissipation 

up to Tcase = 25 °C Ptot max. 5.0 W 
Junction temperature TJ max. 200 °C 
D. C. current gain 

IC= 2A;VCE=2V hFE 40 to 150 
Transition frequency at f = 35 MHz 

IC=0.5A;VCE=SV fT > 70 MHz 
Turn off time when switched from 

IC = 5 A; IB = 0.5 A to cut-off 
with —IgM = 0.5 A toff < 1.2 Ns 

MECHANICAL DATA 

Collector connected to case 

TO -39 

B.5 
max 

Dimensions in mm 

,o  +048 
max 

0 

6.6 ~ 
max 

0 

~_ 12.7 ~.
min ~zsvazz 

max. lead diameter is guaranteed only for 12. 7 mm 

Accessories supplied on request: 56218, 56254, 56265 

~. 
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BFX34 

RATINGS Limiting values inaccordance 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) V EBO max. 6 V 

Currents 

Collector current (d. c.) IC max. 2, 0 A 

Collector current (peak value) ICM max. 5.0 A 

Base current (d. c.) Ig max. 1.0 A 

Power dissipation 

Total power dissipation up to Tcase = 25 °C Ptot max. 5. 0 W 

up to Tamb - 25 ° C Ptot max. 0. 87 W 

Temperatures 

Storage temperature Tstg -55 to +200 ° C 

Junction temperature Tj max. 200 oC 

THERMAL RESISTANCE 

Frm junction to ambient in free air Rth j-a - 200 oC/W 

From junction to case Rth j-c = 35 °C/W 
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BFX34 

CHARACTERISTICS 

Collector cut-off current 

Tj = 25 ° C unless otherwise specified 

VEg = 0; VCE =60 V ICES < 10 pA 

Emitter cut-off current 

IC = 0; VEB = 4 V IEBO 
typ. 
< 

0.01 
10 

NA 
NA 

Saturation voltages 

IC = 5 A; Ig = 0, 5 A VC E sat 
typ. 
< 

0.77 
1.0 

V 
V 

VBE sat 
typ. 
< 

1.43 
1.8 

V 
V 

D. C, current gain 

IC = 1.0 A; VCE = 2, 0 V hFE typ, 130 

IC = 1.5 A; VCE = 0. 6 V hgE typ. 60 

IC=2.OA;VCE=2.OV hFE 
typ, 
40 

110 
to 150 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; VCB = 10 V Cc
typ, 
< 

36 
100 

pF 
pF 

Emitter-capacitance at f = 1 MHz 

IC = Ic = 0; VEg = 0.5 V Ce typ. 345 pF 

Transition frequency at f = 35 MHz 

IC = 0, 5 A; VCE = 5 V fT 
70 MHz 

typ. 100 MHz 

Turn on time when switched from 

ton 
typ. 
< 

0.2 
0. 6 

Ns 
Ns 

—VBE = 2.0 V to IC = 5 A; Ig =0.5 A 
with IBM = 0.5 A 

Turn off time when switched from 

IC=SA;Ig=0.5Ato —VBE=2.OV 
with —IBM = 0.5 A toff 

typ. 
< 

0.34 
1.2 

Ns 
Ns 
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BFX34 

1 f I i 
TcaseS 25'C — 

1 

10
-t

10"z
1 

I CMm¢x 
repetitive pu sed operation•6-0.1 

r  

ICmoz 

Ptot max (d .c. 

I second 
breakdown 
(d.c.) 

II

1

 6 tP _ 

50Ns 
100 —
200 

! I 
500 

1ms 

 2 

5 
I 
10 

20 
5~0 

10 VcE (VI 10z 

Safe Operation Area with the transistor forward biased 

I Region of permissible d. c. operation 
II Permissible extension for repetitive pulsed operation 
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103

Z thj c 

(°C!W) 

10z

10 

1 

10"1
10"3 10-z 10-~ 10 10z tP(ms) 103

7Z 6C 477 

ti-1 

0.5 

0.2 
_.rte/ .~  

0.1 

750 

t 
(ns) 

500 

250 

72604]4 

typical values 

t of 

//

t°:/
' ~i 

0  
0 25 Ic (AI 5 
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BFX34 

60 

hFE 

50 

40 

30 

7Z 60476 

VIE=2V 
Tj=25°C 

mm 

20  
0 

6 

IC

(A) 

4 

2 

2 

7260475 

I 
VIE - 2V 
T =25°C 

min.VBE  max.VeE 

0  
0 1 VBE (VI 2 

3 

0.75 

~CEs°t 
(VI 

0.5 

0.2 5 

4 5 I~ (A) 6 

7260473) 

~I  
=10 

IB

typ 

0  
0 25 I~ (AI 5 
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BRY39 

SILICON CONTROLLED SWITCH 

The BRY39 isaplanarp-n-p-n switch in a TO-72 metal envelope, intended as driver 
for numerical indicator tubes and other switching applications. 
It is an integrated pnp-npn transistor pair of which all electrodes are accessible. 
The collector of the n-p-n transistor is connected to the case. 
For the applications of the BRY39 as THYRISTOR see Handbook Part 1, section 
TI-IYRISTORS and as PROGRAMMABLE UNIJUNCTION TRANSISTOR see Handbook 
Part 3> section SWITCHING 'TRANSISTORS. 

QUICK REFERENCE DATA 

P-N-P transistor 
Emitter -base voltage (open collector) -VEBO max. 70 V 

N-P-N transistor 
Collector -base voltage (open emitter) VCBO max. 70 V 

Repetitive peak emitter. current (peakvalue~ - IERM max. 2.5 A 

Total power dissipation up to Tam = 25 oC Ptot max. 275 mW 

Junction temperature TJ max. 150 °C 

Forward on-state voltage 
IA = 50 mA; IC = 0; RBE = 10 kS2 VAE < 1.4 V 

Holding current 
IC = 10 mA; -VBg = 2 V; RBE = 10 kSl IH < 1.0 mA 

Turn on time ton < 0.25 µs 

Turn off time tq < 5.0 µs 

MECHANICAL DATA 

Collector connected to case 
TO-72 

1.16 /~ 

m /\45° I k 
~~~ k9 

~/ 
1.17 
max 

a 
ag + 2.54 ~-

`- max i

4.8 
max 

Accessories available: 56246; 56263. 

Dimensions in mm 

Amax' ~ 12.7min --~ 

+0.46 
Amax 

vz sovve 

f --

f —
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BRY39 

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

Voltages p -n -p n -p -n 

Collector-base voltage (open emitter) 

Collector-emitter voltage (RgE = 10 kS2) 

VCBO 

VCER 

max. 

max. 

-70 70 1) V 

70 1) V 

Collector -emitter voltage (open base) VCEO max. -70 V 

Emitter -base voltage (open collector) 

Currents 

VEBO max. -70 1) 5 2) V 

Emitter (d.c.) IE

Igg.M 

IC 

IC~,1 

max. 

max. 

max. 

max. 

175 

2.5 

-175 mA 

2. 5 A 

50 mA 

100 3) mA 

—; current 

—~ Repetitive peak emitter current (peakvalue) 
tp = 10 ps; 6 = 0.01 

Collector current (d. c.) 

G'ollector current (peak value) 

Power dissipation 

dissipation up to Tam = 25 oC Ptot max. 275 mW -- Total power 

Temperatures 

Storage temperature Tstg -65 to + 200 oC 

Junction temperature 

THERMAL RESISTANCE 

Tj max. 150 °C 

to Rth j -a = 0.45 °C/mW --►From junction ambient 

1) In numerical indicator tube driver circuits higher voltages are allowed, provided 
the collector current does not exceed a d.c. current of 1 mA. 

2) In numerical indicator tube driver circuits higher voltages are allowed during the 
discharge of a capacitor of max. 390 pF, provided the charge does not exceed 
50 nC and the current is limited to 150 mA. 

3) During switching-on, the device can withstand a discharge of a capacitor of max. 
500 pF. This capacitor is charged, when the transistor is in cut-off condition, 
with a collector supply voltage of 160 V with a series resistance of 100 kSt. 
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BRY39 

MEANING OF SYMBOLS, used in the schematic presentation of the S.C.S. 

2 transistors equivalent circuit 
n -p-n transistor+p-n-p transistor 

a (anode) 
(e21 

PNP transistor }—T -0 ag (anode gate) 
(q, bp) 

kg (cathode gate) O~—{ NPN transistor 
(b~, cZ ) 

S. C. S. symbol 

k (cathode) 
(e~) ]zfinsa 

p-n-p-n 5. C.S. equivalent circuit 

btu c2 

VAE 

c„ by 

CHARACTERISTICS 

INDIVIDUAL N-P -N TRANSISTOR 

)Z613]9 

T~ = 25 °C unless otherwise specified 

Collector cut-off current 

VCE = 70 V; RBE = 10 kS2 ICER < 100 nA 

VCE=70 V;Rgg=lOkS2;T~=150oC ICER < 10 µA 

Emitter cut-off current 

IgBO < 10 µA IC = 0; VEg = 5 V; T~ = 150 °C 
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BRY39 

CHARACTERISTICS (continued) 

INDIVIDUAL N-P-N TRANSISTOR 

T~ = 25 oC unless otherwise specified 

Saturation voltages 

IC=lOmA;Ig=1mA V CE sat < 500 mV 

VBEsa[ < 900 mV 
D. C, current gain 

hFE > 50 IC=lOmA;VCg=2V 

Transition frequency 

f'I' typ. 300 MHz IC=lOmA;VCg=2V 

Collector capacitance 

Cc < 5 pF IE=Ie =O;VCB=20V 

Emitter capacitance 

Ce < 25 pF IC=Ic =O;VEg=1V 

INDIVIDUAL P -N-P TRANSISTOR 

Collector cut-off current 

- ICEO < 10 µA IB=O; -VCE=70 V;T~=150oC 

Emitter cut-off current 

- IEBO < 10 µA IC=O; -VEg=70 V;T~=150oC 

D.C. current gain 

IE=1mA;VCB=O hgg 0.25 to 2.5 

COMBINED DEVICE 

Forward voltage at RgE = 10 kS2 

IA=50mA; IC=O VAE < 1.4 V 

IA = 50 mA; IC = 0; T~ _ -55 oC VAE < 1.9 V 

IA= 1mA;IC=10mA VAE < 1.2 V 

Holding current at RgE = 10 kS2 

IC=10mA; -VgB=2V IH 0.1 to 1.0 mA 
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BRY39 

CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
SWITCHING TIMES see also page 6 
Turn on time  when switched from 

—VBE = 0.5 V to + Vgg = 4.5 V; RBE = 1 kS2 ton < 0.25 µs 
RBg = 10 kS2 ton < 1.5 µs 

2~kd1 
+12V SAE 

Turn off time 

+~2v 

~zoeaao 

lkdl ~®~ ~ 16kd1. 

mercury 
wetted 
contact 

~zoeaaa 

+ 50V 

~A E 

V; 
(V) 
4.5 

0.5 

SCE 

90°% 

10°% 

/~~ 

4. ton ►I ~zoe~ao 

Pulse duration increased until 
dashed curve disappears 

RB E 
RBE 

T~ = 125 oC; RgE 

= 1 kSZ 
= 10 kSl 
= 10 kS2 

tq
tq
tq

time 

time 

< 5 µs 
< g µs 

< 15 µs 

time 

Capacitance increased until 
dashed curve disappears at C =Copt 
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BRY39 

0.8 

ton 
(us) 

0.6 

0.4 

0.2 

~ 100 

I 

:-_.~ 

i 

7208450 
See cage 5 

i i 

'~

I 
1 

R gE =, 1_O~kd1 

~ . i 

-- _---
t 

7 

tyA_,  __-:  1 _ 
~?`~_~__  .1 kdl,  ~ , 

200 

hFE 

150 

100 

50 

t 1 1 i '!t; , t , 
0 100 Tamb(°C) 

N-P-N transistor 
S
I T 

Tamb = 25°C 
typical values 

7208455 

i 
i 

C 
t 

i -, , ~ 

00  11i 
50 100 IC(mA) 150 

20 

tq

(Ns) 

15 

10 

5 

X100 

7208449 
 See •age 5 

iiiii~iiiiiiiiiiiiii~~~~~~~~~~ 

  ~~ 
~~~~~~~~~~~~~~~ q1~. 

  Q~O~'' 

~~~~ ~~i•~~~~~~~~~~~~~~~~~
iii~~~~~~~~~~~ ~~~~~~~~~ 
~~~~,~~~~~~~~~~~~z.~~~~~~~~~~~
•ua oov -

~~~~~~ii~~~~~~~~~~~~~~~~~~~~~~ 

200 

hFE 

150 

100 

50 

0 100 Tamb(°C) 

N-P-N transistor 
7208456 
■~~~~~~~ 

■■~■■ 
.■.■■ 
■■■■■ 

IC =10mA 
VCE = 2V 

■■■■■■■■■■■■■■ 

■~~~~~~~~~~~e~~~~~~~~~~~~i 

~..; 
:i~~~~~~~~~ 

.i~~~~~~~~~~~~r~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~t~~ 
■~~~~~~~~~~~~~~~~~~~~~~~~~~r~~ 

~~~~~~~~~~~~~s~~s~~s~~~~~~~~~~ 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

00 
50 100 T (°C) 150 
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BRY39 

7208448 
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\~\~\ 
\\\\\ 
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\~\~\\\\~\\~\\\\~~\Il~~~\\\\~\\\III■\\~~~\ \~~\\ 
\\\\\\\\\\\\\\\\\\\~/\\\\\\\\\\\■II\\\\\\\ ■\\\\ 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiis - Vgg iiiii 
iiiiiiiiiiiiiiiiiiri °iiiiiiiiiiiiiiiii►~iiiii iiiii 

iiiiii~~iiiiiiiiiiiiiiiiiiiiiii\ii~iioiiii=i\ii iiii \iiiii 
iiiiiiiiiiiiiiii~iiiiiii=iiiiiiii=i►~~i~iiiiiii~i=\iiii==iiiii 

~\~~■\\\~\\~\~\/,rl\~\\\\\\\\\\\\\\\\\\\\\\\\ 1 \~\\\\~\\\\~\~■ 

\~\\\\~~~\\r'::ii i~iiiiiiiiiiiiiiiiiiiiiiiiiiii\iiiiiiiii 

■~\\r,\\\\\\\\\~~~\\~~\\\~\\\\\=\\\\i\\\\\\\ 
~~\\~~\\\~\\\\t~\\\\~~\\~\\\\■ ■\\\ \\\\\\\ 
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\\\\\ 
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■\\\\\\\\\\\\\\\~~-n\\\\\\~~\\\~\vc~ 
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\\\\\\\\\\\~\\\\\ 
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typical values 
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BRY39 
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PROGRAMMABLE UNIJUNCTION TRANSISTOR 

The BRY39 is a planar p-n-p-n trigger device in a TO -72 metal envelope, intended 
for use in switching applications such as motor control, oscillators, relay replace-
ment, timers, pulse shaper, trigger device etc. 
For the applications of the BRY39 as SCS see Handbook Part 3, section SWITCHING 
TRANSISTORS and as THYRISTOR TETRODE see Handbook Part 1, section THY-
RISTORS, DIACS, TRIACS. (For explanation of symbols see page 2) ~—

QUICK REFERENCE DATA 

Gate-cathode voltage VGK max. 70 V 

Gate-anode voltage VGA max. 70 V 

Anode current (d. c.) up to Tcase = 85 °C IA max. 250 mA 

Junction temperature T~ max. 150 °C 

Peak point current 

VS=10 V;RG=lOk2 Ip 5 µA 

Valley point current 

VS=10 V;RG=10k52 IV > 50 µA 

MECHANICAL DATA 

Anode gate connected to case 

TO - 72 

1.16 ~ 
m'a/x\~r45~ 

~ k 
\ k 9 

1.17 
max 

a 
ag + 2.54 ~- 

~ max i

4.8 
max 
~~ 

Dimensions in mm 

  +0.48 
  ~ max 

~maxy  ~ 12.7min 

Accessories supplied on request: 56246; 56263 

)Zfi0]'!B 
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BRY39 

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

—+Voltages 

Gate-cathode voltage VGK max. 70 V 

Gate-anode voltage VGA max. 70 V 

Currents 

Anode current (d. c.) up to Tam = 25 ° C IA max. 175 mA 

Anode current (d. c.) up to Tcase = 85 ° C IA max. 250 mA 

Repetitive peak anode current 
t=10µs;5=0.01 IARM max. 2. 5 A 

Non-repetitive peak anode current 
t=10 µs;Tj=150°C IASM max. 3 A 

Rate of rise of anode current 
up to IA =2.5A 

~A 
max. 20 A/µs at 

Temperatures 

Storage temperature Tstg -65 to +200 oC 

Junction temperature Tj max. 150 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.45 °C/mW 

From junction to case Rth j-c = 0. 15 ° C/mW 

~ EXPLANATION OF SYMBOLS 

For applications of the BRY39 as programmable unijunction transistor only the anode 
gate is used. To simplify the symbols the term gate instead of anode gate will be 
applied. 

—► 
kg 

cathodegate 

anode 
a 

k 
cathode 

anode 
a 

ag ~ g 
anodegate gate 

7 Z 60690.1 

k 
cathode )Z63393 
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BRY39 

CHARACTERISTICS 

Peak point current 

Tam = 25 ° C unless otherwise specified 

VS=10 V;RG=10kS2 Ip < 5 µA 

VS=10 V; RC=1 M~2 Ip < 1 µA 

Valley point current 

VS =10 V;RG =10kC2 I` ~ > 50 µA 

VS =10 V;RG =1 M52 IV < 50 µA 

Practical test circuit: 1 Remove BCY71 during measurement of Ip 
2 Value of R1 depends on the voltage range of voltmeter 

+Vg=40V 

Equivalent test circuit 

+vB

BRY39 with "program" 
resistors R1 and RZ characteristics testing vp 

Equivalent test circuit for 

Offset voltage Voffset = VP — ti'S ~A = 0) 

See graph on page 6, 

GGO 

~aK 

P +V 

.--

September 1971 3 



BRY39 

CHARACTERISTICS (continued) 

Gate-anode leakage current 

I K =0; VGA=70V 

Gate-cathode leakage current 

VAK=O;VGK =70V 

Anode voltage at Ip, = 100 mA 

Peak output voltage 

V~=20V;C=0.2µF 

Rise time 

V~=20V;C= lOnF 

VAA 

Tam = 25 ° C unless otherwise specified 

T.U.T. 

]Z61192 

VGK 

]261 t9t 

VG

QOM 

90% 

10°,4, 

IGAO < 10 nA 

1GKS < 100 nA 

VA < 1.4 V 

VOM > 6 V 

tr < 80 ns 

4 September 1971 



BRY39 

10-' 

i0
-z

10-3

0 

103

Iv 

(NA) 

102

10 

1 

7261199 

typical values 
Tamb=25°C 

R~=1kn 

lokn 

100 kn 

c 1 Mn 

10 20 VS (VI 30 

7261196 

typical values 
Tamb=25°C 

 R~-1kn 

tOkn 

lookn 

1Mn 

0 10 20 YS IVI 30 

10-~ 

10-2

10-3

-50 

~ I
7261201 

typical values - 
V5=10V 

 R~=1kn

lokn_ 

100kn 

1Mn-

104

Iv

INA) 

103

102

10 

0 50 Tamb(°C)100 

7261197 
I ) 

typical values 
Vs=10V 

R~=1kn 

 —tOkn 

100kn 

1MI1 

-50 0 50 Tamb(°C) 10U 
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BRY39 

]Z 61200 

30 

Vp 

(VI 

20 

10 

2 

Vottset 

(VI 

1.5 

1 

0.5 

0 

typical values 
Vs=10V 

R~=1MR 

100k11 tOkR 

-50 0 50 T°rnb(°C) 100 

]261202 

VAA 

C 

i'~
I 

typical values 
Tam b=25°C 

C = 200 n F—
 t00nF_ 

~' 

// 
OnF 

1nF 

0  
0 10 20 30 VAA (V 40 
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BSS27 to 29 

SWITCHING TRANSISTORS 

N -P-N transistor in a TO-39 metal envelope with the collector connected to the case. 
It is primarily intended for core -driving in the 0.3Ns stores range. 

QUICK REFERENCE DATA 

BSS27 BSS28 BSS29 

Collector -emitter voltage (open base) VCEO max. 45 30 30 V 

Collector current (peak value) ICM max. 1 1 1 A 

Total power dissipation up to Tamb = 25 °C Ptot max. 800 800 800 mW 

D.C. current gain 
IC = 500 mA; VCg = 1 V hgE > 25 30 20 

Saturation voltage 
IC = 500 mA; Ig = 35 mA VCEsat ~ 0.4 0.4 0.5 V 

Turn off time 
IC = 500 mA; Ig = 50 mA; —IBM = 50 mA toff ~ 40 45 50 ns 

MECHANICAL DATA 

Collector connected 
to case 

TO-39 max /~ 45°-►
~\ 

1.0 
max 

e 

~- 5.1 

~ 9.4 ~ 
max 

Accessories available: 56218; 56245; 56265 

8.5 
max 

Dimensions in mm 

~~  +0.48 
max 

~o 

0 

~6.6~~127 ~.
max min ]259322 
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BSS27 to 29 

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

Voltages BSS27 BSS28 BSS29 

Collector -base voltage {open emitter) VCBO max. 70 50 50 V 

Collector -emitter voltage (open base) VCEO max. 45 30 30 V 

Emitter -base voltage (open collector) VEBO max, 5 5 5 V 

Currents 

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

Collector current (peak value) ICM max. 1 A 

Reverse base current (peak value) -IBM max. 0.2 A 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 800 mW 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 225 oC/W 

From junction to case Rth j-c = 35 °C/W 

CHARACTERISTICS T'j = 25 ° C unless otherwise specified 

Collector cut-off current BSS27 BSS28 BSS29 

VCE = 40 V; RBE = 50 S2 ICER < 1 - NA 

VCE = 40 V; RBE = 50 52; Tj = 150 ° C ICER < 1000 - pA 

VCE = 25 V; RgE = 50 S2 ICER 1 1 NA 

VCE = 25 V; RBE = 50 52; Tj = 150 ° C ICER 1000 1000 NA 

Currents at reverse biased emitter junction 

-VBE = 4 V; VCE = 40 V - IBEX < 1 - µA 

-VBE = 4 V; VCE = 25 V - IBEX 1 1 ~A 

2 August 1971 



BSS27 to 29 

CHARACTERISTICS (continued) 

Breakdown voltages 

V(BR)CBO 

V(gR)CER 

V(BR)CEO 

V(gR)EBO 

BSS27 BSS28 BSS29 

Collector-base voltage; IE = 0; IC =10 NA 

Collector-emitter voltage; IC = 1 mA; RgE =50 2 

Collector-emitter voltage; IB =0; IC =10 mA 

Emitter-base voltage; IC =0; IE = 10 NA 

> 70 

> 70 

> 45 

> 5 

50 

50 

30 

5 

50 V 

50 V 

30 V 

5 V 

Saturation voltages 1) 

IC = 150 mA; IB = 10 mA VCEsat 
VBEsat 

~ 0.3 

~ 1.0 
0.3 
1.0 

0.4 V 
1.0 V 

VCEsat ~ 0.4 0.4 0.5 V 
IC = 500 mA; Ig = 35 mA > 0. 8 0. 8 0.78 V 

VBEsat 
~ 

~ 1.2 1.2 1.2 V 

IC = 800 mA; IB = 60 mA VCEsat ~ 0. 75 - - V 

VBEsat 0.82 to 1.3 - - V 

IC = 1000 mA; Ig = 100 mA VCEsat ~ 0.8 - - V 

VBEsat ~ 1.5 - - V 

D. C. current gain 

IC = 150 mA; VCE = 1 V hpE > 30 40 25 

IC = 500 mA; VCE = 1 V hgE > 25 30 20 

IC = 800 mA; VCE =1 V hgE 18to60 - -

IC = 1000 mA; VCE = 5 V hpE > 15 - - 

Transition frequency at f = 100 MHz 1) 

IC = 50 mA; VCE = 10 V fT typ. 400 400 400 MHz 

IC = 500 mA; VCE = 10 V fT typ. 300 300 300 MHz 

Collector capacitance at f = 1 MHz 

Cc < 8 pF IE = Ie = 0; VCB = 10 V 

Emitter capacitance at f = 1 MHz 

Ce ~' 30 pF 
IC = I c = 0; VEB = 0.5 V 

45 pF 

1) Measured under pulsed conditions: 
tP 

= 300 µs; S = 0.01 
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BSS27 to 29 

CHARACTERISTICS (continued) 

Switching times BSS27 BSS28 BSS29 

Turn on time when switched from 
> 5 — ns 

—VBE = 2 V to IC = 500 mA; IB = 50 mA ton < 25 25 30 ns 

—VBE =2VtoI C =l000mA;IB =100mA ton 5to20 — ns 

Turn off time when switched from 

IC = 500 mA; IB = 50 mA to cut-off with —IBM = 1 mA tom < 45 50 ns 

— ns 
IC = 500 mA; IB = 50 m.A to cut-off with —IBM = 50 mA toff ~ 40 45 50 ns 

IC =1000 mA; IB =100 mA to cut-off with —I BM =100 mA toff 10 to 40 — ns 

Storage time when switched from 

Ic  = 500 mA; IB = 50 mA to cut-off with —I BM = 50 mA is  > 12 10 10 ns 
~~ 
~~ 

IC =1000 mA; IB =100 mA to cut-off with —IBM =100 mA is > 8 — ns 

Test circuit: 

Pulse generator: 

~« 

vo

Pulse duration tP > 500 ns 
Rise time tr s 5 ns 
Fall time tp < 5 ns 

v;

VA

ro^~ 
time 

v;

Vq

.~~ui ~.c iui~rcua.+icc a~~— vv o~ 
turn-on 

time 
tarn-off time 

ICC IB —IBM VCC Rl R2 R3 R4 —VBB Vi VBB VI —VD 
(mA) (mA) (mA) (V) (Sl) (S2) (S2) (S2) (V) (V) (V) (V) (V) 

BSS27 500 50 50 45 375 400 56 90 4.0 24.75 16.7 37.5 3 

BSS27 1000 100 100 45 200 200 56 45 4.0 24.75 16.7 37.5 3 

BSS27 500 50 1 45 270 300 68 90 - - 27.6 40.6-0.46 4 

BSS28; BSS29 500 50 50 30 375 400 56 60 4.0 24.75 16.7 - 3 

BSS28; BSS29 500 50 1 30 275 300 68 60 - - 27.6 - 4 
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BSS27 to 29 

,o-

103

10~ 

10 

SOAR durng 
switching -of' 

85527 

~ 

i

',,, ~, Ill ~'

t t

T 

~,
t r  

~ III 
I i, 

I ',

II

IIII ~ l ~ 

r t0 V ~ tvl 10z

,o~ 

0 

i0 

SOAR dunng 
s w!tc hing-cf 

85528 
85529 

II

_~ ~ 

10 VCE (V1 10~ 

I Region ofpermissible operation during switching off with -VBB = 4 V; RgE = 39 52 
II Permissible extension for repetitive pulsed operation 

t l  limits operations with t < 0. 1 µs; S = 0.25 
t2 limits operations with 

tP 
< 1 µs; S = 0.25 

III Operation in this area is not allowed. 
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~SS27 to 29 

so 

Zth 

(°C/ W I 

40 

Zo 

0 

300 

Zth 

(~C~W 

200 

100 

0 

267194 

I  

~Iiilllil~llliiiii~illiiiii~illillll~il illL.~.■■11111~.■■11111 .■■11111 .■■111■~~■.111 ~~~~ 

~~~~~ luu mu  luu~ ~~~~■■ 
Il~~~~~l~~lll~~~l~llll~~~l~llllli"~~nll■~ ~.■■11111 .■■11111 .■■11111 ./!;m1~.N111■~ 

~11111111~11111111~1'~iiiil~rin 11N—..~'~—..  iIIII~i1pli~~iiP 
 Iii~lii~II~11Nlll!~IIIIIIN~111lal~lli 
 ..~~Ill~~lllflll■■Illllll~~lllllll~~l~il~~lll~l i%t■11111 ..■11111 .■I ;;;HI~.■■nul~.■■~n■~.■■lp■ 

thj-a 

10'5
10

.4
10"3 10'Z 10-~ 1 t (s) 10 

7262 95 

L11~~ ' i 
.\pNi~~ 

1• -■_.■■111 I Z t h j a 

IAN f ~~ ~ 

10"3 10_Z 
10-~ 

 ~~Illlli~i:~: 
Zthj 

mb■.I~■1~1'I 

10 10Z t(sj 103
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BSS27 to 29 

104

ICER 

(NA) 

103

102

10 

1 

t 
'1Z 61189 

f 

85527 VCE=40V 
BS528 VIE=25V 

85529 VIE=25V 

R sE =5011 

10-~ 

1 

/  

/ 

1i 

r 

/

typ 

i 

10-2 

0 50 100 150 T~ (°C 1 200 
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BSS27 to 29 

600 

f7

(MHz) 

400 

200 

0 

7Z 67193 

typical values 
f=100MHz 
Tj=25°C 

~—

SCE=10

5V 

1V 

10 

15 

C~ 

(pF) 

10 

5 

0 
1 

7Zfi7179 

IE=Ie=O 
f-1MHz 
Tj=25°C 

typ 

10 VcB (V) 102

10z 

40 

Ce
(pF) 

30 

20 

10 

I c (mA) 

7267183 

103

Ic=I~=O 
f=1MHz 
Tj=25°C 

typ 

0  
0 25 5 VEB (V) 7.5 
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BSS27 to 29 

100 

hFE 

7s 

50 

25 

0 

7Z 62190 

typical values 
~cE=1V 
T}= 25°C 

BSS28 

1
BSS27 

85529 

1 10 

VCEs°t 

(V) 

0 
10 

102 Ic (mA) 103

7262178 

typical vnlues 
I c =500mA 
Ti=25°C 

August 1971 

BSS29 
BSS27 
BSS28 

102 I s (mA) 103
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BSS27 to 29 

0.6 

VCEsot 

(V) 

0.4 

0.2 

0 

1 

VBEsat 

Iv) 

0.7 5 

0.5 

0.2 5 

0 

7Z 61192 

I~ =10 
IB

Tj-25°C 

typ 

1 10 102 I~ (mA ) 

7Z 61191 

103

IB 
=10 

Tj =25°C 

typ 

1 10 102 I~ (mA) 103
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BSS27 to 29 

]262184 

~ ~ 

I ~ -10 
Ie ~ 

UC E sat 

(V) 

0.7 5 

0.5 

0.25 

100 

~CEmax 

(V) 

75 

50 

25 

0 
10'z

50 100 Tj (°C) 150 

10-~ 

1 

~BEsat 

(V) 

0.75 

0.5 

0.25 

1 

]Zfi 2182 

~ L 

lc° 
1A 
0.8 

0.5 

I8 =10 

0  
0 50 100 Tj (°CI 150 

7Zfi2196 

BSS28;BSS29 

10 RgE (kll) 10z
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BSS27' to 29 

20 

ton 
(ns) 

15 

10 

5 

7262185 

typical values 
I~=500mA 
I B = 50mA 
-VBE = 2 V 

85527 

B5528;BSS29 

0  
0 50 100 T (°C) 150 

40 

is
(ns) 

30 

20 

10 

40 

toff 
(ns) 

30 

20 

10 

7Z 62187 

typical values 
I c = 500mA 
I B = 50mA 
-IBM = 50mA 

85527 

85528 
BSS29 

0  
0 50 100 T (°C) 150 

7Zfi2i 06 

--a 

typical values 
I~= 500mA 
I B = 50mA 
-I BM = 50mA 

BS527

BSS28 
BSS29 

00 
50 100 T~ ( °C) 150 
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i 

40 

toff 
(ns) 

30 

20 

10 

typical values 
Ic=500mA 
Ig=50mA 
Tj=25°C 

~~
BS527 
l l 

BSS28 
BSS29 

0  
0 25 50 -IgM 75 

40 

toff 
(ns) 

30 

20 

10 

typical values 
Ic=500mA 
Tj = 25°C 

85527 

BSS28 
BS529 

0 
0 25 50 75 

Ig=-IgM (mAl 
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BSVb4 

SILICON,PLANAR EPITAXIAL TRANSISTOR 

N-P-N transistor in a TO-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) V CBO max. 100 V 
Collector-emitter voltage (open base) VCEO max. 60 V 
Collector current (peak value) 1CM max. 5.0 A 
Total power dissipation 

up to Tcase = 50 oC Ptot max. 5.0 W 
Junction temperature TJ max. 175 oC 
D.C. current gain 

IC= 2A;VCE=2V hFE > 40 
Transition frequency at f = 35 MHz 

IC=0.5A;VCE=SV fT typ. 100 MHz 
Turn off time when switched from 

IC = 5 A; Ig = 0. 5 A to cut-off 
with -IgM = 0.5 A toff < 1.2 µs 

MECHANICAL DATA 

Collector connected to case 

TO-39 0.86 
max 

1.0 
max 

o~ 

+ 5.1 

~ 9.4 - -► max 

8.5 
max 

~6.6~ 
max 

Dimensions in mm 

  +0.48 
  max 
0 

0 

~ 12.7 ~ 
min X259322 

max. lead diameter is guaranteed only for 12.7 mm 

Accessories supplied on request: 56218; 56245, 56265 
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BSV64 

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

Voltages 

Collector-base voltage (open emitter) VCBO max. 100 V 

Collector-emitter voltage RBE < 50 52 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.) IC max. 2.0 A 

Collector current (peak value) IC`q max. 5.0 A 

Base current (d. c.) IC max. 1.0 A 

Power dissipation 

Total power dissipation up to Tcase - 50 °C Ptot max. 5.0 W 
~~ 

Temperatures 

Storage temperature Tstg —55 to +175 °C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to case Rth j-c = 25 ° C/W 

2 March 1971 



BSV64 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless otherwise specified 

IE=O;VCg=60V ICBO < 10 µA 

Emitter cut-off current 

IC=O;VgB= 4V IEBO < 10 µA 

Saturation voltages 

IC= SA;Ig=0.5A VCEsat 
V$Esat 

< 
< 

LO 
1.8 

V 
V 

D.C. current gain 

IC= 2A;VCg=2V hFE > 40 

Collector capacitance at f = 1 MHz 

Ig=I e =O;VCg=10V Cc < 80 pF 

Transition frequency at f = 35 MHz 

IC=0.5A;VCg=5V f7~ typ. 100 MHz 

Turn on time when switched from 

—VBg=2.OVtoIC =SA;IB =0.5A 

with IBM = 0.5 A ton < 0.6 µs 

Turn off time when switched from 

IC =SA;IB=0.5Ato—Vgg =2.OV 

with —IBM = 0.5 A toff < 1.2 µs 
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BS~l64 

10 

Ic

(A) 

1 

10-~ 

10
.2

1 

Z 60479 

J 
T~~5Ps50°C-

repetitve pulsed operation•6-0.1 
ICMmax (~

~\ \ 
1I 

IC max 
.\ 

`, '~ 
tp=~ 

50Ns 
100 
200 

—
~ 

I Ptot max Id.c.)~ s 500 

1ms 

2 

5 
I

2 
second ~ 

breakdown 
 I~ (d.c.) ~ 10 

(mA) 
20 -̀

1 50 

III 

050 VcE(V) 100 

10 VIE lV) 10z 

Safe Operating Area 

I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation 
III D.C. operation in this region is allowable, provided RBg < 50 S2 
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BSV64 

103

Zthj-c 

i°C/WI 

102

10 

'10-~ 
10-3 10'2 10-~ 10 102 t P (msl 103

7Z6047B 

6-1 

OS 

0.2 

01  r. 

001 

~~ ~i

750 

t 
(ns) 

500 

250 

7260474 

typical values 

toff 

0  
0 25 Ic (A! 5 
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BSV64 

~~ 

—► 

60 

hFE 

50 

40 

30 

9260496 

VCE=2V 
Tj=25°C 

mm 

20  
0 

6 

IC

(A1 

4 

2 

1 2 

1260415 

I 
VCE= 2V 
T =25°C 

min.VBE max. VBE 

0  
0 VBE IVI 2 

3 

0.75 

VCEsat 

(VI 

0.5 

0.2 5 

4 5 I~ IAI 6 

92604131 

I ~ -10 
IB

typ 

0  
0 25 I~ (A) 5 

1 
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BSV68 

HIGH VOLTAGE P-N-P TRANSISTOR 

Silicon planar epitaxial transistor in aT0-18 metal enveiope with the collector con-
nected to the case. It is intended for anode switching in dynamically driven numeri-
cal indicator tubes. 

QUICK REFERENCE DATA 

Collector -emitter voltage (Rgg = 10 kS2) - VCER max. 110 V 

Collector -emitter voltage (open base) - VCEO max. 100 V 

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

Total power dissipation up to Tamb = 25 ° C Ptot max. 250 mW 

Junction temperature TJ max. 150 oC 

D.C. current gain at T~ = 25 ° C 

-IC = 25 mA; -VCE = 5 V hgE > 30 

Transition frequency at f = 35 MHz 

-IC = 25 mA; -VCE = 5 V fT typ. 95 MHz 

MECHANICAL DATA 
TO -18 

Collector connected to case 

E 

Dimensions in mm 

0 
E 

O 

5.3maX 
~—  . 12 7 min 

18715 

max, lead diameter is guaranteed only for 12.7 mm 

—~ 

March 1.971 1 



BSV68 

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

C 

Voltages 

Collector -base voltage (open emitter) 
—IC=10µA 

Collector -emitter voltage (RgE = 10 kS2) 
—IC = 10 µA 

Collector -emitter voltage (open base) 
—IC = 100 µA 

Emitter -base voltage (open collector) 
—IE=10µA 

— VCBO 

— VCER 

—VCEO 

— VEBO 

max. 110 V 

max. 110 V 1) 2) 

max, 100 V 

max. 6 V 

Currents 

Collector current (d. c.) —IC max. 100 mA 

Collector current (peak value) -~ICM max. 100 mA 3) 

Base current (peak value) —IgM max, 100 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max, 250 mW 

Temperatures 

Storage temperature Tstg —65 to +150 °C 

Junction temperature Tj max. 150 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.5 °C/mW 

1) The transistor may be operated in the breakdown region, provided the collector 
current does not exceed 10 µ~ at Tamb = 70 ° C 

2) The transistor canwithstand an inductive load of 4 mH in series with a resistance 
of 4 k52, combined with a collector current of 25 mA before switching-off 

3) The transistorcanwithstanda capacitive load of 100 pF, combined with a collec-
tor voltage equal to —VCER before switching-on 

2 March 1971 



BSV68 

CHARACTERISTICS 

Collector cut-off current 

IE = 0; —VCg = 100 V; T~=70 ° C 

— VCE = 110V ; RBE = 10 kS2 

Emitter cut-off current 

IC =O;—VEg =6V 

Saturation voltages 

—IC = 25 mA; —Ig = 2.5 mA 

T~ = 25 °C unless otherwise specified 

—ICBO 

— ICER 

— IEBO 

— VCEsat 
— VBEsat 

< 10 µA 

< 10 µA 

< 10 µA 

< 250 mV 
< 900 mV 

D.C. current gain 

—IC = 10 mA; —VCE = 5 V hFE > 30 

—IC = 25 mA; —VCE = 5 V hFE > 30 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; —VCg = 10 V Cc < 5 pF 

Transition frequency at f = 35 MHz 
50 MHz 

—IC = 25 mA; —VCE = 5 V f'I' t 95 MHz YP• 
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BSV68 

100 

hFE 

75 

50 

25 

7Z 59854 

-VcE= S V 
Tj=25°C typ 

010-z 

100 

fT

(MHz) 

75 

50 

25 

010-~ 

0-~ 10 -Ic (mAl 

7Z 59853 

10z

-VcE=SV 
f=35 MHz 
Tj =25°C 

typ  1

10 -I c (mA) 10z
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BSV68 

5 

7 259055 

T~=25°C 

TE = Ie=O 
f=1MHz 

tYP 

0  
0 10 -VCe (V) 20 

March 1971 5 



BSV68 

104

-Iceo 
(nA) 

103

10z

10 

1 

10-~ 

)Z59852 

-Vice=100V 

typ 

10Z 
0 50 100 T~ (°CI 150 
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BSV86 to 88 

SWITCHING TRANSISTORS 

Planar epitaxialtransistors for switching applications. 

QUICK REFERENCE DATA 

BSV86 BSV87BSV88 

Collector -base voltage (open emitter) VCS max. 75 75 60 V 

Collector -emitter voltage (open base) VCg~ max. 30 30 25 V 

Collector current (peak value) ICM max. 1.0 1.0 1.0 A 

Total power dissipation up to Tamb = 50 °C Ptot max. 220 220 220 mW 

D.C. current gain 
> 100 40 35 

IC = 150 mA; VCE = 10 V hFE ~ 300 120 - 

Transition frequency at f = 100 MHz 

IC = 50 mA; VCg = 10 V fZ, > 100 100 100 MHz 

MECHANICAL DATA 

0.28 
~ 

mex 

Dimensions in mm 

f 

0.75 max + 
c 

X 6.5 max —

i

i 

TUX 

_r~ 
t 

  —1.6min } I -~-
--~J 

_1--~ 
~ ~ 2.54 

b 
7.62 
max 

_ _ 
-tI 

.s~ 
2.54 

e 

'/Z606'/3 
ZJ 

i 2.Smax ~- 2.3 min 
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gsysb to ss 

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

BSV86 
Voltage s 

BSV87 BSV88 

Collector-base voltage (open emitter) VCgp max. 75 60 V 

Collector-emitter voltage (RBE = 10 S2) VCER max• 50 35 V 

Collector-emitter voltage (open base) VCEO max. 30 25 V 

Emitter-base voltage (open collector) VEgp max. 7 5 V 

Currents 

Collector current (d. c . ) IC max. 0. 4 A 

Collector current (peak value) IC M max. 1. 0 A 

Emitter current (peak value) IEM max. 1.12 A 

Base current (peak value) IBM max. 0. 12 A 

Power dissipation 

Total power dissipation up to Tamb = 50 °C Ptot max. 220 mW 

Temperature s 

Storage temperature Tstg -65 to +150 ° C 

Junction temperature Tj max. 150 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 450 ° C/W 

2 April 1971 



BSV86 fo 88 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 ° C unless 

BSV86 

otherwise 

BSV87 

specified 

BSV 88 

IE=O;VCg=60V ICBO < nA 100 100 

IE = 0; VCB = 30 V IC BO 100 nA 

IE=0; VCB=60 V;T~=100 ° C ICBO < 10 10 µA 

IE=O;VCg=30 V;T~=100 ° C IC BO 10 µA 

Emitter cut-off current 

IC =O;VgB =SV IEBO < 100 100 nA 

IC=O;VgB=3V IEBO 100 nA 

Base-emitter voltage 

VBE < 0.9 0.9 0.9 V IC =1mA;VCg=SV 

Saturation voltages 

VCE sat 
< 80 80 80 mV IC = 10 mA; IB = 1 mA 

IC = 50 mA; IB = 5 mA VCE.sat < 120 120 120 mV 

IC=150mA;IB=15mA VCE sat 
VBE sat 

< 
< 

200 
1300 

200 

1300 

200 
1300 

mV 
mV 

IC =400mA; IB =40mA VCEsat 
VBEsat 

< 
< 

425 
1300 

425 
1300 

425 
1300 

mV 
mV 

D.C. current gain 

hFE 75 35 35 IC = 10 mA; VCg = 10 V 

> 100 40 35 
1C=150mA; VCE =10V hFE < 300 120 

IC = 500 mA; VCg = 10 V hFE 40 20 20 

Small signal current gain at f = 1 kHz 

> 50 40 
IC=1mA;VCE= 5V hfe < 200 120 

> 70 35 
IC=SmA;VCg=10V hfe < 300 150 

April 1971 3 



BSV86 to 88 

CHARACTERISTICS (continued) 

Collector capacitance at f = 1 MHz 

IE=Ie=O;VCB=10V 

Emitter capacitance at f = 1 MHz 

IC =Ic =O;VEB =0.5V 

Transition frequency  at f = 100 MHz 

IC=50mA; VCE=10V 

Switching times 

IC = 150 mA; IB1 = - IB2 = 15 mA 

Delay time 

Rise time 

Storage time 

Fall time 

Test circuit: 

td

tr

is

tf 

tYP• 

typ. 

typ. 

n'P• 

BSV86 
BSV87 

Cc < l5 pF 

Ce < g0 pF 

fT > 100 MHz 

BSV88 

20 

30 

190 
250 

20 

+10 V 

osc. 

VBB 
measuring td and tr: VBB = -5 V; V1 = +12 V with tr = 20 ns 
measuring is and tf: VBB = +6 V; VI = -ll V with tf = 20 ns 

20 

30 

ns 

ns 

190 ns 
- ns 

20 ns 

-k April 1971 



BSV96 to 98 

SWITCHING TRANSISTORS 

Planar epitaxial transistors for switching applications. 

QUICK REFERENCE DATA 

BSV96 BSV 97 BSV 98 

Collector-base voltage (open emitter) -VCBO max. 30 30 30 V 

Collector-emitter voltage (open base) -VCEO max. 30 30 30 V 

Collector current (peak value) -ICM max. 800 800 800 mA 

Total power dissipation up to Tamb-50 °C Ptot max' 220 220 220 mW 

D.C. current gain > 100 40 30 
-IC = 150 mA; -VCE = 2 V h

FE < 250 120 

Transition frequency at f = 35 MHz 
-IC = 50 mA; -VCE = 5 V f,I, typ. 75 75 75 MHz 

MECHANICAL DATA 

0.26 max 
i 

7.62 _ _ 
max 

-~- 

+ 2.5 max 

X6.5 max — ► 

i  max t 

2.3 min 

Dimensions in mm 

0.75+ ax + 

— 1.6min ~ 
r 

F 

~ 2.54 

2.54 

]2606'13 
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BSV96 to 98 

RATINGS Limitingvaluesinaccordancewiththe Absolute Maximum System (IEC 134) 

Voltages 

Collector-base voltage (open emitter) - VCBO max. 30 V 

Collector-emitter voltage (open base) -VCEO max. 30 V 

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

Currents 

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

-IC(AV) 
max. 300 mA 

Collector current (peak value) -ICM max. 800 mA 

Power dissipation 

Total power dissipation up to T
amb - 

50 ° C Ptot max. 220 mW 

Temperatures 

Storage temperature Tstg -65 to +150 ° C 

Junction temperature Tj max. 150 ° C 

THERMLA RESISTANCE 

From junction to ambient in free air Rth j-a = 450 ° C/W 

2 April 1971 



BSV96 to 98 

CHARACTERISTICS T~ = 25 °C unless otherwise specified 

Collector cut-off current BSV 96 BSV97 BSV 98 

VBE = 0; —VCE = 20 V —10ES ~ 100 100 100 nA 

VBE = 0; —VCE = 20 V; T~ = 100 ° C —10ES < 10 10 10 µA 

Saturation voltages 

01.3 
0.5 0.5 V 

—IC = 300 mA; —IB = 30 mA _VCE sat ~ 
BE sat 1.3 1.3 V 

—IC = 800 mA; —IB = 30 mA —VCE sat < 6 6 6 V 

D.C. current gain 

—IC = 10 mA; —VCE = 2 V hFE > 25 25 25 

—I =150mA;—V =2V C CE h > 
FE < 

100 
250 

40 
120 

30 

—IC = 500 mA; —VCE = 2 V hFE > 25 25 25 

Transition frequency at f = 35 MHz 

—IC = 50 mA; —VCE = 5 V f.I. typ. 75 75 75 MHz 

Collector capacitance at f = 1 MHz 

Cc typ. 10 10 10 pF IE = Ie = 0; —VCB = 10 V 

April 1971 3 





BSW41 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P -N transistor'in aT0-18 metal envelope intended for core driver applications in 
small memories. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCBp max. 40 V 

Collector-emitter voltage (open base) VCEO max. 25 V 

Collector current (peak value) ICM max. S00 mA 

Total power dissipation 
up to Tcase = 25 oC Ptot max. 1.0 W 

Junction temperature T~ max. 200 oC 

D.C. current gain 
IC=500mA;VCE=10V hpE > 20 

Transition frequency 
IC=50mA;VCE=10V;f=100 MHz fT > 250 MHz 

Turn off time when switched from 
IC = 300 mA; IB = 40 mA to cut-off 
with —IBM = 20 mA toff ~ 100 ns 

MECHANICAL DATA 

Collector connected to case 

TO-18 

0 
E 
m 

Accessories available: 56246; 56263 

Dimensions in mm 

0 
E 

d 
O 

5.3 maz 12.7 min 
7208715 

August 1969 1 



BSW 41 

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

Voltages 

Collector -base voltage (open emitter) 
IC = 0.1 mA VCgp max. 40 V 

Collector -emitter voltage (open base) 
IC = 30 mA VCEO max. 25 V 

Emitter -base voltage (open collector) 
IE = 0. 1 mA VBBO max. 5 V 

Currents 

Collector current (d.c.) IC max. 300 mA 

Collector current (peak value) ICM max. 500 mr1 

Power dissipation 

Total power dissipation up to Tcase = 25 oC Ptot max. 1.0 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 0.50 °C/mW 

From junction to case Rth j -c 0.175 oC/mW 

2 December 1968 



BSW41 

CHARACTERISTICS T~ = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 30 V 

IE = 0; VCB = 30 V; T~ = 100 °C 

Saturation voltages 

IC=150mA;IB=15mA 

IC = 500 mA; Ig = 35 mA 

IC=500mA; IB=50mA 

D.C. current gain 

IC = 10 mA; VCE = 10 V 

IC=SOOmA; VCE=10V 

Collector capacitance 

IE=Ie =O;VCg=lOV;f=1MHz 

Transition frequency at f = 100 MHz 

IC= 50mA;VCE=10V 

Turn on time  when switched to 

a) IC = 150 mA; IB = 15 mA (fig, l on page 4) 

b) IC = 300 mA; Ig = 40 mA (fig. 1 on page 4) 

Turn off time when switched from 

c)IC= 150mA; IB= 15mAto 
cut-off with -IBM = 15 mA (fig.2 on page 4) 

d) IC = 300 mA; IB = 40 mA to 
cut-off with -IgM = 20 mA (fig. l on page 4) 

e) IC = 400 mA; IB = 50 mA to 
cut-off with -IgM = 1 mA (fig. 1 on page 4) 

ICBD < 0.5 µA 

ICgp < 50 µA 

VCEsat < 0.5 V 

VBEsat < 1.3 V 

VCEsat < 0.7 V 

VBEsat < 1.8 V 

hFE > 30 

hFE > 20 

Cc < 8.0 pF 

fT > 250 MHz 

ton < 60 ns 

ton < 50 ns 

toff < 60 ns 

toff < 100 ns 

toff < 300 ns 

December 1968 3 



BSW41 

CHARACTERISTICS (continued) 

IC 
(mA) 

Ig 
(mA) 

IgM 
(mA) 

VCC 
(V) 

Rl 
(kSt) 

R2 
(kS2) 

R3 
(S2) 

R4 
(S2) 

VBB 
(V) 

VBE 
(V) 

Vi 
(V ) 

a 150 15 - 10 1 ~ 50 62 - - 0 to +16 
b 300 40 - 15.5 0.33 0.33 56 50 -4.5 -2.25 0 to +20 
c 150 15 -15 10 1 1 50 62 +16 - 0 to -30 
d 300 40 -20 15.5 0.33 0.33 56 50 +15.3 - 0 to -20 
e 400 50 -1 12.5 1 ~ 50 30 - - +51 to 0 

Test circuits 

vcc 

BBB 

Fig. 1 

Pulse generator: 

Rise time tr _< 2 ns 

Pulse duration t = 200 ns 

Fall time tg < 2 ns 

Output resistance Ro = 50 S2 

Vo

~ ton 

Fig. 2 

Oscilloscope: 

Input resistance Ri = 50 S2 

Vo

4 December 1968 
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BSW41 

72098 2 

100 

hFE 

80 

60 

40 

VCE =10V 
T -25°C 

tP 

201 

103

IC
(mA) 

102

10 

1 
10 

10 102 IC (mA) 

7209813 

103

VCE=10V 
Tj• =25°C 

,~ Q 10 
~o+/ 

102 103 104 Ig(NA) 105
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BSW41 

0.6 

~C Esat 
(V) 

0.4 

0.2 

1.2 

~BEsat 
(V) 

1 

7209814 

I  
Ig -20 

0.8 

10 

typical values 
Tj• - 25°C 

0.6 

0.4 
0 

10 OZ I~ (m A) 10 3

7209811 
iiiiiiiiiiiiiiitYPical valuesiiiiiiiiiiiiiiiiiiii=iiii=~~~~~~~ 

iiiiiiiiiiiiiii■i■■■■oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

LC _10 
IB 

~►i%:~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~.~~~~■■■■■■■■■■■■■■■■~■■■■■~■■u■■■■~~~■■■■■■■■■~~■■■■■■■■■~ 

~~~~~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

100 200 300 400 500 IC (mA) 
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BS1N41 

800 

fT

(MHz) 

600 

400 

7208986 

200 

VCE =10V 
Tj .25°C 
f -100MHz 

ty p 

00
200 400 IC(mA) 600 

600 

IC
(mA) 

400 

200 

7208982 

typical values 
Tj = 25°C 

  m
 '10,;1 ~7

5mA-

4mA

3~~ 

2 mA-

1mA-

00

7208983 1041.5 

Ptot ICBO 
(nA) 

(W) 

103

1 
~P 

~J 

102~~\ ~~ ,~h
~~~\,,so k.;fh C'~ 

coal~~ ~SO~ ~L 
0.5 

_ 

9~~! 
10 

Rn  f~Pp~ss~rs ~ 
fh Oi ; ~1 y`

, SoO~~ 

00
100 T(°C) 200 

5 VCE (V) 10 

7208964 

typical values 

 o ~ 
~~ o 

10 100 200 T °C)300 
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BSW41 

40 

ton 

(ns) 

30 

zu 

10 

]Z62161 

I~=300mA 
-VeE = 2.25V 
T=25°C 

typ 

0  
0 25 50 Ia(mA)75 

]Z 611fi0 

75 

t aff 

(ns) 

50 

25 

]Z621fi3 

I~ = 300mA 

-I gM = 20mA 

Tj=25°C 

typ 

0  
0 25 Ig (mA) 50 

]Z62162 

20 

ton 
(ns) 

15 

10 

5 

0 
0 

I ~ =150mA 
Tj=25°C 

I~=150mA 

15 mA 
100 

-I BM = 
toff Tj=25°C 
(ns) 

75 

ty P typ 

50 

25 

0 
10 20 I B (mA) 30 0 1G 20 I B (mAl 30 
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BSW66 to 68 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-i\ transistors in a TO-39 metal envelope with the collector connected to the 
case. The transistors are intended for general purposes, especially for switching 

with inductive load. 

QUICK REFERENCE DATA 

BSW66 BSW67 BSW68 

Collector -base voltage (open emitter) VSO max. 100 120 150 V 

Collector -emitter voltage (open base) VCEO max. 100 120 150 V 

Emitter -base voltage (open collector) VEBO max. 6 6 6 V 

Collector current (peak value) 1Chq max. 2 A 

Total power dissipation up to Tease = 25 °C Ptot max. 5.0 W 

Junction temperature T~ max. 200 oC 

Transition frequency at f = 35 MHz 
IC = 100 mA; VCE = 20 V fT typ. 80 MHz 

D.C. current gain 
IC = 10 mA; VCE = 5 V hFE > 30 

IC = 500 mA; VCE = 5 V hFE > 30 

MECHANICAL DATA 

Collector connected to case 

TO -39 
max /` 45°~' 
/\ 

1.0 
max 

~- 5.1 

~ 9.4 ~ max 

8.5 
max 

~.

6.6 ~~-12 7 ~ 
max min azseazz 

Accessories available: 56218, 56245, 56265 

Dimensions in mm 

,o  +048 
+max 

0 

June 1971 1 



BSW66 to 68 

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

Voltages BSW66 BSW67 BSW68 

Collector-base voltage (open emitter) VCBO max. 100 120 

Collector-emitter voltage (open base) 1) VCEO max. 100 120 

Emitter -base voltage (open collector) VEBO max. 6 6 

Currents 

Collector current (d.c. or average over 
any 20 ms period) IC max. 1 A 

Collector current (peak value) ICM max. 2 A 

Emitter current (peak value) — L,,.. max. 2 A 

Power dissipation 

Total power dissipation up to Tamb = 25 oC 
0 

Tcase = 25 C 

Switch off energy with inductive load 
IC < 500 mA E max. 5 mW5 

150 V 

150 V 

6 V 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Ptot 

Ptot 

Tstg 

Tj 

Rth j -a 

Rth j -c 

max. 0.8 W 

max. 5.0 W 

—65 to +200 oC 

max. 200 oC 

= 220 oC/W 

= 35 oC/W 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = VCBOmax ICBO < 100 µA 
IE = 0; VCB = i VCBOmax ICBO < 100 nA 
IE = 0; VCB ' 2 VCBOmax~ Tj = 150 oC ICBO < 00 µA 

Emitter cut-off current 

IC=O;VEB=6V 
IC=O;VEg=3V 

I I - ]00 mA ) C - 

IEBO 

IEBO 

< 100 µA 
< 100 nA 

2 Juice 1971 



BSW66 to 68 

CHARACTERISTICS (continued) 
Saturation voltages 

IC = 100 mA; Ig = 10 mA VCEsat < 150 mV 

VBEsat < 900 mV 

IC =500 mA; IB = 50 mA BSW66; BSW67 VCEsat < 400 mV 
BSW68 VCEsat < 500 mV 

VBEsat < 1.1 V 

IC = 1 A; IB = 150 mA VCEsat < 1 V 

VBEsat < 1.4 V 

D.C. current gain 

IC = 10 mA; VCE = 5 V hpE > 30 

IC = 100 mA; VCE = 5 V hpE > 40 

IC = 500 mA; VCE = S V hFE > 30 

IC = 1 A; VCE = 5 V hpE > 15 

Collector capacitance at f = 1 MHz 

IE =Ie =O;VCB=10V Cc < 35 pF 

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; VEg = 0 Ce < 650 pF 

Transition frequency  at f = 35 MHz 

IC = 100 mA; VCE = 20 V 

Turn on time  when switched from 

-VgE=4V toIC= 500mA; Ig= 50mA 

Turn off time when switched from 

IC = 500 mA; IB = 50 mA to -VBB = 6.5 V 

(-IgM = 50 mA) 

Test circuit: 

+2tv 

o—
~, t ,~ 

Note 

f7- typ. 80 MHz 

ton typ. 0.5 µs 

toff tYP • 1 µ s 

Pulse generator: 

Pulse duration t > 5µs 

Rise time tr  < 10 ns 

Fall time tf < 10 ns 

-IBM is the reverse current that can flow during switching off. The indicated -IBM 
is determined and limited by the applied cut-off voltage and series resistance. 

June 1971 



BSW66 to 68 

CHARACTERISTICS (continued) 

~~ 

6 

Ptot 
(W) 

4 

2 

7210050 

—~n free 

'~''
op

 nth 
_a,2?po 11~~■ _ ~~w 

100 T(°C) 200 

100 

C~ 
(pF) 

75 

50 

25 

0 
0 

)Z631)L 600  1Z621)5 

f =1MHz f =1MHz  
I E =I e =O C Q  I~-I~-O 
T~=25°C (pF) T~=25°C 

400 

typ 

typ 
200 

0 
10 20 VCe (V) 30 0 5 VEB (V) 10 
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BSW66 to 6$ 

7210051 

{ 

80 

hFE 

60 

40 

20 

°1 10 10 

VCE=5V 
Tj -25°C 

l 

gyp 

 `-. 1

m~~ 

800 

VC Esut
(mV) 

600 

7210055 

400 

200 

8=10 ~~ 

T -25°C 

 I
P 

2

01 

2 

1.2 

VB Esat
(V)  

10 3 IC (mA) 104

72100 54 

0.8 

0.6 

gI  =10 

T _25°C 

typ 

10 100 IC (mA)1000 0'41 10 100 IC(mA) 1000 
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BSW66 to 68 
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BSW69 

SILICON PLANAR SWITCHING TRANSISTOR 

N-P-N transistor in a plastic envelope intended for driving numerical indicator tubes 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCBp max. 150 V 

Collector -emitter voltage with RBE = lOkS2 VCER max. 150 V 

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

Total power dissipation up to Tamb = 50 oC Ptot max. 125 mW 

D.C. current gain at T = 25 ° C 
IC = 4 mA; VCE - 2 ~ hFE > 30 

Transition frequency at f = 100 MHz 
IC = 10 mA; VCE = 5 V f.I. typ. 130 MHz 

MECHANICAL DATA Dimensions in mm 

May 1969 1 



BSW69 

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

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage with RBE = 10 kS2 

Emitter-base voltage (open collector) 

Currents 

Collector current (d.c.) 

Emitter current (d. c. ) 

Power dissipation 

Total power dissipation up to Tamb = 50 

Temperatures 

Storage temperature 

Junction temperature 

'THERMAL RESISTANCE 

oC 

VCBO 

VCER 

V EBO 

max. 150 V 

max. 150 V 

max. 6 V 

IC max. 50 m*1 

-IE max. 50 mA 

Ptot max. 125 mW 

Tstg -30 to +125 °C 

Tj max.. 125 oC 

From junction to ambient in free air Rth j -a = 0.6 °C/mW 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off current 

IE =O;VCg=100V 

IE = 0; VCB = 150 V 

VBE = 150 V; R BE = 10 kS2 

VCE = 100 V; Vgg = 0.4,V; Tj = 75 °C 

Emitter cut-off current 

IC=O;VEB=4V 

IC = O>VEB =6 V 

ICBO 

1CB0 

ICER 

ICEX 

< 100 nA 

< 10 µA 

< 100 µA 

< 100 µA 

lEBO < 

IEBO < 

100 nA 

10 µA 

2 May 1969 



BSW69 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

Base-emitter voltage 

IC = 4 mA; VCE = 2 V VBE < 0.75 V 

Saturation voltage 

IC = 20 mA; Ig = 1 mA VCEsat ~ 4 V 

D.C. current gain 

IC = 4 mA; VCE = 2 V hFE > 30 

Collector capacitance  at f = 1 MHz 

IE = Ie = 0; VCB = 10 V Cc typ. 2 pF 

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; VEg = 0.5 V Ce typ. 17 pF 

Transition frequency  at f = 100 MHz 

IC = 10 mA; VCE = 5 V fT typ. 130 MHz 

~4 

IC80 
(nA) 

0' 

.... 
V - 0100 

~~~~~~~~~~~~~~~~~/~~i~~~~~~~~~ 
IIIIIIIIIIIIIIIIIICCu'.~1111111 

~~~u~~~n.~~~~~~~~~mu~~~~~ 
Illlllll~illllllllllllli:lllll 

~~~~~~~~~~~~~~~~~~~~~~1~~~~

~~~u~~~~~un~~ :i~~u~~~~~~~~ 
IIIIIIIIIIIIIIIi11111111111111 

Illlllllllll~illlllllllillllll 
n~~~~r.i~~~~~~~~~~~ un~~~~~~ 
11111111111111111111111111111 

too r ~c~ 150 

~: ~~ 

May 1969 3 



BSW 69 

7210408 

VCE =2V 
Tj• =25°C 

10 

10.01 

 max Ig, 

i 

—tyP 

i ~ m,

f 
/, 

I

60 

IC

(mA) 

4-0 

20 

0] 

7 Z 10411 

 TE =25°C 

tYP ~-

00 
0.5 VgE (V) 

8 

VC Esat 
(V) 

6 

Ig
=20  

T=25°C   

I g (mA) 

n~oaio 
l  ~Y 

10 

~~

itYP 

i
20 40 IC(mA) 60 
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BSX 12 
BSX12A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a TO-39 (reducedheight) metal envelope with the collector con-

nected to the case. They are intended for very high speed switching capability in high 

current applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

VCBO 

VCEO 

BSX12 BSX12A 

max. 

max. 

25 

12 

25 V 

15 V 

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

Total power dissipation up to Tmb = 95° C Ptot max. 3 W 

Junction temperature T~ max. 200 oC 

Collector-emitter saturation voltage 
IC =l00mA;Ig=10mA VCEsat < 230 mV 

D.C. current gain at T = 25 oC 
IC = 300 mA; VCE _ ~. 5 V hPE 

typ. 
30 to 

60 
120 

Transition frequency 
IC = 100 mA; VCE = 5 V ; f = 100 MHz fT typ. 620 MHz 

Storage time when switched from 
IC = 1 A; IB = 100 mA to cut-off with 

-IBM = 100 mA is < 18 ns 

MECHANICAL DATA see page 2 
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BSX12 
BSX12A 

~—

MECHANICAL DATA 

TO-39 (reduced height) 
Collector connected to case 

E ~l
3.4`^°` 

llimensions in mm 

0 

127min

rznoss 

max. lead diameter is guaranteed only for 12.7 mm 

Accessories supplied on request: 56218 

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

Voltages 

Collector -base voltage (open emitter) 

Collector -emitter voltage (VBE = 0) 

Collector -emitter voltage (open base) 

Emitter -base voltage (open collector) 

Currents 

Collector current (d. c. ) 

Collector current (peak value) 

Base current (peak value) 

Power dissipation 

Total power dissipation up to Tmb = 95° C 

VC BC 

VCES 

VCEO 

V EBO 

IC 

1CM 

1BM 

Ptot 

BSX12 BSX12A 

max. 25 

max. 25 

max. 12 

max. 4 

25 V 

25 V 

15 V 

4 V 

max. 1 A 

max. 1 A 

max. 0.2 A 

max. 3 W 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to mounting base 

Rth j -a 

Rth j-mb 

= 300 °C/W 

= 35 ° C/W 

2 February 1971 



BSX12 
BSX 12A 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off currents 

IE = 0; VCB = 25 V ICBO 
typ. 
< 

10 
500 

nA. 
µA 

°C 
t 7 A 

IE = 0; VCB = 25 V; Tj = 150 ICgp ~~ 1 mA 

VgE = 0; VCE = 15 V ICES tom' 
< 

10 
100 

nA 
µA 

V O;V -15 V;T~-125 ° C BE = CE - J - I CES 
tYP• 
< 

5 
500 

µA 
µA 

Emitter cut -off current 

IEBO 
typ. 
< 

100 
500 

nA 
µA IC = 0; VEg = 4 V; T~ = 150 °C J 

Current at reverse biased emitter junction 

- IBEX 
typ. 
< 

100 
100 

nA 
µA VCE = 15 V; -VBE = 2 V 

Saturation voltages 

VCEsat < 0. 25 V IC = 10 mA; IB = 1 mA 

VBEsat 
typ. 
< 

0. 72 
0, 78 

V 
V 

IC=l00mA; IB=10mA VCEsat < 0. 23 V 

typ. 0. 8 V 
VBEsat < 1. 1 V 

IC = 300 mA; IB = 30 mA VCEsat 0. 33 V 

typ. 0.9 V 
VBEsat < 1. 2 V 

IC = 300 mA; IB = 30 mA; Tj = 85 ° C VCEsat < 0. 5 V 

IC= lA ; IB=0.lA VCEsat < 0. 7 V 

VBEsat 
typ. 
0.9 

1. 1 
to 1.7 

V 
V 
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BSX12 
BSX12A 

CHARACTERISTICS (continued) 

D. C. current amain 

IC= lOmA;VCE =0.5V 

T~ = 25 ° C unless otherwise specified 

hF E 

IC = 100 mA; VCE = 0. 5 V hFE 

IC = 300 mA; VCE = 0. 5 V 

IC= lA ;VCE = 1V 

Collector capacitance at f = 1 MHz 

IE = Ie = 0; VCB = 0 

hFE 

hFE 

c~ 

IE = Ie = 0; VCB = 5 V Cc

Emitter capacitance at f = 1 MHz 

IC = Ic = 0; VEB = 0. 5 V Ce

Transition frequency at f = 100 MHz 

IC =l00mA; VCE =SV 

IC = 500 mA; VCB = 0 

fT

fT 

> 20 
typ. 45 

> 30 
typ. 65 

typ. 60 
30 to 120 

> 15 
typ. 35 

typ. 10 pF 
< 25 pF 

typ. 8 pF 
< 12 pF 

typ. 16.5 pF 
< 25 pF 

> 450 MHz 
typ. 620 MHz 

> 200 MHz 
typ. 400 MHz 

4 February 1971 



BSX12 
BSX12A 

CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 

Switching times (see page 6) 

Turn on time when switched from 
-VBE =4VtoI C =lA; IB = 100mA to

Turn off time when switched from 
IC = 1 A; IB = 0. 1 A to cut off with -IBM = 0. 1 A is

Test circuit: 

+7V  -

-4V 

Storage time 

IC= 1B1= - IB2=0.1A 

Test circuit: 

+S.SV -

-4.5V J `--

toff 

12V Pulse generator: 

Pulse duration 

Rise time 
Duty cycle 

TS

5V Pulse generator: 

typ. 11 ns 
< 15 ns 

typ. 13 ns 

< 18 ns 

typ. 19 ns 
< 25 ns 

tp = 100 ns 
tr < 1 ns 
S = 0. O1 

typ. 11 ns 
< 15 ns 

Pulse duration tp = 100 ns 
Rise time tr < 1 ns 
Duty cycle S = 0.01 
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BSX12 
BSX12A 

10 

Ic

(AI 

1 

10-~ 

10z

'lZ60054 

Tmy ~ 95°C — 

repetitive pulsed operation;b=0.1 

IC max °ICM maz 
' tp=U.Olms 

0.02 m s 
O.OSms 

Ptot max (d.~.) 
~II 0.1 ms 

1 ms 
~~10ms 

I second---► 
breakdown 

(d. c.) 

BSX12 BSX12A 

10 VCE (V 10z

Safe Operating Area with the transistor forward biased 

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

6 February 1971 



BSX12 
BSX12A 

10`' 
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BSX12 
BSX12A 

100 

hFE 

75 

50 

25 

0 
10-3

]Z59822 

typical values 

VCE =1V 

~~ 
 r =1so°c 

,~ 
25°C 

10z 

10 2 10 ~ I~(A) 

]Z59820 

10  
10-~ 

typ 

f 

max I B

VIE=1V 
T)=25°C 

10 I B (mA) 10Z
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BSX12 
BSX12A 

1 

Ic 
(A) 

0.75 

0.5 

0.25 

7Z 59815 

J VCB =O 
T~ = 25°C 

typ r /max 

i 
1 
1

00
OS 1 VBE (VI 15 

10z

IB

(mA) 

10 

1 

1 

V BE 

(vl 

0.75 

0.5 

0.25 

'1259816 

Ic-tA 

~~ 0.3A 

0.1A 

10mA 

typical vnlues 
Vice=O 

00 I I I I 

7Z 59 B19 

typical values 

Ic= A VCE=1V 

= ` =300mA; VcE =0.5V 

I c _100mA; VcE =0.5V 

10 ~0 
50 100 Ti (°C) 150 

50 100 Ti (°CI 150 
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BSX12 
BSX12A 

9 Z 59810 

1000 

VCE sat 
(mV) 
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500 

250 

00

typical values_ 

IB
-10

1000 

~BEsat 

ImV) 

750 ~\ 

~' Ic-1A 
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0.3  
250 

O.1A 

0 
50 100 T (°CI 15C 0 50 

1000 

fT

1 MHz) 

750 

500 
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9259809 

I C =1A 

0.3 A 

01A 
~~ 

typical values 

IB =10

~~ 
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Z 59821 

VCE =SV 
f=100MHz 
Tj=25°C 
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0 
10-Z 10-~ Ic(A) 
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BSX12 
BSX12A 

40 

uCER 

(V) 

30 

20 

10 

9Z 59023 

max. allowable collector-emitter volta9es~ 

BSX12A 

BSX12 

0 
10 ~ 10 OZ 03 104 RgE(11) 105

10 

C~ 

IpFI 

7.5 

5 

2.5 

0 

9Z 59014 25 

C e

(pF) 

20 

15 

100

9259013 

IE_Ie=0 
f=1MHz 
Tj _ 25°C 

Ic =I~=O 

f=1MHz 

Tj = 25°C 

typ 

typ 

0 5 10 VCe IVI 15 1 VEB (V) 2 
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BSX12 
BSX12A 
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BSX12 
BSX12A 
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BSX12 
BSX12A 

20 
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typ 

r~ 
50 100 T (°CI 150 
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BSX 19 
BSX20 

VERY HIGH SPEED SWITCHING TRANSISTORS 

N-P-N silicon planar epitaxial transistors in a TO-18 metal envelope with the 
collector connected to the case. The BSX 19 and BSX20 are primarily intended 
for very high speed saturated switching. 

QUICK REFERENCE DATA 

BSX19 BSX20 
Collector -base voltage (open emitter) VCBO max. 40 40 V 

Collector -emitter voltage (open base) VCEO max. 15 15 V 

Collector -emitter voltage (VgE = 0) VCES max. 40 40 V 

Collector current (peak value) ICM max. 500 500 mA 

Total power dissipation up to 

Tamb = 25 °C Ptot max. 360 360 mW 

D. C . current gain at T~ = 25 ° C 

IC = 10 mA; VCE = 1 V hF E 20 to 60 40 to 120 

IC = 100 mA; VCE = 2 V hFE > 10 20 

Transition frequency 

IC = 10 mA; VCE = 10 V f-r > 400 500 MHz 

Storage time 

IC=1B=-IBM=lOmA is < 10 13 ns 

MECHANICAL DATA 
Collector connected to case 
TO-18 o~ ~~F ,. 45 ~ e 

1 ~+ - k. 

( R 

X 
_% ',2.54 

5.8ma. 

b 
i 

Accessories available: 56246, 56263 

X5.3'"°x 

Dimensions in mm 

E ' 

of 

 '~ 

12 7 min 
]ZOB'I15 

June 1968 1 



BSX 19 
BSX20 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

Collector -emitter voltage with VBE = 0 VCES max. 40 V 

Emitter -base voltage (open collector) V EBO max. 4.5 V 

Current 

Collector current (peak value; t = 10 µs) ICM max. 500 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 oC Ptot max. 360 mW 

Temperatures 

Storage temperature Tstg —65 to +200 ° C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.48 oC/mW 

From junction to case Rth j -c = 0.15 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



BSX 19 
BSX20 

CHARACTERISTICS Tj = 

Collector cut-off current 

25 ° C unless otherwise specified 

ICBO < 400 nA 

ICBO < 30 µA 

IE = 0; VCg = 20 V 

IE = 0; VCg = 20 V; Tj = 150 °C 

VgE = 0; VCg = 15 V; Tj = 55 ° C ICES < 0.40 µA 

VgE = 0; VCE = 40 V ICES < 1.0 µA 

Emitter cut-off current 

IEBO < 10 µA IC = 0; VEB = 4.5 V 

Currents at reverse biased emitter junction 

ICEX < 0.60 µA 
VCg = 15 V;—VgE = 3 V; Tj = 55 o C 

I — BEX < 0.60 µA 

Sustaining voltages 

IC = 10 mA; IB = 0 VCEOsust > 15 V 

IC = 10 mA; RBE = 10 S2 VCERsust > 20 V 

Base-emitter voltage (see also page 8) 

VBE > 0.35 V IC = 30 µA; VCE = 20 V; Tj = 100 ° C 

Saturation voltages 

I 10 mA; 
BSX19: IB = 0.6 mA 

C BSX20: IB = 0.3 mA 
V CEsat < 0.3 V 

IC = LO mA; IB = 1 mA VCEsat < 0.25 V 

VBEsat 0.70 to 0.85 V 

IC = 100 mA; IB = 10 mA VCEsat < 0.60 V 

VBEsat < 1.50 V 

Collector capacitance at f = 1 MHz 

Cc < 4 pF I E = Ie = 0; VCB = 5 V 

Emitter capacitance at f = 1 MHz 

Ce < 4.5 pF IC = Ic = 0; VgB = 1 V 

June 1968 3 



BSX 19 
8SX20 

CHARACTERISTICS (continued) 

D.C. current gain 

T~ = 25 ° C unless otherwise 

BSX19 

specified 

BSX20 

IC = 10 mA; VCg = 1 V hFE 20 to 60 40 to 120 

IC = 10 mA; VCE = 1 V; T~ _ -55 ° C hF E > 10 20 

IC = 100 mA; VCE = 2 V hFE 10 20 

Transition frequency 

> 400 500 MHz 
IC = 10 mA; VCE = 10 V fT 

typ. 500 600 MHz 

Switching times 

Storage time (see also pages 20 and 21) 

IC = IB = -IBM = 10 mA 

Test circuit: 

t s 
tYP. ~ 
< 10 

voltage at 
point P 

(i 
13 

ns 
ns 

t lOV 

t 1V 

Pulse generator: 

Rise time tr < 1 ns 

Pulse duration t > 300 ns 

Duty cycle S < 0.02 

Source impedance R S = 50 S2 

720997 

+ 6V 

0 

4V 

voltage at 
point A 

+10V 

Oscilloscope: 

Input impedance 

Rise time 

10°b 

time 

time 

1ao~b 

lob 

R i = 50 S2 

tr < 1 ns 

4 June 1968 



BSX 19 
BSX20 

CHARACTERISTICS (continued) T~ = 25 

Switching times 

° C unless otherwise specified 

Turn on time (see also pages 14 and 15) 
from -VBE = 1.5 V to IC = 10 mA; Ig = 3 mA ton < 12 ns 
from -Vgg = 2.25 V to IC = 100 mA; Ig = 40 mA ton < 7 ns 

Turn off time (see also pages 16 to 19) 
from IC = 10 mA; IB = 3 mA BSX19 toff < 15 ns 
to cut-off with -IBM = 1.5 mA BSX20 toff < 18 ns 
from IC = 100 mA; IB = 40 mA to cut-off BSX19 toff < 18 ns 
with -IBM = 20 mA BSX20 toff < 21 ns 

Test circuit: ~cc 

R1 

VBB 

Pulse generator: 

Rise time 

Pulse duration 

Duty cycle 

Source impedance 

v; 

VA

ozmae 

v;

Vp 

Oscilloscope: 

t r < 1 ns Input impedance R i = 50 S2 

t > 300 ns Rise time tr < 1 ns 

S < 0.02 

R S = 50 S2 

turn on time turn off time 

IC IB - IBM VCC Rl;R2 R3 R4 -VBB - VBE Vi VBB - Vi 
(mA) (mA) (mA) (V) (kS2) (S2) (S2) (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 

-IBM is the reverse current that can flow during switching off. The indicated 
-IBM is determined and limited by the applied cut-off voltage and series re-
sistance. 

June 1965 
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BSX 19 
BSX20 
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BSX 19 
BSX20 
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BSX19 
BSX20 
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IC 
(~A) 

100 

10 

OJ 

VCE=20V 

iiiil T1 =~°C iiiiiiiii ~~ • i 
11111111111111111111111~• ~ti,l 
~~~~~~~~~~~~~~~~~~~~~~~IG1~~~~ 

7Z 9559 

 ~~ ::C: 
~~~~I~~~~~~~~~~~~~~~~~G~~/~~~~~ 
111111111111111111111r111111111 
II""'1"I'I'I'I"' 7~"/II'I' 
~C~C - Z - ~CCC Z. 

111111111111111111111'/llllllll 
""~ "'ll"'~~ I'll ~'I'I'1"I 

"'I"'I'lll'I"""II'I""I' 
-ai 

IC 

(mA) 

150 

100 

50 

00.7 

0 2 VgE(V) 0 4 

150 

IC 

(mA) 

100 

50 

7209558 

VCE .1V 
 T~  = 25° C 

 +g' 

00 
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BSX 19 
BSX2f1 

0.5 

~CEsot

(V)  

0.4 

03 

02 

01 

Typical values 
I~ 

=10 
e 

 i'p~rt,p 

Ici~~ 

—  i 

N 0 

0 

X100 

).4 

-50 0 50 100 150 200 Tj (°C) 250 

~BEsot 

(V) 
1.2 

1 

0.8 

0.6 

0.4
100 

 Typical values 
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 e 
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:_ :- :_ :• :_ 

:.  _ :-..■ I~,~oo~q 

.._ 
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BSX 19 
BSX20 
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jC 
(mA) 

20 

15 

10 

5 
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Typical volues 
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5 
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n ~~ 
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Q2 Q3 0.4 0.5 0.6 V~E(V) 0.7 

  : 0.4mA BSX20 
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iii 
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BSX 19 
BSX20 

c~ 
(pF) 

6 

4 

2 

0 
r - 25°c 
f =1MHz 
ZE = Ie —0 

—= °~ 

typ 

0 
0 

Ce
(pF) 

6 

4 

2 

2 4 6 B V~B (V) 

.` 

T = 25°C 
f =1MHz 
I~ —I~—O 

l0 

 V 

 0 
 0 

~~ 
~. 
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BSX 19 
BSX20 

80 

hF, 

so 

40 

20 

  _ ;~„s~ 

 ~~  

:~:~ —~.  

200 

hFE 

150 

100 

50 

0 

—50 50 100 150 Tj  (°C) 200 

typ'caZ volues 
SCE=1V 

 BSX24 
,FP 

 L~  

1 
 SpmA. 

'/~  ~i    ~■■■■ 

■ ■ ■■ ■ ■ ■ ■ ■ ■ ■ .. 
■ ■ ■ ■ ■ ■ ■ ■ 

.... 
io ,~  

.... 

—50 0 50 100 150 Tj (°CI 200 

N 

0 

12 June 1968 



BSX 19 
BSX20 

eo 

hFE 

60 

40 

20 

001 

, , , , ,
vcE=1V 
Tj =25°C 

0 
0 

tyP 
BSX20 

 tyP
BSX 19 

B00 

fr 
(MHz) 

600 

400 

200 

Q2 0.5 1 2 5 10 20 I~ (mA) 100 

i i ~ i i i i
VcE =10V 
T =25°C 

BSX 20 
typ 

BSX19 
ryp 

00 

June 1968 

10 20 30 40 50 

N 

w 

I~ (mA) 60 



BSX 19 
BSX20 

ton 
(n5) 

30 

20 

10 

00

See page 5 T = 25°C 
I~ = JOmA 

Vcc = 6 V 
—VgE=1.5V 

rtyP 

ton 
(ns) 

15 

10 

5 

0 
-50 

2 4 6 

0 
v 

8 IB (mA) 10 

See page 5 
1 I

I c =10mA 
Ig =3mA 
V~~ =6V 
—VBE=1.5V 

ryp 

0 

N 

v m 

50 100 150 Tj (°C1 200 
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BSX 19 
BSX20 

ton 
(ns) 
15 

10 

5 

00

Tj =25°C 
I~ _ )OOmA 

VgE — 2.25V 
v~~ =sv 

See page 5 

typo

ton 

(ns) 
15 

10 

5 

~ 50 

V 

0 
N 

l0 20 30 40 IB (mA) 50 

I~ =100mA 
IB =40mA 

VgE-2.25V 
V~~ =sV 

See page 5 

tyP 

D 

V 

0 

a 

50 100 150 Tj (°C) 200 
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BSX 19 
BSX20 

t°tf 
(/7s) 

30 

20 

10 

Typical values 
r, _2s°c 
I~ =10mA 
V~~ =6V 

See page 5 
BSX19 V 0 

0 
 .1g~^  u ~' 

m~

  ymA 

 3 ̂ '~ 

00 

Corr 
(ns) 
30 

20 

10 

X50 

2 4 6 IB (mA) 10 

I~ =10mA 
Ig =3mA 
I BM=lSmA 
V~~ =6V 

See page 5 
BSX 19 

tYP 

i
0 

0 

b 

50 100 150 T (°C) 200 
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BSX 19 
BSX20 

toff 

(ns) 
30 

20 

10 

Typical voiues 
Tj —25°C 
1~ =)OOmA 
V~~ =6V 

See page 5 
BSX19 

 OrnA 
1B~

2prnA 

30mA 

00 

toff 

(ns) 

30 

20 

)0 

~ 50 

tir 

)0 20 30 40 IB (mA) 50 

I~ =1OOmA 
IB =4OmA 
—IBM =2OmA 
V~~ =6V 

See page 5 BSX19 

tyP 

i
0 50 100 150 T) (°C) 200 
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BSX 19 
BSX20 

t°fr 
(n5) 

30 

20 

)0 

Typicoi vogues 
Tj =25°C 
Ic =10mA 
u~~ = sv 

See poge 5 
BSX20 

 ~~~,P 

 lei'  

 ~SR,P 

ZmA 

3mA 

~~

00 
2 4 s 

N 0 
N 

8 Ig (mA) 10 

t°rf 
(ns) 
30 

20 

10 

Ic =)OmA 
=3mA 

l.5mA 
=sV 

BSX20 0 
See page Ig 5 

ti
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Vcc 

tyP 

X50 0 50 100 150 Tj (°C) 200 
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BSX 19 
BSX20 

toff 
(t7S) 

30 

20 

10 

Typical votues 
= 25°C 
=100mA 
=sv 

BSX20 
V 

0 
See page Tj 5 

0 
Ic 
Vcc 
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30 

20 

70 20 30 40 I B (mA) 50 

)0 

~ 50 
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See page 5 
BSX20 
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BSX 19 
BSX 20 
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See page 4 BSX1 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ rnP~~■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ %3 %■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■~~ ~gM.~i■■■■■■ 

~!' _..~~III 
~~~~~~~~~~~~~~~~~~~~~ill~iiiiiiii~=~liiiiii:lll 11 
■■■■■■■■■■■■■■■■•_~■■■■■■■■■■~~:~■■■■■■■■■!::~■■■o
~~~~~~~~~~~"ii~~~~1~:~i1~~~~1~:ii'■iiiiiiiiii■■~i ■■■■■■■■■~~■■■■■izi■■■■■■~~:~■■■■■■■■■■■■■■■~--~~■
■■■■■■■~~■■■■~i~■■■■■/!ice■■■■■■■■■■■■a~~oi~~■■■■■■ 
~~~~~~1/~ii/11~s:=i'i■iiiv:=~::iiii~l~1~~~~~~~~~~~~ 

%~~~~~ ~~~~:iiiiiii■iiiiiiiiiiiiiiiiiiii■~iii ~~i/! 

N 

q 

B I B (mA) 10 

I~ =10mA 
IB =10mA 
—IBM=10mA 

See page 4 BSX19 

l0 

 tYP 

5 

~ 50 0 

0 

m 

50 100 150 T (°C) 200 

20 June 1968 



BSX19 
BSX20 

is

(ns) 

l5 

10 

5 

Typicoi vogues 
r, _a5°c 
I~ =10mA 

See page 4 

.L0 

P 
BSX20 
I 

4mA 

  mA 

~OmA 

00 

i s
(ns) 
15 

)0 

5 

~ 50 

2 4 6 

V 

0 

a 

8 IB (mA) 10 

I~ =10mA 
IB =10mA 
-IBM = 70mA 

See page 4 
BSX 20 0 

 ty~ 

0 50 100 150 T (°C) 200 
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BSX 19 
BSX20 

APPLICATION INFORMATION 

NAND gate circuit (Diode Transistor Logic) 

O 

O 

 ~f +12V 

33kd1 ~+6V

1.1 k11 

fan out.5 1.9k11 

BSX20

~Z094f 

Delay time per stage; fan in = 5 td typ. 15 ns 

Note 

Fan out = 5 means: The circuit may be loaded by maximum 5 circuits, each 
presenting a load identical to that of one input branch of 
the circuit itself. 
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BSX21 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N-P -N transistor in a TO-18 metal envelope, with the collector connected to 
the case. 
It is primarily intended for driving numerical indicator tubes. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) 

Collector -emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tam = 25 °C 

Junction temperature 

D.C. current gain at T~ = 25 °C 

IC=4mA;VCE=1V 

Transition frequency at f = 35 MHz 

IC=4mA;VCE=10V 

VCBO 

VCEO 

ICM 

Ptot 

T~ 

hFE 

fT

max. 120 V 

max. 80 V 

max. 250 mA 

max. 300 mW 

max. 175 °C 

> 20 
typ. 80 

> 60 MHz 

NOTE: The BSX21 may be operated in the breakdown region up to 
VCE = 160 V, provided Ptot at Tam = 85 °C does not ex-
ceed 100 mW. 

MECHANICAL DATA 

Collector connected to case 

TO-18 

0 
E 
m 

5.3 max 
~ ► . 

Accessories available: 56246, 56263 

Dimensions in mm 

12.7 min 
~zoens 

March 1969 1 



BSX21 

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

Voltage s 

s~~ 

Collector-base voltage (open emitter) 
IC = 100 µA VCBO 

Collector-emitter voltage (open base) 
IC = 4 mA VCEO 

Emitter -base boltage (open collector) 

IE = 100 µA VEBO 

Currents 

Collector current (d.c. or average over 
any 20 ms period) IC 

Collector current (peak value) ICM 

Emitter current (d. c. or average over 
any 20 ms period) -IE 

Emitter current (peak value) - lEM 

Power dissipation 

Total power dissipation up to Tam = 25 oC Ptot 

Temperatures 

Storage temperature Tstg 

Junction temperature Tj

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j-a 

Rth j-c 

max. 120 V 1) 

max . 80 V 1) 

max. 5 V 

max. 100 mA 

max. 250 mA 2 ) 

max. 100 mA 

max. 250 mA 

max. 300 mW 

-65 to +175 oC 

max. 175 oC 

= 0.5 oC/mW 

= 0.15 oC/mW 

1) The B5X21 may be operated in the breakdown region up to VCE = 160 V, pro-
vided Ptot at Tamb = 85 oC does not exceed 100 mW. 

2) The transistor can withstand a capacitive load of 500pF, combined with a collec-
tor -base voltage of max. 150 V before switching on. 
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BSX 21 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless otherwise specified 

IE =O;VCB=90V ICBO 
typ. 
< 

1 
200 

nA 
nA 

Ig =O;VCg=90 V; T = 150°C ICBO 
typ. 
< 

0.25 
50 

µA 

µA 

VBE = 0; VCE = 80 V; T~ = 85 oC ICES 
typ. 
< 

0,01 
20 

µA 
µA 

Emitter cut-off current 

lEBO 
typ. 
< 

0. 5 
200 

nA 
nA 

IC =0; VEB= 4V 

IC =O;Vgg= 4V;T~=150°C IEBO 
typ. 
< 

0.05 
50 

µA 
µA 

Saturation voltages 

VCEsat 
VBE sat 

< 
< 

0.7 
1.2 

V 
V 

IC = 4 mA; Ig = 400 µA 

D.C. current fain 

hFE typ. 60 IC = 1mA;VCE = 1V 

IC = 4 mA; VCE = 1 V hFE 
> 
typ. 

20 
80 

IC =lOmA;VCg=1V hFE typ. 82 

IC =20mA;VCE=1V hFE typ. 55 

Collector capacitance at f = 1 MHz 

Cc
typ. 
< 

3.4 
4. 5 

pF 
pF 

IE=Ie =O;VCg=10V 

Emitter capacitance at f = 1 MHz 

Ce
typ. 
< 

12 
17 

pF 
pF 

IC=Ic =O; VEg=0.5V 

Transition frequency at f = 35 MHz 

IC = 4mA;VCE =10V fT
> 
typ. 

60 
160 

MHz 
MHz 
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BSX21 

CHARACTERISTICS (continued) 

Practical circuit for static operation 

ZM 1000 
ZM1020 
ZM1030 
Z M 1040 
ZM1080 

Practical circuit for dynamic operation 

T~ = 25 oC unless otherwise specified 

~t 250V± 10°% 

56k,fL±10°% 

V = ZM1000 

ZM1080 

~ms~ae 

APPLICATION INFORMATION bulletins available on request 
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BSX 21 

15 
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5 

00
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BSX21 

150 

hFE 

100 

50 

7209908 

VCE=1V 
Tj =25°C 

t p 

00

200 

hFE 

150 

100 

50 

0 

5 10 15 IC (mA) 20 

~zo99~~ 
typical values 
VCE-1V 
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BSX59 to 61 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P -N transistors in a TO-39 metal envelope with the collector connected to the 
case. The BSX59, BSX60andBSX61 are primarily intended for very high speed core-
driving purposes. 

QUICK REFERENCE DATA 

BSX59 BSX60 BSX61 

Collector-base voltage (open emitter) VCBO max. 70 70 70 V 

Collector-emitter voltage (open base) VCEO max. 45 30 45 V 

Collector current (peak value) ICM max. 1 1 1 A 

Total power dissipation 
up to Tam  = 25 ° C Ptot max. 0. 8 0. 8 0. 8 W 

Junction temperature T~ max. 200 200 200 ° C 

D.C. current gain 
IC = 500 mA; VCE = 1 V hFE > 30 30 30 

Saturation voltage 
IC = 500 mA; IB = 50 mA 

VCEsat~ 0.5 0. 5 0. 7 V 

Transition frequency 
I C = 50 mA; VCE = 10 V fZ, typ. 450 475 475 MHz 

Turn off time 
I C = 500 mA; IB = 50 mA toff ~ 60 70 100 ns. 

MECHANICAL DATA 

Collector connected 
maz 45°

to case. ,~ 
TO - 39 

Dimensions in mm 

8.5 
max 

,o  +0.48 
max 

0 

0 

6.6 _~~  127 ~.
max min ]259322 

max. lead diameter is guaranteed only for 12. 7 mm 

Accessories available: 56218; 56245; 56265. 
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BSX59 to 61 

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

Voltages BSX59 BSX 60 BSX61 

Collector -base voltage (open emitter) VCBO max. 70 70 70 V 

Collector -emitter voltage (open base) 
IC = 10 mA VCEO max. 45 30 45 V 

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

Currents 

Collector current (d.c.) IC max. A 

Collector current (peak value) ICM max. A 

Emitter current (peak value) - IEM max. A 

Power dissipation 

Total - power dissipation up to Tamb = 25 ° C Ptot max. 0.8 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 220 °C/W 

From junction to case Rth j -c = 43 °C/W 

From junction to mounting base Rth j-mb = 35 °C/W 

2 July lan 



BSX59 to 61 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless 

BSX59 

otherwise 

BSX60 

specified 

BSX61 

I E = 0; VCg = 40 V ICBO < 500 500 500 nA 

IE=O; VCB=40 V;T~=150 ° C ICBO < 300 300 300 µA 

Emitter cut-off current 

IC=O;VgB=4V IEBO < 300 300 500 nA 

IC = 0; V gg = 4 V; T~ = 150 ° C IEBO < 50 ~0 50 µA 

Currents at reverse biased emitter junction 

—Vgg = 4 V; VCE = 40 V +IC EX 
— IBEX 

< 
< 

500 
500 

500 
500 

1000 
1000 

nA 
nA 

—VBg = 4 V; VCE = 40 V; T = 150 ° C 
1

+IC EX 
— IBEX 

< 
< 

300 
300 

300 
300 

500 
500 

µA 
µA 

Saturation voltages 

VCEsat 
VBEsat 

0.3 

1.0 

0.3 

1.0 

0.5 

1.0 

V 

V 
IC = 150 mA; IB = 15 mA 

VCEsat < 0.5 0.5 0.7 V 

IC = 500 mA; Ig = 50 mA > 0.85 0.7 0.7 V 
VBEsat < 1.2 1.3 1.3 V 

IC = 1 A; IB = 100 mA VCEsat 
VBEsat 

< 
< 

1.0 
1.8 

1.0 
1.8 

1.3 
1.8 

V 
V 

D.C. current gain 
> 30 30 30 

IC = 150 mA; VCE = 1 V hFE 
n'P• 70 90 105 

> 30 30 30 
IC = 500 mA; VCE'= 1 V hF E < 90 90 90 

IC = 1 A; VCE = 5 V hFE 
tPP• 

20 
40 

25 
50 

20 
55 

Transition frequency 

IC =50mA; VCg=10V fT
> 

ryp. 
250 

450 
250 

475 

250 
475 

MHz 
MHz 

Collector capacitance at f = 1 MHz 

Cc
ryp. 
< 

6 
10 

6 
10 

6 
10 

pF 
pF 

Ig=I e =0; VCB =10V 

Emitter capacitance at f = 1 MHz 

Ce
typ. 
< 

36 
50 

36 
50 

36 
50 

pF 
pF 

IC =Ic =O;Vgg=0.5V 
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BSX59 to 61 

CHARACTERISTICS (continued) 

Recovered charge 

IC = 500 mA; Ig = 50 mA 

Test circuit: 

~~ 

Adjust C from zero to Copt 
Qs = Copt . Vi 

Pulse generator: 

Pulse duration tp = 10 µs 

Duty cycle b = 0.02 

.l` 

v; 

0 

Vo

Tj = 25 ° C unless otherwise specified 

BSX60 Qs < 5 nC 

~IOe35 

t 

4 July 1971 



BSX59 to 61 

CHARACTERISTICS (continued) 

Switching times (see also page 10) 

Turn on time when switched from 
-VBE=2VtoIC=500mA; IB =50mA 

Turn off time when switched from 
IC = 500 mA; IB = 50 mA to cut-off with 

-IBM = 50 mA 1) 

Test circuit: 

375,(L 

56,(L 
400dL 

+50V •+30V 

100,fL ' 60dL 

BSX59 . BSX60
BSX61 

T.U.T. 

toff 

-VBB 

BAY38

pion 

0(1/  uaea~e 

-3V — 

T~ = 25 oC unless otherwise specified 

ton 

BSX59 BSX60 BSX 61 

typ. 17 
< 35 

toff 
typ. 45 
< 60 

17 

40 

58 
70 

ton 

18 ns 
50 ns 

70 ns 
100 ns 

toff 

VBB 4 

Vi 24.75 

16."1 V 

37.5 V 

Pulse generator: Pulse duration tp > 500 ns 

Rise time tr < 5 ns 

Fall time tf < 5 ns 

Output resistance R o = 50 S2 (during pulse, otherwise infinite) 

1) -IBM is the reverse current that can flow during switching off. The indicated 

-IBM is determined and limited by the applied cut-off voltage and the series 

resistance. 

July 1971 5 



BSX59 to 61 

—~ 

102

102

10 

7261321.1 

D.C.SOAR BSX59 
BSX61 
i i i 

Tmb=25°C 

10 VIE IV 

7261322.1 

oz 

BSX59 
BSX61 

t~ 

I 
t2~ 

III 

II

10 VIE (VI 102

103

102

10 

104

I~ 
(mA) 

103

102

10 

7261320.1 

D.C. SOAR BSX60 

Tmb=25°C 

10 VIE IVI 

7261319.1 

102

BSX60 

 t1 

I 2~ 
1Q 

II

10 VIE IVI 102

I Region of permissible operation during switching off with —VBB = 4 V; RBE = 39 S2 

II Permissible extension for repetitive pulsed operation. 
t1 limits operations with tp <_ 0. 1 µs; S = 0.25 
t2 limits operations with tp _< 1 µs; S = 0.25 

III Operation in this area is not allowed. 
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BSX59 to 61 

Typical behaviour of d. c. current gain versus IC 

7208304 

200 

hFE 

VCE =1V 
Tj = 25°C 

150 

100 

50 

00.1 

5~6, 

0~  
 ~SXg9

t

f 
1 200 

hFE 

150 

100 

50 

001 

1 10 100 I~ (mA) 1000 

7ZOe303 

~~~iiiiii~~~iiiiiiVCE= V ~iiiii~~~~iiiii 

~~~~:::::~C~C:::::Tl =25°C ~~~iii~~~~~iiii 

~~~~~~~~/ ~~~~~~~~~ ~~~~~~~~~ ~~~i~~~~~ 

~~~iiiiii ~~~~iiiii ~~~~iiiii ~~~iiiiii 

~~~~~~~~~~~~~~~~~~~~~~~~~..~r~~ ~~~~~ 
~~~~~oo~~~~~oo ~~~~~~:~~ ~~~~.~~~~~ 

~~~~~~~~~~~~~~~~~~ 60 ~~~~~~~~~~~~~~~ 

~~~~~on~~s~~.~ui ~~o~~~~~~n~ , 

~~~iiin~~~~~w -  a ~~~~~oo ~~~~~un 
~~~~Gi~~ ~ ~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ 

~~~~~~ii~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ 
~~~~~~~~~ ~~~~~~~o ~~~~~~~~• ~~~~~~~~■ 
~~~~~~~~~ ~~~~~~~n ~~~~~~~~~ ~~~~~~~~~ 

1 10 100 IC {mA) 1000 
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BSX59 to 61 
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iiiiiiiiiiiwiiiiiiiiiiiii~~iiiiiiiiiiiiiiiiii~ii=iiiiiiiiiii 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~n~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
00 
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Typical behaviour of saturation voltages versus IC 

7208307 

0.8 

vCEsat 
(v) 

0.6 

0.4 

0.2 

IC 
=10 

B 
Tj = 25°C 

00.1 1 10 100 IC (mA) 1000 

7zoe3oe 

2 

~BEsat
(V) 

1.5 

1 

0.5 

IC 
=10 

B 
Tj =25°C 

l 
 Q  

00.1 1 10 100 IC (mA) 1000 
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Typical behaviour of saturation voltages versus T~ 

7208390 

 I
~=10 
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BSY38 

BSY39 

VERY HIGH SPEED SWITCHING TRANSISTORS 

N -P-N silicon planar epitaxial transistors in a TO-18 metal envelope with the 
collector connected to the case. The BSY38 and BSY39 are primarily intended 
for very high speed saturated switching and general purposes. 

QUICK REFERENCE DATA 

BSY38 BSY39 
Collector-base voltage (open emitter) VCgp max. 20 20 V 

Collector -emitter voltage (VgE < 0) VCEX max. 15 15 V 

Collector current (peak value) ICM max. 200 200 mA 

Total power dissipation up to 

Tamb = 25 oC Ptot max. 300 300 mW 

D.C. current gain at TJ = 25 °C 

IC= lOmA;VCE=0.35V hpE 30 to 60 40 to 120 

IC = 100 mA; VCE = 1 V hgE 15 to 45 20 to 70 

Transition frequency 

IC = 10 mA; VCE = 2 V f-r typ. 350 350 MHz 

Storage time 

IC = Ig = —IBM = 10 mA is typ. 8 8 ns 

MECHANICAL DATA Dimensions in mm 

Collector connected to case 

TO-18 
~~~F~d 4~~ e b 

C 2.54 
N-► 

5 8"'°" ~. ► 

Accessories available: 56246, 56263. 

~5.3'"°x I 
1f 

12.7 ̀ "'" ~I 
]ZOB]15 

E 

O 

`
T

'

I 
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BSY38 

BSY39 

~~ 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (VgE < 0) 

Emitter -base voltage (open collector) 

Currents 

VCBO 

VCEX 

VEBO 

max. 20 V 

max. 15 V 

max. 5 V 

Collector current (d. c. or average 
over any 20 ms period) IC max. 100 mA 

Collector current (peak value) ICM max. 200 mA 

Power dissipation 

Total power dissipation up to Tam = 25 ° C Ptot max. 300 mW 

Temperatures 

Storage temperature Tstg —65 to +175 ° C 

Junction temperature Tj max. 175 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a 

Rth j -c = 

0.50 °C/mW 

0.15 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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BSY38 
BSY39 

CHARACTERISTICS Tj = 

Collector cut-off current 

25 oC unless otherwise specified 

IE = 0; VCg = 20 V ICBO < 100 nA 

IE=0; VCg=20 V;Tj=150°C ICBO < 10 µA 

VBE = 0; VCE = 15 V; Tj = 55 ° C 

Emitter cut-off current 

ICES ~ 0.40 µA 

IC = 0; VEg = 5 V IBBO < 500 nA 

IC = 0; VEg = 5 V; Tj = 150 ° C 

Currents at reverse biased emitter junction 

IEBO 

—IBEX 

VCEOsust 

VBE

VCEsat 

VBE sat 

< 10 

< 0.60 

> 12 

> 0.35 

< 0.25 

0.70 to 0.85 

µA 

µA 

V 

V 

V 

V 

VCE = 15 V; —VBg = 3 V; Tj = 55 °C 

Sustaining voltages 

IC = 10 mA; IB = 0 

Base-emitter voltage (see also page 9) 

IC = 30 µA; VCE = 10 V; Tj = 100 oC 

Saturation voltages 

IC= 10rnA;IB= 1mA 

IC=l00mA;IB=10mA 

Collector capacitance at f = 1 MHz 

VCEsat 

VBE sat 

Cc

Ce

< 

< 

< 

< 

0.60 

1.50 

5 

6 

V 
V 

pF 

pF 

IE=Ie =0; VCg=SV 

Emitter capacitance at f = 1 MHz' 

IC=Ic =O;VEB=1V 
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BSY38 

BSY39 

CHARACTERISTICS (continued) TJ = 25 °C unless otherwise specified 

D.C. current gain BSY38 BSY39 

IC= lOmA;VCE=0.35V hFE 30 to 60 40 to 120 

IC=l00mA;VCE= 1V hFE 15 to 45 20 to 70 

Transition frequency 

IC lOmA;VCE=2V fT > 200 
typ. 350 

MHz 
MHz 

Switching times 

Storage time (see also page 12) 

IC = Ig = -IBM = 10 mA is
typ. 8 
< 16 

ns 
ns 

Test circuit: 

t10V 

Note 

voltage at 
point P 

voltage at 
point A 

1 

+10V time 

2055n 

-IgM is the reverse current that can flow during switching off. The indicated 
-IgM is determined and limited by the applied cut-off voltage and series re-
sistance. 
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BSY38 
BSY39 

CHARACTERISTICS (continued) 

Switching times 

Turn on time (see also page 13) 
when switched from -Vgg = 2. 25 V to 
IC = 100 mA; IB = 40 mA with -IgM = 20 mA 
-VBg = 4. S V; VCC = 6 V; Vi = 20 V ton 
Turn off time (see also page 13) 
when switched from IC = 100 mA; Ig = 40 mA 
to cut-off with -IgM = 20 mA 
VBg=15.3 V; VCC=6V; -Vi=20V 

Test circuit: 

Vi Vi 

`kc 

~9s 

Pulse generator: 

Rise time tr < 

Pulse duration t > 60 ns 

Duty cycle b < 0.02 

Note 

1 ns 

10°b 
time 

90°b 

time 

VC E 

T~ = 25 °C unless otherwise specified 

typ. 9 ns 

< 14 ns 

typ. 25 ns 
toff < 45 ns 

-IBM is the reverse current that can flow during switching off. The indicated 

-IgM is determined and limited by the applied cut-off voltage and series re-
sistance. 
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BSY39 
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BSY39 

q 

N 

_~ _~ 

} 
"N 

m 

4 

E 

r   

E  \ 

E 
a 

\` 
~` 

c 
E 

O 

O `~' Q ~^
I 
`. 

ti  Q O 
O 

10
 I

B 
(m

A
) 

10
0 

0 

O 
.~O 

N 

N 

b 
0 
M 
b 
O 
N 

^i C.i 
"~ N 

O ..~ ~ O 
Q 

O 

ro

15
0 

Tj
 (
°C
) 
2
0
0
 

O 
O 

O 

June 1968 



BSY38 
BSY39 

7
2
0
6
3
9
4
-2

.I
9
.2

5
.c

h
. 

co ~ ~ ~7 
U p,

... 

N 

15
 

V~
B 

(V
) 

2
0

 

O 

O 

0 0
U ~ ~ Q 

a 

xQw 
~~

o ~ 

O ~ 

II II 
~~]U 

~ ~. 
O 
N O 

0 
„~ ~

O 
N 

0 h N h 
0 

N 
0 

m 

0.
4 

VB
E 

(V
) 

0.
6 

N 
O 

O 

N 
~o 
OI 

June 1968 9 



BSY38 

BSY39 

100 7209601 
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BCY38 

BSY39 
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BSY38 
BSY39 

APPLICATION INFORMATION 

NOR gate circuit (Resistor Transistor Logic) 

+fzv 

Delay time per stage 

fan in = 3 td typ. 60 ns 

Note 

~~ 
~. 

Fan out = 3 means: The circuit may be loaded by maximum 3 circuits, each 
presenting a load identical to that of one input branch of the 
circuit itself. 

The fan in and fan out figures have been calculated for worst case conditions. 

NAND gate circuit (Diode Transistor Logic) 

.{/~~~~ 

6BpF 

\% J
f 

—12V 

Delay time per stage 

fan in = 10 (fast silicon epitaxial diodes) 

Note 

+izv 

6.Bwdl 

BSv 38: fon out =5 

BSY39: fan out .7 

td typ. 30 ns 

Fan out = 5 means; The circuit may be loaded by maximum 5circuits, each pre-

senting aload identical to that of one input branch of the 

circuit itself. 

The fan in and fan out figures have been calculated for worst case conditions. 

14 June 1968 



OC122 
OC123 

GERMANIUM TRANSISTORS 

P-N-P alloy transistors in TO-7 metal envelopes with the shield leads connected to 
the cases. They are intended for industrial switching applications. 

RATINGS (Limiting values) 1) 

Voltages OC122 OC123 

Collector -base voltage (open emitter) 

Collector -emitter voltage (+VgE > 0.5 V) 

Emitter -base voltage (open collector) 

Currents 

Col'ector current (d.c. or average over 
any 20 ms period) -IC max. 0.5 A 

Collector current (peak value) -ICM max. 2.0 A 

Power dissipation 

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

Temperatures 

Storage temperature Tstg -55 to +75 °C 

Junction temperature Tj max. 90 oC 

max. 32 50 V 

max. 32 50 V 

max. 12 15 V 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

-VCBO 

-VCEX 

-VEBO 

Rth j-a 

Rth j -c 

= 0.22 °C/mW 

= U.06 oC/mW 

MECHANICAL DATA Dimensions in mm 

TO-7 

0 
E 
(O 
07 

0 
E 
m 

O 

. ~5max 3almin

~)=shield lead (connected to case) 

1) Limiting values according to the Absolute Maximum System 

publication 134. 

~zoeses ~ 

as defined in IEC 

May 1968 1 



oc~22 
OC123 

CHARACTERISTICS 

Collector cut-off current 
OC122 OC123 

IE = 0; -VCB = 24 V -ICBO 
tYP• 
< 

40 
150 

µA 
µA 

IE=O;-VCg=10V - ICBO 
typ . 
< 

20 
100 

µA 
µA 

Base -emitter voltage 

-VBE 
typ. 
< 

0.27 
0.35 

0.27 
0.35 

V 
V 

-IC = 100 mA; -VCE = 2 V 

D.C. current gain 

-IC = 100 mA; -VCE = 6 V hFE 
> 

typ. 

50 

180 

50 

160 

Collector capacitance 

Cc typ. 170 170 pF IE = Ie = 0; -VCE = 6 V 

Transition frequency 

fT typ. 1.3 I.5 MHz -IC = 100 mA; -VCE = 2 V 

2 May 1968 



OC139 

SYMMETRICAL SWITCHING TRANSISTOR 

N-P-N germanium transistor with symmetrical structure in all glass construction. 

It is intended for high current, high speed computer switching applications. 

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

i 

Collector-base voltage (open emitter) VCg~ 

Collector-emitter voltage with -VBE > 2 V VCEX 

Emitter-base voltage (open collector) VEBO 

Collector current (d. c. or average over 
any 20 ms period) IC

Emitter current (d.c. or average over 
any 20 ms period) -IE

Base current (d.c. or average over 
any 20 ms period) IB 

Base current (peak value) IgM 

Total power dissipation up to Tam = 25 oC Ptot 

Storage temperature' Tstg 

Junction temperature Tj 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j -a 

Rth j -c 

max. 

max. 

max. 

20 V 

20 V 

20 V 

max. 250 mA 

max. 250 mA 

max. 40 mA 

max. 250 mA 

max. 145 mW 

-55 to +75 °C 

max. 75 °C 

= 0.35 oC/mW 

= 0.20 °C/mW 

MECHANICAL DATA Dimensions in mm 

t5.0 n'°x 

~.5"1O1(not tinned) 

~~ 
37mfn ~ 

noeeoe d 

The coloured dot indicates the collector 

The collector is not necessarily related to pin configuration. 

FOR REPLACEMENT THE SUCCESSOR TYPE ASY73 
IS RECOMMENDED 
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OC139 

CHARACTERISTICS 

Collector cut-off current 

Tam = 25 °C unless otherwise specified 

typ. 0.3 µA 
ICBO < 3 µA 

typ. 6 µA 
ICBO < 35 µA 

IE=O;VCB=SV 

IE=O; VCg=SV;T~=60 ° C 

I E =O;VCB=20 V;T~=60 ° C ICBO < 100 µA 

Emitter cut-off current 

IEBO 

IEBO 

ryp. 
< 

typ. 
< 

0.3 µA 
3 µA 

6 µA 
35 µA 

IC=O;VEg= 5V 

IC =O;VEg= SV;T~=60 ° C 

IC=O;Vgg=20 V;T~=60 ° C IEBO < 100 µA 

Sustaining voltage 

VCEXsust > 15 V IC 250 mA; —VgE = 2 V 

Base-emitter voltage 

VBE < 750 mV IC = 200 mA; VCB = 0 

Saturation voltages 

VCEsat 

VCEsat 

< 

typ. 
< 

typ. 

175 mV 

60 mV 
220 mV 

300 mV 

IC =8.5mA;IB =0.38mA 

IC =50mA; Ig=3.imA 

VBE sat < 500 mV 

Punch-through voltage Vpt > 20 V 

D.C. current gain 

IC = 15 mA; VCg = 0 hgE 20 to 84 

IC = 200 mA; VCg = 0 hgE > 15 

Transition frequency 

fT 
typ. 
> 

6 MHz 
3.5 MHz IC=3mA;VCE=SV 

Switching parameters 

Current -drive time constant 
ICM = 200 mA; VCE = 0.75 V Tc < 1.75 µs 

Voltage-drive time constant 
ICM = 1 mA; VCE = 5 V Tv < 0.15 µs 

2 May 1968 



OC140 

SYMMETRICAL SWITCHING TRANSISTOR 

N-P-N germanium transistor with symmetrical structure in alt glass construction. 
It is intended for high current, high speed computer switching applications. 

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

Collector-base voltage (open emitter) VCBO max. 20 V 

Collector -emitter voltage with -VBE > 2 V VCEX max. 20 V 

Emitter-base voltage (open collector) VEBO max. 20 V 

Collector current (d.c. or average over 
any 20 ms period) IC max. 400 mA 

Emitter current (d.c. or average over 
any 20 ms period) -IE max. 400 mA 

Base current (d.c. or average over 
any 20 ms period) IB max. 40 mA 

Base current (peak value) IBM max. 400 mA 

Total power dissipation up to Tamb - 25 oC Ptot max. 145 mW 

Storage temperature Tstg -55 to +75 oC 

Junction temperature Tj max. 75 oC 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Rth j-a 

Rth j-c 

0.35 °C/mW 

0.20 °C/mW 

MECHANICAL DATA Dimensions in mm 

~.5"1°"(not tinned) 

15.0"'°' 37 min -~ ~ 

na~ttt ~ 

The coloured dot indicates the collector 

The collector is not necessarily related to pin configuration. 

FOR REPLACEMENT THE SUCCESSOR TYPE ASY74 
IS RECOMMENDED 
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OC140 

CHARACTERISTICS 

Collector cut-off current 

Tamb = 25 °C unless otherwise specified 

IE = 0; VCg = 5 V ICBO 
typ. 
< 

0.3 
3 

µA 
µA 

IE = 0; VCB = 5 V; T~ = 60 °C 
J ICBO 

typ. 
< 

6 
35 

µA 
µA 

Ig = 0; VCg = 20 V; T~ = 60 ° C ICBO < 100 µA 

Emitter cut-off current 
typ. 0.3 µA 

IC = 0; Vgg = 5 V IEBO < 3 µA 

IC = 0; VEg = 5 V; T = 60 °C 
J IEBO 

typ. 
< 

6 
35 

µA 
µA 

IC = 0; VEg = 20 V; T~ = 60 °C ISBO < 100 µA 

Sustaining voltage 

VCEXsust > 15 V IC = 400 mA; —VBE = 2 V 

Base-emitter voltage 

VBE < 600 mV IC = 200 mA; VCB = 0 

Saturation voltages 
VCEsat < 175 mV 

IC = 7.5 mA; IB = 0.165 mA 
VBEsat < 250 mV 

VCEsat < 220 mV 
IC = 50 mA; IB = 1.25 mA 

VBEsat < 380 mV 

IC = 400 mA; Ig = 20 mA VCEsat < 370 mV 

VBEsat < 900 mV 

Punch-through voltage Vpt > 20 V 

D. C . current gain 

IC = 15 mA; VCB = 0 hpg 50 to 150 

IC = 200 mA; VCg = 0 hgg 36 to 67 

IE = 200 mA; VEg = 0 hpC > 21 

Transition frequency 

IC=3mA;VCE=SV fT 
typ. 
> 

12 
4.5 

MHz 
MHz 

Switching parameters 

Current -drive time constant 
ICM = 200 mA; VCE = 0.75 V T e < 1.75 µs 

Voltage -drive time constant 
ICM=1mA;VCg=5V T~ < 0.15 µs 

2 May 1968 



OC141 

SYMMETRICAL SWITCHING TRANSISTOR 

N -P -N germanium transistor with symmetrical structure in all glass construction. 
It is intended for high current, high speed computer switching applications. 

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

Collector -base voltage (open emitter) VCBO max. 20 V 

Collector-emitter voltage with -VgE > 2 V VCEX max. 20 V 

Emitter-base voltage (open collector) VEBO max. 20 V 

Collector current (d. c. or average over 
any 20 ms period) IC max. 400 mA 

Emitter current (d.c. or average over 
any 20 ms period) -IE max. 400 mA 

Base current (d. c. or average over 
any 20 ms period) IB max. 40 mA 

Base current (peak value) IgM max. 400 mA 

Total power dissipation up to Tamb = 25 °C Ptot max. 145 mW 

Storage temperature Tstg -55 to +75 °C 

Junction temperature Tj max. 75 °C 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

R~ j _a = 0.35 oC/mW 

R~ j_c = 0.20 oC/mW 

MECHANICAL DATA Dimensions in mm 

E 
N 
tri ~ 

1.5"'ax(not tinned) 

15.0 max 

o~ 

$7 min ~ 
~ ]ZO6fi]6 ~ 

The coloured dot indicates the collector 

'The collector is not necessarily related to pin configuration. 

FOR REPLACEMENT THE SUCCESSOR TYPE ASY75 
IS RECOMMENDED 
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OC 141 

CHARACTERISTICS 

Collector cut-off current 

Tamb = 25 °C unless otherwise specified 

typ. 0.3 µA 
IE = 0; VCB = 5 V ICBO < 3 µA 

IE = 0; VCg = 5 V; T~ = 60 oC ICBO < p 35 µA 

IE = 0; VCg = 20 V; T~ = 60 oC ICBO < 100 µA 

Emitter cut-off currant 
typ. 0.3 µA 

IC = 0; VEB = 5 V 

°C 

IEBO < 

typ. 

3 µA 

6 µA 
IC = 0; VEg = 5 V; T~ = 60 IEBO < 35 µA 

IC = 0; VEB = 20 V; T~ = 60 oC IEBO tYP• 100 µA 

~~ 
Sustaining voltage 

IC = 400 mA; —VgE = 2 V VCEXsust > 15 V 

Base -emitter voltage 

IC = 200 mA; VCB = 0 VBg < 450 mV 

Saturation voltages 

IC = 7.5 mA; Ig = 0.094 mA VCEsat 
VBEsat 

< 
< 

175 mV 
250 mV 

VCEsat < 220 mV 
IC = 50 mA; IB = 0.75 mA 

VBEsat < 340 mV 

IC = 400 mA; IB = 13.3 mA VCEsat < 370 mV 

IC = 400 mA; IB = 20 mA VBEsat < 700 mV 

Punch-through voltage Vpt > 20 V 

D.C. current gain 

IC = 15 mA; VCB = 0 hgE 80 to 200 

IC = 200 mA; VCg = 0 hpg 50 to 134 

IE = 200 mA; VEB = 0 hpC > 21 

Transition frequency 

IC = 3 mA; VCE = 5 V 

Switching parameters 

f,I, typ. 
< 

20 MHz 
9 MHz 

Current -drive time constant 

ICM = 200 mA; VCE = 0.75 V T c < 1.75 µs 

Voltage-drive time constant 
ICM = 1 mA; VCE = 5 V T v < 0.15 µs 

2 May 1968 



2N706A 
2N753 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N -P-N transistors in a TO-18 metal envelope with the collector connected to 

the case. The 2N706A and 2N753 are primarily intended for low -power high-
speed saturated switching application in industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 25 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

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

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

Junction temperature T~ max. 175 °C 

D. C . current gain at T~ = 25 °C 

2N706A hpE 20 to 60 
IC = 10 mA; VCE = 1 V 

2N753 hFg 40 to 120 

Transition frequency 

IC = 10 mA; VCE = 10 V fT > 200 MHz 

Storage time 
2N706A is < 25 ns 

IC = Ig = —IgM = 10 mA 
2N753 is < 35 ns 

MECHANICAL DATA 

Collector connected to case 

TO-18 

Dimensions in mm 

E 
m 

O +

 .~ 

5.3 ma: 
~ e. ~ 

Accessories available: 56246, 56263 

12 7 min 
rzoeis 
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2 N 706 A 
2N753 

L 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) 

Collector -emitter voltage (open base) 

Collector -emitter voltage at RgE s IOSl 

Emitter -base voltage (open collector) 

Current 

Collector current (d.c, or average over 
any 20 ms period) 

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 

VCgp max. 25 V 

VCEO max. 15 V 

VCER max. 20 V 

VgBO max. 5 V 

IC max. 50 mA 

Ptot max. 300 mW 

Tstg -65 to +175 oC 

Tj max. 175 °C 

Rth j -a = 0.5 ° C/mW 

Rth j -c = 0.15 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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2N706A 
2N753 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless otherwise specified 

IE = 0; VCB = 15 V ICBO < 0.5 µA 

Ig = 0; VCg = 25 V ICBO < 10 µA 

IE = 0; VCB = 15 V; TJ = 150 °C ICBO < 30 µA 

VCE = 20 V; RgE = 100 kSt ICER < 10 µA 

Emitter cut-off current 

IEBO < 10 µA IC = 0; VgB = 5 V 

Sustaining voltages 1) 

IC = 10 mA; IB = 0 VCEOsust > 15 V 

IC=lOmA;RBE=10 S1 VCERsust > 20 V 

Saturation voltages 

VCEsat < 0.6 
IC = 10 mA; Ig = 1 mA 

V 

VBEsat 0.7 to 0.9 V 

D.C. current gain 

IC=10mA; VCg=1 V 
2N706A hFE 

hFE 

20 to 60 
40 to 120 2N753 

Collector capacitance at f = 1 MHz 

Cc < 5 pF IE = Ie = 0; VCg = 5 V 

Transition frequency 

fT > 200 MHz IC =10mA; VCE=10V 

1) Measured under pulsed conditions to avoid excessive dissipation 

Pulse duration t = 300 µs; duty cycle S s 0.02 

June 1968 



2N 706A 
2 N 753 

CHARACTERISTICS (continued) 

Storage time 

IC = IB = -IBM = 10 mA 

Test circuit: 1) 

A 

v;

+11v +1ov 

Turn on time 

IC = 10 mA; IB = 3 mA; -VBg = 2 V 

T~ = 25 ° C unless otherwise specified 

2N706A is < 25 ns 
2N753 is < 

Turn off time 

IC = 10 mA; IB = 3 mA; -IgM = 1 mA 

Test circuit: 1) 

Sk,fL 220.1E 0.1µF 

V~ / V~ 

t o„ VBB = —4V +3V 

off BBB'+17V 

1) Pulse generator: 

+21V 

Pulse duration t > 400 ns 

Duty cycle S < 0.02 
Rise time tr < 1 ns 
Source impedance RS = 50 S2 

0 

Vi 

—10V 

+ 6V 

0--
Point A 

4V 

Vo

1205314 

ton 

i 

35 ns 

-~ -to°% 

< 40 ns 

toff < 

Vo

-1010 2oV 

- ~ -so~io 

tO"

Oscilloscope: 

Rise time 

Probe impedance 

Vo

_poi 

75 ns 

t r < 1 ns 
= 2 kS2 
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2N708 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P-N transistor in a TO-18 metal envelope with the collector connected to 
the case. The 2N708 is primarily intended for use in very high-speed satu-
rated switching and v.h.f. amplification. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max . 40 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

Collector current (peak value) ICM max. 500 mA 

Total power dissipation up to Tamb = 25 °C Ptot max. 360 mW 

Junction temperature T~ max. 200 oC 

D.C. current gain at T~ = 25 ° C 

IC=lOmA;VCE=1V hpg 30 to 120 

Transition frequency 

IC=10mA; VCE=10V fT > 300 MHz 

Storage time 

IC = IB = — IBiVI = 10 mA is < 25 ns 

MECHANICAL DATA 

Collector connected to case 

TO-18 
1,~6F~J

~ 

e b 

Accessories available: 56246, 56263 

June 1968 

E 
m 
~~ 

Dimensions in mm 

E 
m 

O 

 i~ 

i '3~ x►~ 
12 ~ min ~ 

noms 



2N708 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) VCEO max. 15 V 

Collector -emitter voltage with RBE < 10 S2 VCER max. 20 V 

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

Current 

Collector current (peak value; t = 10 µs) ICM max. 500 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 oC Ptot max. 360 mW 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.48 °C/mW 

From junction to case Rth j -c = 0.145 oC/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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2N708 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 20 V ICBO < 25 nA 

IE = 0; VCB = 20 V; Tj = 150 °C ICBO < 15 µA 

VCg = 20 V; VBg = 0.25 V; Tj =125 °C ICEX < 10 µA 

Emitter cut-off current 

IC=O;Vgg=4V 

Sustaining voltages 1) 

IC=30mA;Ig=O 

IC=30mA;Rg<lOSZ 

Saturation voltages 

IC=lOmA;IB= 1 mA 

IEBO 

VCEOsust 

VCERsust 

VCEsat 

VBEsat 

< 0.1 µA 

> 15 V 

> 20 V 

< 0.4 V 

0.72 to 0.80 V 
IC= 7mA;IB =0.7mA; 
Tj = -55 to +125 °C VCEsat < 0.4 V 

IC = 7 mA; IB = 0.7 mA; 'r j = -55 oC VBEsat < 0.9 V 

D.C. current gain 

IC = 0.5 mA; VCE = 1 V hgg > 15 

IC = 10 mA; VCE = 1 V hgg 30 to 120 

IC = 10 mA; VCE = 1 V; Tj = -55 oC hpg > 15 

Collector capacitance at f = 1 MHz 

Ig = Ie = 0; VCg = 10 V Cc < 6 pF 

Transition frequency 

IC=10mA; VCE=10V 

Real part of 
small signal input impedance 

IC = 10 mA; VCg = 10 V; f = 300 MHz 

fT > 300 MHz 

R e (hie) < 50 S2 

1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t = 300µs; duty cycle S < 0.01 
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2N708 

CHARACTERISTICS (continued) 

Storage time 

IC = Ig = —IgM = 10 mA 

T~ = 25 oC unless otherwise specified 

Test circuit: 

A 

0.1µF 500.(L 890.(1 

~. 
91.11 

Vi 
68,L1 500,(1 Va

2.5 nF 
12.5nF 

~l//~, 
T 10µF 10µF 9209513 

C 

+11V t lOV 

Pulse generator: 

Pulse duration t _> 400 ns 
Duty cycle b < 0.02 
Rise time t r < 1 ns 

Source impedance RS = 50 S2 

is < 25 ns 

V, 

-10V 

+ 6V 

Point A 

— 4V 

Vo 

-~- -10°% 
9zos3zc 

Oscilloscope: 

~~ 

Rise time t r  < 1 ns 
High impedance probe 
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2N743 
2N744 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a TO-18 metal envelope with the collector connected to 
the case. The 2N743 and 2N744 are primarily intended for low-power very 
high-speed saturated switching applications in industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 20 V 

Collector-emitter voltage (open base) VCEO max. 12 V 

Collector current (d.c.) IC max. 200 mA 

Total power dissipation up to Tam = 25 °C Ptot max. 300 mW 

Junction temperature TJ max. 175 °C 

D . C . current gain at TJ = 25 °C 
2N743 

= 0.35 hFE 
hFE 

20 to 60 
40 to 120 

IC = 10 mA; VCE V 
2N744 

Transition frequency 

IC = 10 mA; VCE = 10 V fT > 300 MHz 

Storage time 
2N743 

IC = IB = = 10 
is < 14 ns 

-IgM mA 
2N744 is < 18 ns 

MECHANICAL DATA 

Collector connected to case 

TO-18 

E 
m 
~♦ 

Dimensions in mm 

0 
E 

O 

rJ.3 ma 

Accessories available: 56246, 56263 

12 7 min 
noevis 

June 1968 1 



2N743 
2N744 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) V CBO max. 20 V 

Collector-emitter voltage (open base) VCEO max. 12 V 

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

Current 

Collector current (d. c . or average over 
any 20 ms period) IC max. 200 mA 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 300 mW 

Temperatures 

Storage temperature Tstg -65 to +175 oC 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 0.5 ° C/mW 

From junction to case Rth j -c = 0.15 °CJmW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publicaxion 134. 
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2N 743 
2N744 

i 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 20 V ICBO < 1 µA 

VBE = 0; VCE = 20 V ICES < 1 µA 

VBE = 0; VCE = 20 V; Tj = 170 °C ICES < 100 µA 

Vgg = 0.35 V; VCE = 10 V; Tj = 100 ° C ICEX < 30 µA 

Emitter cut-off current 

IC=O;VEB=5V IEBO < 10 µA 

Sustaining voltage 

IC =lOmA;IB=O 

Saturation voltages 

IC = 10 mA; IB = 1 mA; Tj = 170 ° C 

IC = 100 mA; Ig = 10 mA; Tj = 170 °C 

IC = 10 mA; IB = 1 mA 

IC = 10 mA; Ig = 1 mA; Tj = -55 oC 

IC = 100 mA; IB = 10 mA 

IC = 100 mA; IB = 10 mA; Tj = -55 ° C 

Collector capacitance at f = 1 MHz 

IE=Ie =0; VCB=SV 

Transition frequency 

IC=10mA; VCE=10V 

D . C . current gain 

IC= 1mA;VCE=0.25V 

IC = 10 mA; VCE = 0.35 V 

IC = 10 mA; VCE = 0.35 V; Tj = -55 oC 

IC=l00mA; VCE= 1V 

VCEOsust > 

VCEsat 

VCEsat 

VBEsat 

VBEsat 

VBEsat 

VBEsat 

Cc 

fT 

hFE 

hFE 

hFE 

hFE 

12 V 1) 

< 0.35 V 

< 1 V 1) 

0.65 to 0.85 V 

< 1.1 V 

< 1.5" V 1) 

< 1.6 V 1) 

2N743 

5 pF 

300 MHz 

2N744 

> 10 20 

20 to 60 40 to 120 

> 10 20 

> 10 20 1) 

1) Measured under pulsed conditions to avoid excessive dissipation 
Pulse duration t = 300 µs; duty cycle S < 0.02 
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2 N 743 
2N744 

CHARACTERISTICS (continued) 

Storage time 

IC=IB= —IBM =10mA 

Test circuit: 

Yi 

+ttv 

Pulse generator: 

Pulse duration t > 300 ns 
Duty cycle b < 0.02 
Rise time tr < 1 ns 
Source impedance RS = 50 S2 

T~ = 25 °C unless otherwise specified 

2N743 is < 14 ns 
2N744 is < 18 ns 

Q1µF 1kJ1 

V; 

0---
Point A 

4V 

Vo

R°57it 

—10° /0 

—~ —10°b 

~~ 

Oscilloscope: 

Rise time tr _< 1 ns 
Input impedance R i 50 S2 
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2N743 
2N744 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

Turn on time 

IC = 10 mA; Ig = 3 mA; —VBE = 1.5 V ton

IC = 100 mA; IB = 40 mA; —VBE = 2.4 V ton

Turn off time 

IC = 10 mA; IB = 3 mA; —IBM = 1.5 mA 

IC = 100 mA; IB = 40 mA; —IBM = 20 mA 

Test circuit: 

1 R4 ~.lµF R5 

2N743 
2N744 

Vp 

< 16 ns 

< 12 ns 

< 24 ns 

< 40 ns 
< 45 ns 

turn on turn off 

IC IB VCC R 1 R 2 R3 R4 R5 VBB V BE Vi VBB '1BM VI 
(mA) (mA) (V) (kS2) (kS2) (S2) (S2) (kS2) (V) (V) (V) (V} (mA) (V) 

10 3 3 3.3 3.3 50 220 0 3 1.5 15 12 1.5 15 

100 40 6 0.33 0.33 56 0 1 4.5 2.4 20 15.3 20 20 

Pulse generator: Oscilloscope: 

Pulse duration t > 400 ns Rise time tr < i ns 
Duty cycle S < 0.02 Input impedance R I = 50 S2 
Rise time tr _< 1 ns 
Source Impedance RS 50 S2 
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SILICON PLANAR EPITAXIAL TRANSISTOR 

For data of this transistor please refer to the 2N706A. 
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2N914 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P-N transistor in a TO-18 metal envelope with the collector connected to 
the case. The 2N914 is primarily intended for use in very high-speed satu-
rated switching and v.h.f. amplification. 

QUICK REFERENCE DATA 

(open 

mA 

emitter) V CBO max. 40 V 

(open base) VCEO max. 15 V 

value) ICM max. 500 mA 

up to Tamb = 25 oC Ptot max. 360 mW 

T~ max. 200 °C 

= 25 oC 

hFE 30 to 120 

V f7. > 300 MHz 

is < 20 ns 

Collector-base voltage 

Collector-emitter voltage 

Collector current (peak 

Total power dissipation 

Junction temperature 

D . C . current gain at T~ 

IC =10mA; VCE=1V 

Transition frequency 

IC = 20 mA; VCE = 10 

Storage time 

IC = IB = -IBM = 20 

MECHANICAL DATA 

Collector connected to case 

TO-18 

Dimensions in mm 

E 

'3~~►~ 

Accessories available: 56246, 56263 

12.7 min 

~zanis 
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2N914 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector-emitter voltage with Rgg < 10 S2 

Emitter-base voltage (open collector) 

Current 

V CBO 

VCEO 

VCER 

VEBO 

max. 40 V 

max. 15 V 

max. 20 V 

max. 5 V 

Collector current (peak value; t = 10 µs) ICM max. 500 mA 

Power dissipation 

Total power dissipation up to Tam = 25 oC 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

Ptot 

Tstg 

Tj

max. 360 mW 

-65 to +200 ~ °C 

max. 200 °C 

Rth j-a = 

Rth j -c = 

0.48 oC/mW 

0.145 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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2N914 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off current 

IE = 0; VCB = 20 V ICBO < 25 nA 

IE = 0; VCg = 20 V; Tj = 150 °C ICBO < 15 µA 

VCE = 20 V; Vgg = 0.25 V; Tj = 125 °C ICEX < 10 µA 

Emitter cut-off current 

IC = 0; Vgg = 4 V IEBO < 0.1 µA 

Sustaining voltages 1) 

IC = 30 mA; IB = 0 VCEOsust > 15 V 

IC = 30 mA; RB <_ 10 S2 VCERsust > 20 V 

Saturation voltages 

IC = 200 mA; IB = 20 mA VCEsat < 0.7 V 

IC=lOIB;IB =O.1to2mA 
Tj = -55 to +125 °C VCEsat ~ 0.25 V 

IC = 10 mA; IB = 1 mA VBEsat 0.7 to 0.8 V 

D.C. current gain  1) 

IC = 500 mA; VCg = 5 V hgE > 10 

IC = 10 mA; VCE = 1 V hgE 30 to 120 

IC = 10 mA; VCE = 1 V; Tj = -55 °C hgE > 12 

Collector capacitance at f = 1 MHz 

IE=Ie =0; VCB=10V Cc < 6 pF 

Emitter capacitance at f = 1 MHz 

IC =Ic =O;VEg=0.5V Ce < 9 pF 

Transition frequency 

IC = 20 mA; VCE = 10 V f'r > 300 MHz 

1) Measured under pulsed conditions to avoid excessive dissipation 
Pulse duration t = 300 µs; duty cycle S < 0.01 
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2N914 

CHARACTERISTICS (continued) 

Storage time 

IC=Ig=-IBM=20mA 

Test circuit: 1) 

v 

T) = 25 °C unless otherwise specified 

Turn on time 

IC=200mA; Ig=35mA; -VBg=4V 

Turn off time 

IC = 200 mA; IB = 35 mA; -IBM = 25 mA 

Test circuit: 1) 

0.1µF 200lL 
s (~— 

n 2oo~n, 

T 
-4V 

1)Pulse generator: 

T 
+5V 

+12V 

V; 

o-

va

0 

Vi 

9V 

Vo

is < 20 ns 

- -10°b 

ton 

toff 

Y4 ►II ~zovn 

< 40 ns 

< 40 ns 

-10°b 

Oscilloscope: 

- ~ -90°b 

Pulse duration t = 100 ns Rise time t r < 1 ns 
Duty cycle b < 0.02 Input impedance R l = 50 S2 
Source impedance RS = 50 S2 
Rise and fall time sufficiently fast so that doubling their values does not 

affect the measured results within the required accuracy. 
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2N1131 
2N 1132 

P-N-P MEDIUM POWER 
GENERAL PURPOSE TRANSISTORS 

P -N-P silicon planar epitaxial transistors in a TO-39metal envelope with the 
collector connected to the case. These transistors are primarily intended for 
high speed saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max. 50 V 

Collector -emitter voltage (open base) 
(RBE <lOS2) - VCER max. 50 V 

Collector current (d. c. ) -IC max. 0.6 A 

Total power dissipation up to Tam = 25 °C Ptot max. 0.6 W 

Junction temperature T~ max. 175 °C 

Transition frequency 

-IC = 50 mA; -VCE = 20 V fT > 200 MHz 

D.C. current gain at TJ = 25 °C 2N1131 2N1132 

-IC = 5 mA; -VCE = 10 V hpE > 15 > 25 

-IC = 150 mA; -VCE = 10 V hpE 20 to 45 30 to 90 

MECHANICAL DATA Dimensions in mm 

Collector connected to case 
TO-39 

ma6 ~c 45°~ 

~ \~fir - 

1.0 / 
max 

f 5.1 

9.4 
max 

8.5 
max 

L 

, o  +0.48 
max 

,o 

0 

~6.6~~—t27_~ 
max min 7Z 59322 

max.lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265. 
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2N 1131 
2N 1132 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) -VCBO max. 50 V 

Collector-emitter voltage (open base) -VCEO max. 35 V 

Collector-emitter voltage 
(RBE <_ lOS2) -VCER max. 50 V 

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

Current 

Collector current (d. c. ) -IC max. 0.6 A 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 0.6 W 

up to Tcase = 25 ° C Ptot max. 2 W 

up to Tcase = 100 °C Ptot max. 1 W 

Temperature s 

Storage temperature Tstg -65 to +200 ° C 

Junction temperature Tj max. 175 °C 

THERMAL RESISTANCE 

From junction to ambient in free air R~j_a = 250 °C/ W 

From junction to case R~j_c = 75 °C/ W 

1) Limiting values according to the Absolute Maximum System as defined in 

IEC publication 134. 

a 
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2N1131 
2N1132 

CHARACTERISTICS 

Collector cut-off current 

T~ = 25 °C unless otherwise specified 

~ -ICgp < 1 µA 

-ICBO < 100 µA 

IE = 0; -VCg = 30 V 

IE = 0; -V CB = 50 V; T~ = 25 oC 

IE = 0; -VCg ~ 30 V; Tam = 150 °C -ICgp < 100 µA 

Emitter cut-off current 

IC = 0; -VEg = 2 V - IEBO < 100 µA 

Collector-emitter sustaining voltage 1) 

-IC = 100 mA; Rg _< 10 S2 - VCER(sust) > 50 V 

-IC = 100 mA; Ig = 0 - VCEO(sust) > 35 V 

Saturation voltages 

- VCEsat < 1.5 V -IC = 150 mA; -Ig = 15 mA 

- VBE sat < 1.3 V 

D.C. current gain 2N1131 2N1132 

-IC = 5 mA; -VCE = 10 V hFE > 15 > 25 

-IC=150mA; -VCE=10V hFE 20 to 45 30 to 90 

Collector capacitance 

f = 100 kHz to 1 MHz 
IE = Ie = 0; -VCg = 10 V Cc < 45 pF 

Emitter capacitance 

f = 100 kHz to 1 MHz 
IC = Ic = 0; -VEg = 0.5 V Ce < 80 pF 

1) Measured under pulsed conditions to avoid excessive dissipation. 
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2N1131 
2N1132 

CHARACTERISTICS (continued) T~ = 25 °C unless otherwise specified 

Transition frequency 

f.r

base) 

2N1131 2N1132 

-IC = 50 mA; -VCg = 10 V 

h parameters at f = 1 kHz (common 

> 50 60 MHz 

-IC = 1 mA; -VCg = 5 V 

Input impedance hib 25 to 35 25 to 35 S2 

Reverse voltage transfer ratio hrb 0 to 8x10-4 0 to 8x10-4

Small signal current gain hfe 15 to 50 25 to 100 

Output conductance hob 0 to 1 0 to 1 µS2-1

-IC = 5 mA; -VCg = 10 V 

Input impedance hib < 10 10 S2 

Reverse voltage transfer ratio hrb 0 to 8x10
-4

0 to 8x10
-4

Small signal current gain hfe > 20 30 

Output conductance hob 0 to 5 0 to 5 µSl 1
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2N1302 2N1306 
2N1304 2N1308 

GERMANIUM ALLOYED TRANSISTORS 
N -P-N transistors in a TO-5 metal envelope with the base connected to the case. 
These general purpose transistors are primarily intended for medium current 
medium speed computer logic applications. 

QUICK REFERENCE DATA 

Collector-base voltage 
2N1302 1304 1306 1308 

(open emitter) VCBO max. 25 25 25 25 V 

Collector -emitter voltage 
(open base) VCEO max. 25 20 15 15 V 

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

Total power dissipation 
up to Tam = 25 °C Ptot max. 150 150 150 150 mW 

Junction temperature T~ max. 85 85 85 85 °C 

D.C. current gain at TJ = 25 oC 
IC = 10 mA; VCE = 1 V hFg > 20 40 60 80 

Saturation voltage 

IC = 10 mA; IB = IC VCEsat ~ 0.2 0.2 0.2 0.2 V 
~FEmin 

Transition frequency 
IC = 1 mA; VCg = 5 V fT typ. 10 15 20 30 MHz 

Turn on time (td + tr) ton typ. 285 270 225 220 ns 

Turn off time (ts + tf) toff typ. 865 850 815 790 ns 

MECHANICAL DATA 

TO-5 
Base connected to case 

060+ 
45° 

~' 

,~~ 

E 

aD 

Dimensions in mm 

6.6 
max 

~ • 

Accessories available: 56218, 56245, 56265 

38.1m,n 
]20B6B1 B

0 
E 
m 

O 1
1
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2N1302 2N1306 
2N1304 2N1308 

RATINGS (Limiting values) 1) 

Voltages 2N1302 1304 1306 1308 

Collector-base voltage 
(open emitter) VCBO max. 25 25 25 25 V 

Collector-emitter voltage 
(open base) VCEO max. 25 20 15 15 V 

Emitter -base voltage 
(open collector) VEBO max. 25 25 25 25 V 

Currents 

Collector current (d. c. or average 

over any 20 ms period) IC max. 200 mA 

Collector current (peak value) ICM max. 300 mA 

Power dissipation 

Total power dissipation up to Tamb - 25 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg —65 to +100 ° C 

Junction temperature Tj max. 85 °C 

THERMAL RESISTANCE 

From junction to ambient in free air R~ j_a 0.4 ° C/mW 

From junction to case R~ j- c 0.2 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 
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2N1302 2N1308 

2N1304 2N1308 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

2N1302 1304 1306 1308 
Collector cut-off current 

ICBO 
typ. 
< 

3 
6 

3 
6 

3 
6 

3 
6 

µA 
µA IE=O; VCg=25V 

Emitter cut-off current 

IEBO 
typ. 
< 

2.2 
6 

2.2 
6 

2.2 
6 

2.2 
6 

µA 
µA IC =O; VEg= 25V 

Collector current at reverse 
biased emitter junction 

—VBE = 0.2 V; Tj = 55 oC 
VCE=20V ICEX < 50 50 µA 
VCE =15V ICEX 50 50 µA 

Saturation voltages 
> 0.15 0.15 0.15 0.15 V 

IC =10mA; IB=0.5mA VBE sat typ. 0.30 0.25 0.24 0.23 V 
< 0.40 0.35 0.35 0.35 V 

VCEsat 
typ. 
< 

0.1 
0.2 

V 
V 

IC =10mA; IB =0.25mA V CE sat 
typ. 0.1 

0.2 
V 
V 

IC= lOmA; IB=0.17mA VCEsat 
tpp 0.1 

0.2 
V 
V 

IC =10mA; IB=0.13mA VCEsat 
typ. 0.1 

0.2 
V 
V 

Punch through voltage Vpt > 25 20 15 15 V 

D.C. current gain 
> 20 40 60 80 

IC=10mA; VCE=1V hFE typ. 50 70 100 150 
100 200 300 

10 15 20 20 
IC = 200 mA; VCE = 0.35 V hFE tYP• 48 65 95 145 

Collector capacitance at f = 1 MHz 
typ. 12 12 12 12 pF 

IE=Ie =O; VCg=SV Cc < 20 20 20 20 pF 

Emitter capacitance at f = 1 MHz 
IC=Ic =O; VEB=SV Ce tYP• 8 8 8 8 pF 

Transition frequency 
> 3 5 10 15 MHz 

IC =1mA; VCE=SV fT
typ. 10 15 20 30 MHz 
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2N1302 2N1306 
2N1304 2N1308 

CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 

2N1302 1304 1306 1308 
Switching times 

td typ. 65 60 55 55 ns delay time 
rise time tr typ. 220 210 170 165 ns 
storage time is typ. 500 500 500 500 ns 
fall time tf typ. 365 350 315 290 ns 

Recovered charge Qs typ. 800 700 650 600 pC 

10nF 

1Ek11 
V; 

+IOV 

1 kdl. 

Oscilloscope 
C;58pF 
Ri>IOM,(1 

~zw.uv 

Adjust C from zero to Copt 
Qs =Copt . Vi 

6V 

V, 

V°

90% 

10% 

V; 2.5V 

0 0.8Vi 

V° 

t 
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2N1303 2N1307 
2N1305 2N1309 

GERMANIUM ALLOYED TRANSISTORS 

P-N-Ptransistors in a TO-5 metal envelope with the base connected to the case. 
These general purpose transistors are primarily intended for medium current 
medium speed computer logic applications. 

QUICK REFERENCE DATA 
2N1303 

Collector-base voltage 
1305 1307 1309 

(open emitter) -VCBO max. 30 

Collector -emitter voltage 
(open base) - VCEO max. 25 

30 

20 

30 

15 

30 V 

15 V 

Collector current (peak value) -ICM max. 300 

Total power dissipation 
up to Tamb = 25 oC Ptot max. 150 

300 

150 

300 

150 

300 mA 

150 mW 

Junction temperature TJ max. 85 

D.C. current gain at TJ = 25° C 
-IC = 10 mA; -VCE = 1 V hFE ~ 20 

Saturation voltage 

-IC 

85 

40 

0.2 

85 

60 

0.2 

85 ° C 

80 

0.2 V -IC = 10 mA; -Ig = VCEsat ~ 0.2 
hFEmin 

Transition frequency 
-IC = 1 mA; -VCE = 5 V fT typ. 5 10 15 20 MHz 

Turn on time (td + tr) ton typ. 360 255 230 200 ns 

Turn off time (ts + tf) toff typ. 1300 •1150 1050 1050 ns 

MECHANICAL DATA 
TO-5 
Base connected to case 

o~ 
;~.r~45° 

E 

Dimensions in mm 

E 

' ~smax.

Accessories available: 56218, 56245, 56265 

38.1 mIn 
7208681 ~ 
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2N13O3 2N1307 
2N1305 2N13O9 

RATINGS (Limiting values) 1) 

Voltages 2N1303 1305 1307 1309 

Collector-base voltage 
(open emitter) -VCBO max. 30 30 30 30 V 

Collector-emitter voltage 
(open base) -VCEO max. 25 20 15 15 V 

Emitter -base voltage 
(open collector) -Vggp max. 25 25 25 25 V 

Currents 

Collector current (d. c. or average 
over any 20 ms period) -IC max. 200 mA 

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

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 150 mW 

Temperatures 

Storage temperature Tstg -65 to +100 ° C 

Junction temperature Tj max. 85 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 0.4 °C/mW 

From junction to case Rth j-c 0.2 ° C/mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2 May 1968 



2N1303 2N1307 
2N1305 2N1309 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

2N1303 1305 1307 1309 
Collector cut-off current 

-ICBO 
tYP. 3 

6 
3 
6 

3 
6 

3 
6 

µA 
µA 

IE = 0; -VCB = 25 V 

Emitter cut-off current 

- IEBO 
typ. 
< 

1.7 

6 
1.7 

6 
1.7 

6 
1.7 

6 
µA 
µA 

IC = 0; -VEg = 25 V 

Collector current at reverse 
biased emitter junction 

-VCE = 15 V;+VBE = 0.2 V 
Tj = 55 °C - ICEX < 50 50 50 50 µA 

Saturation voltages 
> 0.15 0.15 0.15 0.15 V 

-IC = 10 mA; -Ig = 0.5 mA - VBE sat typ. 0.30 0.25 0.24 0.23 V 
< 0.40 0.35 0.35 0.35 V 

typ. 0.1 V 
- VCEsat < 0.2 V 

-IC = 10 mA; -IB = 0..25 mA -VCEsat 
typ 0.1 V 

0.2 V 

-IC = 10 mA; -Ig = 0.17 mA -VCEsat 
typ 0.1 

0.2 
V 
V 

-IC = 10 mA; -Ig = 0.13 mA -VCEsat 
typ 0.1 

0.2 
V 
V 

Punch through voltage Vpt > 25 20 15 15 V 

D.C. current gain > 20 40 60 80 
-IC = 10 mA; -VCg = 1 V hgE typ. 50 70 100 150 

100 200 300 

-IC = 200 mA; -VCE = 0.35 V hFE 
> 
typ. 

10 
35 

15 
55 

20 
90 

20 
130 

Collector capacitance at f = 1 MHz 
Cc

typ. 
< 

10 
20 

10 
20 

10 
20 

10 
20 

pF 
pF IE=Ie =O;-VCg=SV 

Emitter capacitance at f = 1 MHz 
IC = Ic = 0; -VEB = 5 V Ce typ. 7 7 7 7 pF 

Transition frequency 
fT

> 
typ. 

3 
5 

5 
10 

10 
15 

15 
20 

MHz 
MHz 

-IC = 1 mA; -VCE = 5 V 

~, 
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2N1303 2N1307 
2N1305 2N1309 

CHARACTERISTICS (continued) 

Switching times 
delay time 
rise time 
storage time 
fall time 

Recovered charge 

10nF 
—10V 

ikdl 

Tj = 25 °C unless otherwise specified 

2N1303 1305 1307 1309 

td typ. 60 55 50 45 ns 

tr typ. 300 200 180 155 ns 
is typ. 700 700 700 700 ns 
tf typ. 600 450 350 350 ns 

Qs typ. 1000 1000 1000 1000 pC 

0  0.8V=

V; —2.5V 
I
~ I 

Oscilloscope ~ L 
C;~BpF 
R ?10M,(1. 

._, 

Adjust C from zero to Copt 
Qs =Copt . Vi 

Vo

v, 

10% 

90% 

90°~- r -
~ ~ ~ 
~_,0°~_,~_~_ 

rtdltr 
I_ is 

Itf'I>msx. 

t 

4 May 1968 



2N2218 
2N2218A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N -P-N transistors in a TO-39metal envelope with the collector connected to the case. 

Thev are primarily 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) VCBO max. 60 75 V 

Collector -emitter voltage (open base) VCEO max, 30 40 V 

Collector current (d.c.) IC max. 800 800 mA 

Total power dissipation up to Tamb = 25 ° C Ptot max, 0.8 0.8 W 

Junction temperature T~ max. 175 175 oC 

D.C, current gain at Ti = 25 oC 

IC = 10 mA; VCE = 10 V hFE > 3~ 35 

Transition frequency at f = 100 MHz 

IC = 20 mA; VCE = 20 V fT > 250 250 MHz 

Storage time 
IC = 150 mA; IB = -IgM = 15 mA is < - 225 ns 

MECHANICAL DATA 

Collector connected to case 

TO-39 maz 45°
~\ 

1.0 
max 

f 5.1 

9.4 
max 

8.5 
max 

Dimensions in mm 

,o  +o 4e 
  max 

6.6~.~  127 
max mm 7Z 59322 

max. lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218; 56245; 56265. 

August 1970 1 



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) 'CEO max . 30 401)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 Tamb = 25 oC Ptot max. 0.8 W 

up to Tcase = 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 

Collector -cut-off current 

Tj = 25 oC unless otherwise 

2N2218 

specified 

2N2218A 

I E =O;VCB=50V ICBO < 10 - nA 

IE =O;VCg=50 V; Tamb= 150°C ICBO < 10 - µA 

IE=O;VCg=60V ICBO 10 nA 

I E = 0; VCB = 60 V ; Tamb = 150 ° C ICBO 10 µA 

Emitter cut-off current 

IEBO < 10 10 nA IC =O;VEB=3V 

Currents at reverse biased emitter junction 

10EX 
- IBEX 

10 
20 

nA 
nA 

VCE = 60 V; -VBE = 3 V 

1) Applicable up to IC = 500 mA 

2 July 1969 



2N2218 
2N2218A 

CHARACTERISTICS (continued) 

Breakdown voltages 

T~ = 25 oC unless otherwise 

2N2218 

specified 

2N2218A 

IE =0;IC =10µA V (BR HBO > 60 75 V 

IB = 0; IC = 10 mA V(BR)CEO > 30 40 V 

IC=0;IE=10µA V(BR)EBO > 5 6 V 

Saturation voltages 1) 

VCEsat < 0.4 0,3 V IC =150mA;Ig=15mA 
> - 0.6 V 

VBEsat < 1.3 1,2 V 

IC = 500 mA; IB = 50 mA VCEsat 
VBEsat 

<~ 
< 

1.6 
2.6 

1.0 
2.0 

V 
V 

D.C. current gain 

IC = 0.1 mA; VCg = 10 V hFE > 20 20 

IC = 1mA;VCE=10V hFE > 25 25 

IC = lOmA;VCE=10V hpE > 35 35 

IC = lOmA;VCE =10 V;Tamb= -55 oC hFE > - 15 

IC =150mA; VCE= 1V 1) hgE > 20 20 

IC=150mA; VCE=10V 1) hgE 40 to 120 40 to 120 
IC =500mA;VCE =10V 1) hgE > 20 25 

Transition frequency at f = 100 MHz 

fT > 250 250 MHz IC =20mA; VCE=20V 

Collector capacitance at f = 100 kHz 

Cc < 8 8 pF IE =Ie =0; VCg=10V 

Emitter capacitance at f = 100 kHz 

Ce < 25 pF IC =Ic =O;VEB=0.5V 

Feedback time constant at f = 31.8 MHz 

rb Cc < 150 ps IC =20mA; VCE =20V 

i 1) Pulse duration < 300 µs; duty cycle 5 2°/0 . 

July 1969 3 



2N2218 
2N2218A 

CHARACTERISTICS (continued) 

h parameters  (common emitter) 

IC = 1mA;VCE =lOV;f=1kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

IC = 10 mA; VCg = 10 V ; f = 1 kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

IC = 20 mA; VCg = 20 V; f = 100 MHz 

Small signal current gain 

IC = 20 mA; VCg = 20 V; f = 300 MHz 

Real part of input impedance 

Switching times for 2N2218A 

Turn on time when switched from 
-Vgg=0.5VtoIC= 150mA; IQ=15mA 

Delay time 
Rise time 

Test circuit: 

Vi 

t 9.9V 

0 
— 0.5V tr 

Pulse generator: 

pulse duration 

rise time 

tp Woos 

tp _< 200 ns 
tr _< 2 ns 

90°b 

T~ = 25 °C unless otherwise specified 

2N2218A 

h1e 1 to 3.5 kS2 
h Ye < 5 10-4

hfe 30 to 150 
hOe 3 to 15 µS2-1

hie 0.2 to 1.0 kSi 

hre < 2.5 10
-4

hfe 50 to 300 

hoe 10 to 100 µS2-1

2N2218 2N2218A 

hfe > 2.5 2.5 

Re(h1e) < 60 60 S2 

Vi 

td
tr

61941 

< 10 ns 
< 25 ns 

+30V 

20041 

oscilloscope 

nwon 

Oscilloscope: 
input resistance R i > 100 kS2 
input capacitance Ci < 12 pF 
rise time tr < 5 ns 

4 July 1969 



2N2218 
2N2218A 

CFIARACl'BRISTICS (continued) 

Switching times for 2N2218A 

Turn off time 
IC = 150 mA; IQ = —IgM = 15 mA 

Storage time is 
Fa11 time tf 

Test circuit: 

V; 

+16.2V 

200ns 

—13.8V----
500Ns 

Pulse generator: 

fall time t f < 5 ns 

rz noro~ 

time 

T; = 25 °C unless otherwise specified 

+30V 

1kd1 

< 225 ns 
< 60 ns 

Vo

oscilloscope 

Oscilloscope: 

input impedance Ri > 100 kS2 

input capacitance C1 < 12 pL' 

rise time tr < 5 ns 

July 1969 J 





2N2219 
2N2219A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistorsinaTO-39metal envelope with the collector connected to the case. 
They are primarily 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) V CBO max. 60 7~ V 

Collector -emitter voltage (open base) VCEO max. 30 40 V 

Collector current (d. c.) IC max. 800 800 mA 

Total power dissipation up to Tamb = 25 °C Ptot max. 0. 8 0.8 W 

Junction temperature T~ max. 175 175 oC 

D.C. current gain at T~ = 25 oC 
IC = IOmA;VCE = lOV hFE > 75 75 

Transition frequency at f = 100 MHz 
IC = 20 mA; VCg = 20 V f-r > 250 300 MHz 

Storage time 
IC = 150 mA; IB = —IgM = 15 mA is > 225 ns 

MECHADIICAL DATA Dimensions in mm 

Collecter connected max \45°~ 

to case '~ 

TO-39 
1.0 " ~ ~J 

max R ~~% 

f 5.1 

~ 9.4 ~ 
max 

8.5 
max 

+0.48 o
max 

~o 

~~6.6~ 

O 

~27 ~ 
max 

~ 
min "1259322 

max. lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265 

August 1970 1 



2N2219 
2N2219A 

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

Voltage s 2N2219 2N2219A 

Collector-base voltage (open emitter) V CBO max. 60 75 V 

Collector-emitter voltage (open base) VCEO max. 30 401) V 

Emitter-base voltage (open collector) V EBO max. 5 6 V 

Current 

Collector current (d. c.) IC max. 800 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 oC Ptot max. 0.8 W 

up to Tcase = 25 oC Ptot max. 3 W 

Temperature s 

Storage temperature Tstg —65 to +200 oC 

Junction temperature Tj max. 175 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Itth j-a 190 oC/W 

From junction to case Itth j-c 50 oC/W 

CHARACTERISTICS Tj = 25 °C unless otherwise specified 

Collector cut-off current 2N2219 2N2219A 

IE=O;VCB =50V ICBO < 10 — nA 

IE =O;VCB=50 V; Tamb= 150oC ICBO < 10 — µA 

IE=O;VCB=60V ICBO 10 nA 

IE = 0; VCB = 60 V; Tamb = 150 °C ICBO 10 µA 

Emitter cut-off current 

IC =O;VEg= 3V IEBO < 10 10 nA 

Currents at reverse biased emitter junction 

VCE=60 V; —VgE=3V ICEX 
— IBEX 

10 nA 
20 nA 

1) Applicable up to IC = 500 mA 

2 July 1969 



2N22"i9 
2N2219A 

CHARACTERISTICS (continued) 

Breakdown voltages 

T~ = 25 °C unless otherwise 

2N2219 

specified 

2N2219A 

IE = 0; IC = 10 µA V(BR)CBO > 60 75 V 

IB = 0; IC = 10 mA V(BR)CEO > 30 40 V 

IC = 0; IE = 10 µA V(BR)EBO ~ 5 6 V 

Saturation voltages 1) 

VCEsat < 0.4 0.3 V IC = 150 mA; Ig = 15 mA 
> — 0.6 V 

VBEsat < 1.3 1.2 V 

IC =500 mA; Ig = 50 mA VCEsat 
VBEsat 

< 
< 

1.6 
2.6 

1.0 
2.0 

V 
V 

D.C. current gain 

IC=O.1mA; VCE=.lOV hFE > 35 35 

IC= 1mA;VCE=10V hFE > 50 50 

IC = 10 mA; VCE = 10 V hFE > 75 75 

IC = 10 mA; VCE = 10 V; Tamb= —55°C hFE > — 35 

IC=150mA; VCE= 1V 1) hFE > 50 50 

IC =150mA; VCE=10V 1) hFE 100 to 300 100 to 300 
IC=500mA; VCE=10V 1) hFE > 30 40 

Transition frequency at f = 100 MHz 

fT > 250 300 MHz IC = 20 mA; VCE = 20 V 

Collector capacitance at f = 100 kHz 

Cc < 8 8 pF IE=Ie =O;VCg=10V 

Emitter capacitance at f = 100 kHz 

Ce < — 25 pF IC=Ic =O;VEB =0.5V 

Feedback time constant at f = 31.8 MHz 

rb' C c < 150 ps IC = 20 mA; VCg = 20 V 

1) Pulse duration < 300 µs; duty cycle < 2°~~. 

July 1969 3 



2N2219 
2N2219A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

IC= 1mA;VCE=lOV; f= 1kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

IC= lOmA;VCE=lOV;f=1kHz 

Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

IC = 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 = 1 kHz 

IC=O.1mA; VCE= lOV 
RG = 1 kS2; 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 td 
Rise time tr

Test circuit: 

Vj 

t99Y —. 

0 
—Q5V 

~o~ 

10°b 

Pulse generator: 

pulse duration 
rise time 

tp vzme 

tp < 200 ns 

tr < 2 ns 

61941 

Vi 

OSC11105COpe: 

input resistance 
input capacitance 
rise time 

Tl = 25 oC unless otherwise specified 

hie 
hre 
hfe 
hoe 

hie 
hre 
hfe 
hoe 

hfe 

2N2219A 

2 to 8 kSl 
< 8 10 —4 

50 to 300 
5 to 35 µS2-1

0.25 to 1.25 kS2 
< 4 10 —4 

75 to 375 
25 to 200 µS2-1

2N2219 2N2219A 

> 2.5 

Re(h1e) < 60 

F < — 

3.0 

60 S2 

4 dB 

< 10 ns 
< 25 ns 

20041 

oscilloscope 

~zaon 

Ri > 100 kS2 
Ci < 12 pF 
t r < 5 ns 

4 July 19b9 



2N2219 
2N2219A 

CHARACTERISTICS (continued) 

Switching times for 2N2219A 

Turn off time 
IC = 150 mA; Ig = -IgM = 15 mA 

Ti = 25 °C unless otherwise specified 

Storage time is < 225 ns 
Fall time tf < 60 ns 

t30V Test circuit: 

Vi 

+16.2V 

200ns 1k1L 

SooNs

Pulse generator: 

fall time tf < 5 ns 

anon, 

time 

—3Y 

Oscilloscope: 
input impedance 
input capacitance 

rise time 

20k1L 

~o 
oscttloscope 

. ~zaom 

Ri > 100 kSt 
Ci < 12 pF 
tr < 5 ns 

July 1969 J 





2N2221 
2N2221A 

SILICON PLANAR EPITAXIAL. TRANSISTORS 

N -P-N transistors in a TO-18 metal envelope with the collector connected to the 
case. They are primarily in~ended for high speed switching. 
The 2N2221 is also suitable for d.c. and v.h.f.-u.h.f. amplifiers. 

QUICK REFERENCE DATA 

2N2221 2N2221A 

Collector-base voltage (open emitter) VCBO max. 60 75 V 

Collector-emitter voltage (open base) VCEO max. 30 40 V 

Collector current (d. c.) IC max. 800 800 mA 

Total power dissipation up to Tamb = 25oC Ptot max. 0.5 0.5 W 

Junction temperature TJ max. 175 175 °C 

D.C. current gain at T~ = 25 °C 
IC = 10 mA; VCE = 10 V hFE > 35 35 

Transition frequency at f = 100 MHz 
IC = 20 mA; VCE = 20 V f7. > 250 250 MHz 

Storage time 
IC = 150 mA; Ig = —IgM = 15 mA is < 225 ns 

MECHANICAL DATA 

Collector connected to case 
TO-18 

0 
E 
m 

Accessories available: 5624th, 56263 

•3~ x . 

Dimensions in mm 

0 
E 
m 

O

T
i 

 ~ I 

~ 12.7 min . 
,208115 

July 1969 1 



2N2221 

2N2221A 

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 Tamb = 25 °C 

up to Tcase = 25 oC 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

CHARACTERISTICS 

VCBO 

VCEO 

VEBO 

2N2221 2N2221A 

max. 60 

max. 30 

max• 5 

75 V 

401)V 

6 V 

IC max. 800 mA 

Ptot max. 0.5 W 

Ptot max. 1.8 W 

Tstg -65 to +200 oC 

Tj max. 175 oC 

Rth j -a = 300 oC/W 

IZth j -c = 83 oC/W 

Tj = 25 oC unless otherwise specified 

Collector cut-off current 2N2221 2N2221A 

IE =G; VCB =50V ICBO < 10 - nA 

IE=O; VCg= 50 V; Tamb= 150°C ICBO < 10 - µA 

I E =O; VCB=60V ICBO < - 10 nA 

IE = 0; VCg = 60 V; Tamb = 150 °C ICBO 10 µA 

Emitter cut-off current 

IEBO < 10 10 nA IC=O;VgB= 3V 

Currents at reverse biased emitter junction 

ICEX 
- IBEX < - 

10 
20 

nA 
nA 

VCE =60 V; -VgE=3V 

I) Applicable up to IC = 500 mA 

2 July 1969 



2N2221 
2N2221A 

CHARACTERISTICS (continued) 

Breakdown voltages 

TJ = 25 oC unless otherwise 

2N2221 

specified 

2N2221A 

IE=O; IC=10µA V(BR)CBO > 60 75 V 

IB = 0; IC = 10 mA V(BR)CEO > 30 40 V 

IC = 0; IE = 10 µA V(BR)EBO > 5 6 V 

Saturation voltages 1) 

VCEsat < 0.4 0.3 V IC = 150 mA; Ig = 15 mA 
> _ 0.6 V 

VBEsat < 1.3 1.2 V 

IC=500mA;IB=50mA VCEsat 
VBEsat 

< 
< 

1.6 
2.6 

1.0 

2.0 
V 

V 

D.C. current gain 

IC=O.1mA; VCE=10V hFE > 20 20 
IC= 1mA;VCE=10V hFE > 25 25 
IC= lOmA;VCg=10V hFE > 35 35 
IC = 10 mA; VCE = 10 V; Tam= —55oC hFE > — 15 
IC=150mA; VCE= 1V 1) hFE > 20 20 
IC = 150 mA; VCE = 10 V 1) hFE 40 to 120 40 to 120 
IC=500mA; VCE=10V 1) hFE > 20 25 

Transition frequency at f = 100 MHz 

f-r > 2 50 250 MHz IC = 20 mA; VCE = 20 V 

Collector capacitance at f = 100 kHz 

Cc < 8 8 pF IE =Ie =O;VCB=10V 

Emitter capacitance at f = 100 kHz 

Ce 25 pF IC=Ic=O;VEB=0.5V 

Feedback time constant at f = 31.8 MHz 

rb` Cc 150 ps IC = 20 mA; VCE = 20 V 

1) Pulse duration < 30.0 µs; duty cycle < 2~/o. 

July 1969 3 



2N2221 
2N2221A 

CHARACTERISTICS (continued) 

h_parameters (common emitter) 

IC= 1mA;VCg=lOV; f=1kHz 

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 

IC=20mA; VCg=20V; f= 100 MHz 

T~ = 25 oC unless otherwise specified 

hie 
h re 
hfe 
hoe 

hie 
h re 
hfe 
hoe 

2N2221A 

1 to 3. 5 kS2 
< 5 10-4

30 to 15U 
3 to 15 µS?-1

0.2 to 1.0 kSt 
< 2. 5 10

-4

50 to 300 
10 to 100 µS2-1

2N2221 2N2221A 

Small signal current gain hfe > 2. 5 

IC = 20 mA; V Cg = 20 V; f = 300 MHz 

Real part of input impedance Re(h1e ) 

Switching times for 2N2221A 

Turn on time when switched from 
-VBg = 0. 5 V to IC = 150 mA; Ig = 15 mA 

Delay time td 
Rise time tr

Test circuit: 

Vj 

+39V 

0 
—Q5V 

C 

Pulse generator: 

pulse duration 

rise time 

 90°b 

 _10°b 
tp • nm~ 

tp < 200 ns 
tr < 2 ns 

Oscilloscope: 
input resistance 

input capacitance 

rise time 

< 60 

2. 5 

60 <2 

< 10 ns 
< 25 ns 

Ri > 100 kS2 
Ci < 12 pF 
t r < 5 ns 

4 July 1969 



2N2221 
2N2221A 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

Switching times for 2N2221A 

Turn off time 
IC = 150 mA; Ig = —IgM = 15 mA 

Storage time is < 225 ns 
Fall time tp < 60 ns 

Test circuit: t30V 

Vi 200ns 

+16.2V -----~ 

0 

—13.6V 
_t f I - `RNs ~nao»~ 

Pulse generator: 

fall time tf < 5 ns 

time 

tklL 

—3V 

Oscilloscope: 
input impedance 
input capacitance 

rise time 

20kLL 

Vo 
oscilloscope 

nwozo 

Ri > 100 kS2 
Ci < 12 pF 
tr < 5 ns 

July 1969 5 





2N2222 

2N2222A 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N -P-N transistors in a TO-18 metal envelope with the collector connected to the 
case. They are primarily intended for high speed switching. 
The 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) VCBp max. 60 75 V 

Collector -emitter voltage (open base) VCEO max. 30 40 V 

Collector current (d.c.) IC max. 800 800 mA 

Total power dissipation up to Tamb = 25 oC Ptot max. 0.5 0.5 W 

Junction temperature T~ max. 175 175 oC 

D.C. current gain at T~ = 25 °C 
IC=lOmA;VCE =10V hFE > 75 75 

Transition frequency at f = 100 MHz 
IC = 20 mA; VCg = 20 V f-r > 250 300 MHz 

Storage time 
IC = 150 mA; Ig = —IBM = 15 mA is < 225 ns 

MECHANICAL DATA 

Collector connected to case 
TO -18 

e b 

E 

Accessories available: 56246, 56263 

Dimensions in mm 

0 
E 
m 

O 
  1 

 ~~

3max 1. ~2.7 min -
sI 

~zoens 

July 1969 1 



2N2222 

2N2222A 

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

Voltages 
2N2222 2N2222A 

Collector -base voltage (open emitter) VCBO max. 60 75 V 

Collector -emitter voltage (open base) VCEO max. 30 401)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 Tamb = 25 oC Ptot max. 0.5 W 

up to Tcase = 25 oC Ptot max. 1.8 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 300 oC/W 

From junction to case Rth j -c 83 oC/W 

CHARACTERISTICS Tj = 25 oC unless otherwise specified 

Collector cut-off current 2N2222 2N2222A 

IE =O;VCg=50V ICBO < 10 - nA 

Ig=O;VCg=50 V;Tamb= 150 °C ICBO < 10 - µA 

IE=0;VC6 =60V ICBO < - 10 nA 

IE = 0; VCB = 60 V; Tamb = 150 °C ICBO < - 10 µA 

Emitter cut-off current 

IC =O;VEg=3V IEBO < 10 10 nA 

Currents at reverse biased emitter junction 

VCE = 60 V; -VgE = 3 V ICEX 
- IBEX 

10 nA 
20 nA 

1) Applicable up to IC = 500 mA 



2N2222 

2N2222A 

CHARACTERISTICS (continued) 

Breakdown voltages 

T~ = 25 oC unless otherwise 

2N2222 

specified 

2N2222A 

IE = 0; IC = 10 µA V(BR~BO > 60 75 V 

IB = 0; IC = 10 mA V(BR)CEO > 30 40 V 

IC = 0; IE = 10 µA V(BR)EBO > 5 6 V 

Saturation voltages 1) 

VCEsat < 0:4 0:3 V IC = 150 mA; Ig = 15 mA 
> — 0:6 V 

VBEsat < 1.3 1.2 V 

IC = 500 mA; IB = 50 mA VCEsat 
VBEsat 

< 
< 

1.6 
2.6 

1.0 
2.0 

V 
V 

D.C. current gain 

IC = 0.1 mA; VCE = 10 V hpE > 35 35 
IC = 1 mA; VCE = 10 V hpE > 50 50 
IC = 10 mA; VCE = 10 V hpE > 75 75 
IC = 10 mA; VCE = 10 V; Tamb = —55 oC hpE > — 35 
IC = 15G mA; VCg = 1 V 1) hpE > 50 50 
IC = 150 mA; VCE = 10 V 1) hpE 100 to 300 100 to 300 
IC = 500 mA; VCE = 10 V 1) hpE > 30 40 

Transition frequency at f = 100 MHz 

fT > 250 300 MHz IC = 20 mA; VCE = 20 V 

Collector capacitance at f = 100 kHz. 

Cc < 8 8 pF IE=Ie =O>VCB=10V 

Emitter capacitance at f = 100 kHz 

Ce < — 25 pF IC =Ic =O;VEB=0.5V 

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 _< 2°Jo. 
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2N2222 

2N2222A 

CHARACTERISTICS (continued) 

h parameters (common emitter) 

T~ = 25 oC unless otherwise specified 

2N2222A 
IC= 1mA;VCg=lOV;f=1kHz 

Input impedance hie 2 to 8 kS2 
Reverse voltage transfer ratio hre < 8 10'4

Small signal current hfe 50 to 300 
Output admittance hoe 5to 35 µS2'1

IC = 10 mA; V C g = 10 V ; f = 1 kHz 

Input impedance hie 0.25 to 1.25 kS2 
Reverse voltage transfer ratio hre < 4 10-4

Small signal current gain hfe 75 to 375 
Output admittance hoe 25 to 200 µS2-1

IC = 20 mA; V C g = 20 V ; f = 100 MHz 2N2222 2N2222A 

Small signal current gain hfe > 2.5 3.0 

IC = 20 mA; VCg = 20 V; f = 300 MHz 

Real part of input impedance Re(h1e) < 60 60 S2 

Noise figure at f = 1 kHz 

IC =O.1mA;VCg=10V 
RG = 1kS2;B=1Hz F < - 4 d6 

Switching times for 2N2222A 

Turn on time when switched from 

-VBE = 0.5 V to IC = 150 mA; IB = 15 mA 

Delay time td < 10 ns 

Rise time tr 25 ns 

Test circuit: +30V 

t 9.9V 

0 
-0.5V 

90°!0 

- -~°b 

Pulse generator: 
pulse duration 
rise time 

tp

tp _< 200 ns 
tr < 2 ns 

~zcow 

619,(1 

Vi 

20041 

oscilloscope 

rzwon 

Oscilloscope: 
input resistance Ri > 100 kS2 
input capacitance Ci < 12 pF 

rise time tr < 5 ns 
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2N2222 

2N2222A 

CHARACTERISTICS (continued) 

Switching times  for 2N2222A 

Turn off time 
IC = 150 mA; Ig = —IgM = 15 mA 

Storage time 
Fall time 

Test circuit: 

Vi 

+ts.zv 

—13.BV 
~JOO~1S

Pulse generator: 

tall time tf < 5 ns 

~~zoo~~ 

T~ = 25 oC unless otherwise specified 

is
tf 

+30V 

< 225 ns 
< 60 ns 

20k11 

Vo

oscilloscope 

moom 

Oscilloscope: 
input impedance Ri > 100 kS2 

input capacitance Ci < 12 pF 

rise time tr < 5 ns 
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2 N 2368 
2N2369 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in a TO-18 metal envelope with the collector connected to 
the case. The 2N2368 and 2N2369 are primarily intended for use invery high-
speed saturated switching and v.h.f. amplification. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) VCBO max. 40 V 

Collector-emitter voltage (open base) VCEO max. 15 V 

Collector current (peak value) ICM max. 500 mA 

Total power dissipation up to Tam = 25 °C Ptot max. 360 mW 

Junction temperature T~ max. 200 ° C 

D.C. current gain at T~ = 25 °C 

IC = 10 mA; VCg = 1 V 
2N2368 hgg 20 to 60 

2N2369 hpE 40 to 120 

Transition frequency 

IC=10mA; VCE=10V 

Storage time 

IC = IB = -IgM = 10 mA 

2N2368 fT > 400 MHz 

2N2369 fT > 500 MHz 

2N2368 is < 10 ns 

2N2369 is < 13 ns 

MECHANICAL DATA 

Collector connected to case 

TO-18 

• 

E 

~f

:.3 "'° 

Accessories available: 56246, 56263 

Dimensions in mm 

12 7 min ' 

rzoans 

June 1968 1 



2 N 2368 
2 N 2369 

RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) VCBO max. 40 V 

Collector-emitter voltage (open base) VCEO max. 15 V 

Collector-emitter voltage with VBE = 0 VCES max. 40 V 

Emitter-base voltage (open collector) VBBO max. 4.5 V 

Current 

Collector current (peak value; t = 10 µs) 1CM max. 500 mA 

Power dissipation 

Total power dissipation up to Tam = 25 oC Ptot max. 360 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 = 0.48 oC/mW 

From junction to case Rth j -c = 0.145 oC/mW 

1) Limiting values according to the Absolute Maximum System ~as defined in 
IEC publication 134. 

2 June 1968 



2N2368 
2 N 2369 

CHARACTERISTICS 

Collector cut-off current 

Tj = 25 oC unless otherwise specified 

IE = 0; VCB = 20 V ICBO < 0.4 µA 

Ig = 0; VCg = 20 V; Tj = 150 oC ICgp < 30 µA 

Sustaining voltage 1) 

VCEOsust > 15 V 1) IC = 10 mA; IB = 0 

Saturation voltages 

VCEsat < 0.25 V 
IC =lOmA;IB=1mA 

VBEsat 0.7 to 0.85 V 

Collector capacitance at f = 140 kHz 

Cc < 4 pF IE =Ie =0; VCg=SV 

D.C. current gain 1) 2N2368 2N2369 

IC = 10 mA; VCE = 1 V hgg 20 to 60 40 to 120 

IC = 10 mA; VCE = 1 V; Tj =-55oC hgE > 10 20 

IC = 100 mA; VCE = 2 V hFE > 10 20 

Transition frequency 

fT > 400 500 MHz IC=10mA; VCE=10V 

1) Measured under pulsed conditions to avoid excessive dissipation 
Pulse duration t = 300 µs; duty cycle S = 0.01 
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2N 2368 
2N2369 

CHARACTERISTICS (continued) 

Storage time 

IC = IB = —IBM = 10 mA 

Test circuit: 1) 

v~ 

A 

1 
~F 

50041 
X 

nL

T 10µF 

+11V 

8904E 

10 

+10V 

T~ = 25 °C unless otherwise specified 

2N2368 is < 10 ns 
2N2369 is < 13 ns 

0.1~F 1k.(1 
~~ —10V 

Turn on time 

IC = 10 mA; IB = 3 mA; —Vgg = 1.5 V 

Turn off time 

IC = 10 mA; IB = 3 mA; —IgM = 1.5 mA 

Test circuit: 1) 
+16V 

ca, vim.-av +3v 
a, vim.+ttv 

1) Pulse generator: 

Pulse duration t > 300 
Duty cycle E ~ 0.02 

Rise time tr _< 1 

Source impedance RS = 50 

V; 

91A 
+ 6V 

V, 

Point A 

4V 

'Vo 

~zas3za ~I ~ 

ton < 12 ns 

2N2368 toff < 15 ns 
2N2369 toff < 18 ns 

Oscilloscope: 

ns Rise time tr < 1 ns 
Input impedance Ri = 50 S2 

ns 
Sl 

4 June 1968 



2N2369A 

SILICON PLANAR EPITAXIAL TRANSISTOR 

N -P-N transistor in a TO-18 metal envelope with the collector connected to 
the case. The 2N2369A is primarily intended for low -power very high-speed 
saturated switching applications in industrial service. 

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 T~ = 25 °C 

IC =lOmA;VCE =1 V 

Transition frequency 

IC=lOmA;VCg=10V 

Storage time 

IC = IB = -IBM = 10 mA 

VCBO 

VCEO 

ICM 

Ptot 

T~ 

hFE 

fT 

max. 40 V 

max. 15 V 

max. 500 mA 

max. 360 mW 

max . 200 ° C 

40 to 120 

> 500 MHz 

is < 13 ns 

MECHANICAL DATA 

Collector connected to the case 

TO-18 

Dimensions in mm 

0 
E 

O 

5.3max

Accessories available: 56246, 56263 

12 7 
min 

vzaevis 

June 1968 1 



2N2369A 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) VCBO max. 40 V 

Collector -emitter voltage (open base) 
IC=O.O1tolOmA VCEO max. 15 V 

Collector -emitter voltage with VBE = 0 VCES max . 40 V 

Emitter -base voltage (open collector) VEBO max. 4.5 V 

Currents 

Collector currents (d.c, or average over 
any 20 ms period) IC max. 200 mA 

Collector current (peak value; t = 10 µs) ICM max. 500 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 360 mW 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air R th j -a = 0.48 °C/mW 

From junction to case Rth j -c 0.145 °C/mW 

1) Limiting values according to the Absolute Maximum System as defined in 

IEC publication 134. 

June 1968 



2N2369A 

CHARACTERISTICS TJ 

Collector cut-off current 

= 25 °C unless otherwise specified 

VBE =O; VCg=20V ICES < 0.4 µA 

IE = 0; VCB = 20 V; TJ = 150 oC ICBO < 30 µA 

Base current 

- IBEX < 0.4 µA VgE=O; VCE=20V 

Sustaining voltage I) 

VCEOsust > 15 V IC = 10 mA; Ig = 0 

Saturation voltages 

VCEsat < 0.2 V 
IC = 10 mA; IB = 1 mA 

VBEsat 0.7 to 0.85 V 

VCEsat < 0.25 V 
IC = 30 mA; IB = 3 mA 

VBEsat < 1.15 V 

VCEsat < 0.5 V 
IC = 100 mA; Ig = 10 mA 

VBEsat < 1.6 V 

VCEsat < 0.3 V 
IC = 10 mA; IB = 1 mA; TJ = 125 oC 

VBEsat ~ 0.59 V 

IC = 10 mA; IB = 1 mA; TJ = -55 °C VBEsat < 1.02 V 

D . C . current gain I ) 

IC = 10 mA; VCE = 1 V hpE 40 to 120 

IC = 30 mA; VCE = 0.4 V hpg > 30 

IC = 100 mA; VCE = 1 V hpg > 20 

IC = 10 mA; VCE = 1 V; TJ = -55 oC hpE > 20 

Collector capacitance at f = 140 kHz 

Cc < 4 pF IE = Ie = 0; VCB = 5 V 

Transition frequency 

fT > 500 MHz IC=10mA; VCE=10V 

I) Measured under pulsed conditions to avoid excessive dissipation 

Pulse duration t = 300 µs; duty cycle S < 0.01 
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2N2369A 

Vi 

CHARACTERISTICS (continued) 

Storage time 

IC = IB = —IBM = 10 mA 

Test circuit: 1) 

A 

0.1µF 

T 

500,(L 

56,(L 

890,(1. 

T~ = 25 oC unless otherwise specified 

V; 

0.1µF 1k,(1 
~~ —10V 

is < 13 ns 

91,(1 
Vo

+6V 
500,fL 

2.5nF 
2.5nF Point A I 

4V 

T 10µF 10µF 

Vo
1r 

t11V + 10V 

Turn on time 

IC=lOmA;lg=3mA; —VBB=1.5V 

Turn off time 

IC = 10 mA; IB = 3 mA; —IBM = 1.5 mA 

Test circuit: 1) 

33wlL 

+16V 

Vi 
220dL O.iNF 

H 

OINF 0.1 

Y° . VBg = -3V i3V 
t e{p Vgg =+12V 

1) Pulse generator: 

~a

Oscilloscope: 

~ -~-10° l0

I~►'I 
ton < 12 ns 

toff < 18 ns 

Pulse duration t > 300 ns Rise time tr < 1 ns 

Duty cycle S < 0.02 Input impedance Ri = 50 S2 

Rise time tr < 1 ns 

Source impedance RS = 50 S2 
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2 N 2894 
2N2894A 

SILICON LOW POWER SWITCHING TRANSISTORS 

P-N-P transistors in a TO-18 metal envelope with the collector connected to the 
case. The 2N2894 is intended for medium speed, while the 2N2894A is intended for 
high speed, 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 Tam = 25 °C 

Junction temperature 

D.C. current gain at Tam = 25 °C 
—IC = 30 mA; —VCE = 0.5 V 

Turn-off time 
—IC = 30 mA; —Igl = +IB2 = 1.5 mA 

— VCBO 

—VCEO 

—IC

Ptot 

T~ 

hF E 

toff ~ 90 

max. 12 V 

max. 12 V 

max. 200 mA 

max. 360 mW 

max. 200 °C 

> 40 

2N2894 2N2894A 

35 ns 

MECHANICAL DATA 

Collector connected to case 
TO-18 

Dimensions in mm 

S 
E 

O 

5.3n'°" 12 7 min 
noms 

Accessories supplied on request: 56246, 56263 

March 1971 1 



2 N 2894 
2N2894A 

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

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 Tamb = 25 °C 

up to Tcase = 25 °C 

Temperatures 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to case 

CHARACTERISTICS 

—VCBO 

—VCEO 

—VEBO 

max. 

max. 

max. 

2N2894 2N2894A 

12 12 V 

12 12 V 1) 

4.0 4.5 V 
~,—~ 

—IC max. 200 mA 

Ptot 

Ptot 

Tstg 

Tj max. 

Rth j-a = 

R~ j _ c = 

max. 0.36 W 

max. 1. 2 W 

—65 to +200 °C 

200 °C 

486 °C/W 

146 °C/W 

Tamb = 25 °C unless otherwise specified 

Collector cut-off current 2N2894 2N2894A 

IE = 0; —VCB = 6.0 V; Tam = 125 ° C —ICBO < 10 — µA 

IE = 0; —VCB = 10 V; Tam = 125 ° C —ICS < — 10 µA 

VBE = 0; —VCE = 6.0 V —ICES < 80 — nA 

VBE = 0; —VCE = 10 V —ICES 50 nA 

Breakdown voltages 

IE = 0; —IC = 10 µA — V(BR)CBO ~ 12 12 V 

VBE = 0; —IC = 10 µA — V(BR)CES ~ 12 12 V 

IC = 0; —IE = 100 µA — V(BR)EBO ~ 4. 0 4. 5 V 

1) Applicable up to —IC = 10 mA 
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2 N 2894 
2N2894A 

CHARACTERISTICS (continued) Tam  = 25 °C unless otherwise 

Sustaining voltage 1) 2N2894 

specified 

2N2894A 

IB =0;-I C =10mA -VCEOsust > 12 12 V 

Saturation voltages 1) 
< 0. 15 
0.78 to 0.98 

0. 13 V 
0.78 to 0. 92 V 

-VCEsat -IC = lOmA;-Ig=1.OmA 
- VBEsat 

- VCEsat -IC = 30 mA; -IB = 3.0 mA 
- VBEsat 

< 0. 2 
0. 85 to 1.2 

0. 19 V 
0. 85 to 1. 15 V 

- VCEsat < 0.5 0.45 V 

-IC = 100 mA; -IB = 10 mA > - 1.0 V 
-VBEsat < 1.7 1.5 V 

D.C. current gain 1) 

20 -IC =1.OmA;-VCE =0.5V hFE ~~ 
~~ 

-IC = 10 mA; -VCE = 0.3 V hF E > 30 30 

-IC = 30 mA; -VCE = 0.5 V hF E 40 to 150 40 to 120 

-IC = 30 mA; -VCE = 0.5 V;Tamb=-55°C hFE > 17 20 

-IC =l00mA;-VCE =1.OV hF E > 25 30 

Collector capacitance at f = 140 kHz 

I E = Ie = 0; -VCB = 5.0 V Cc 6.0 4.5 pF 

Emitter capacitance at f = 140 kHz 

IC = Ic = 0; -VEB = 0. 5 V Ce

h parameter at f = 100 MHz (common emitter) 

< 6.0 

> 4.0 

6.0 pF 

8.0 -IC = 30 mA; -VCE = 10 V hfe

1) Pulse duration = 300 µs; duty cycle = 0.01 
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2 N 2894 
2N2894A 

Switching times Tam  = 25 ° C unless otherwise specified 

-IC = 30 mA; -Igl = +IB2 = 1.5 mA 2N2894 2N2894A 

Turn-on time ton < 60 60 ns 

Turn-off time toff 90 35 ns 

Test circuit: 

r.ur. 

V, 
t on:-7V 
t,ff:+6V 

O.1NF 2kL1 

700A 

ton ° +3V 
toff ~-4V 

6211 

926040 
-YCC-2V 

Pulse generator: Sampling scope: 

Pulse duration tp
Rise time tr
Output impedance Zo

200 ns 
< 1 ns 
= 50 2 

Rise time tr < 1 ns 
Input impedance Zi = 100 k52 

4 March 1971 



2 N 2894 
2N2894A 

Switching times (continued) Tamb = 25 ° C unless otherwise specified 

Turn-on time 2N2894A ton < 20 ns 

Turn-off time 2N2894A toff < 25 ns 

Storage time 2N2894A TS < 20 ns 

Test circuit: 

Pulse generator: 

Pulse duration = 400 ns 
Rise time < 1 ns 
Output impedance = 50 S2 

ton 

toff 

TS

Vee ]Z 6040] 
—Vcc=3V 

Sampling scope: 

Rise time < 1 ns 
Input impedance = 100 k2 

Vi
((l~ 

VBB
(V) 

R1
(S2) 

R2
(kS2) 

R3
(k2) 

—IC 
(mA) 

—IBl 
(mA) 

IB2 
(mA) 

C 
(µF) 

—6.85 0 94 1.0 2.0 30 3.0 — 0.1 

11.7 —9. 85 94 1.0 2.0 30 3.0 3, 0 0. 1 

10 —11 270 0.5 0.5 10 10 10 0.33 
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2N2904 
2N2904 A 

P-N-P MEDIUM POWER 
GENERAL PURPOSE TRANSISTORS 

P -N-P silicon planar epitaxial transistors in aT0-39metal envelope with the 
collector connected to the case. These transistors are primarily intended for 
saturated switching and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -VCgp max. 60 V 

Collector-emitter voltage (open base) 

2N2904 -VCEO max. 40 V 

2N2904A -VCEO max. 60 V 

Collector current (d. c. ) -IC max. 0.6 A 

Total power dissipation up to Tam = 25 oC Ptot max. 0.6 W 

Junction temperature T~ max. 200 °C 

Transition frequency 

-IC = 50 mA; -VCE = 20 V fT > 200 MHz 

D.C. current gain at T~ = 25 ° C 2N2904 2N2904A 

-IC = 0.1 mA; -VCE = 10 V hFE > 20 40 

-IC = 10 mA; -VCE = 10 V hFE > 35 40 

-IC = 500 mA; -VCE = 10 V hFE > 20 40 

MECHANICAL DATA 

max I~ 450-►
Collecter connected ,~ 
to case 

TO-39 10 
max 

~- 5.1 

9.4 
max 

max.lead diameter is guaranteed only for 12.7 mm 

8.5 
max 

Dimensions in mm 

,~~  +0.48 
}max 

0 

6.6~~-127_ 
max min 7Z 59322 

Accessories available: 56218, 56245, 56265 
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2N2904 
2N2904A 

RATINGS (Limiting values) 1) 

Voltage s 

Collector-base voltage (open emitter) -VCBO max. 60 V 

Collector-emitter voltage (open base) 
-IC < 100 mA 

2N2904 - VCEO max. 40 V 

2N2904A - VCEO max. 60 V 

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

Current 

Collector current (d. c. ) -IC max. 0.6 A 

Power dissipation 

Total power dissipation up to Tam = 25 oC Ptot max. 0. 6 W 

up to Tcase = 25 ° C Ptot max. 3 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 290 °C/ W 

From junction to case Rth j -c 58 °C/ W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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2N2904 
2N2904A 

CHARACTERISTICS TJ = 25 oC unless otherwise specified 

Collector cut-off current 2N2904 2N2904A 

IE=O;-VCB=50V -ICBO < 20 10 nA 

IE=O; -VCB=50 V;T~=150°C -ICBO < 20 10 µA 
r.—..--

< 50 nA +VBE = 0.5 V; -V Cg = 30 V - ICEX 

Breakdown voltages 

IE = 0; -IC = 10 µA - V(BR)CBO > 60 V 

IB = 0; -IC = 10 mA 2N2904 - V(BR)CEO > 40 V 

2N2904A - V(BR)CEO > 60 V 

IC = 0; -IE = 10 µA - V(BR)EBO > 5 V 

Saturation voltages I ) 

-IC = 150 mA; -Ig = 15 mA - VCE sat 
- VBEsat 

< 0.4 V 
< 1.3 V 

-IC =500 mA; -Ig = 50 mA - VCE sat 
- VBEsat 

< 1.6 V 
< 2.6 V 

D.C. current gain 2N2904 2N2904A 

-IC = 0.1 mA; -VCE = i0 V hFE > 20 40 

-IC = 1 mA; -VCE = 10 V hFE > 25 40 

-IC = 10 mA; -VCE = 10 V hFE > 35 40 
> 40 40 

-IC = 150 mA; -VCE = 10 V I) hFE < 120 120 
-IC =500 mA; -VCE = 10 V I j hFE > 20 40 

Collector capacitance at f = 100 kHz 

Cc < 8 pF IE = Ie = 0; -VCg = 10 V 

Emitter capacitance at f = 100 kHz 

IC = Ic = 0; -VEg = 2 V Ce < 30 pF 

Transition frequency 

-IC =50mA; -VCE=20V fT 200 MHz 

I) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t _< 300 µs; duty cycled _< 0.02. 
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2N2904 
2N2904A 

CHARACTERISTICS (continued) 

Switching times 

Turn on time when switched to -IC =150 mA; -Ig =15 mA 

delay time 
rise time 
turn on time 

Test circuit: 

Vi 

9209530 

1kd1 

2oo,n 

Pulse generator: Frequency 

Pulse duration 

Rise time 
Output impedance 

—30Y 

T~ = 25 oC unless otherwise specified 

td < 10 ns 

tr < 40 ns 
ton < 45 ns 

v;

—16V 

 ----
9zo9ao3 t

• F 

90% 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi = 10 MS2 

f = 150 Hz 

tp = 200 ns 
t r < 2 ns 
Zo = 50 S2 

Turn off time when switched from 
—IC = 150 mA; —IB = 15 mA to cut-off with +ISM = 15 mA 

storage time 
fall time 
turn off time 

Test circuit: 

1k11 

is < 80 ns 

tf < 30 ns 

toff < 100 ns 

v; 

—30V 

9zo»oa 
— —  90% 

. tp ' 

Oscilloscope: 

Rise time tr < 5 ns 
Input impedance Zi = 10 MS2 

Pulse generator: Frequency f = 150 Hz 
Pulse duration tp = 200 ns 

Rise time tr < 2 ns 
Output impedance Zo = 50 Sl 

-} June 196fi 



2N2905 
2N2905A 

P -N -P MEDIUM POWER 
GENERAL PURPOSE TRANSISTORS 

P -N-P silicon planar epitaxial transistors in aT0-39 metal envelope with the 
collector connected to the case. These transistors are primarily intended for 
saturated switching and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -VCBp max. 60 V 

Collector -emitter voltage (open base) 

2N2905 —VCEO max. 40 V 

2N2905A —VCEO max. 60 V 

Collector current (d. c. ) -IC max. 0.6 A 

Total power dissipation up to Tam = 25 °C Ptot max. 0.6 W 

Junction temperature TJ max. 200 °C 

Transition frequency 

-IC = 50 mA; -VCg = 20 V fT > 200 MHz 

D.C. current gain at TJ = 25 °C 2N2905 2N2905A 

-IC = 0.1 mA; -VCE = 10 V hFE > 35 75 

-IC = 10 mA; -VCE = 10 V hFE > 75 100 

-IC = 500 mA; -VCE = 10 V hFE > 30 50 

MECHANICAL DATA 

Collecter connected max \45 °"~ 

to case '~ 

TO-39 
t.o / 

max 

f 5.1 

~ 9.4 ~ 
max 

max.lead diameter is guaranteed only for 12.7 mm 

a.s 
max 

Dimensions in mm 

6.6 ~I~- 12.7 _~ 
max min 7Z 59322 

Accessories available: 56218, 56245, 56265 
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2N2905 
2N2905A 

RATINGS (Limiting values) 1) 

Voltage s 

Collector-base voltage (open emitter) —VCBO max. 60 V 

Collector-emitter voltage (open base) 
—IC < 100 mA 

2N2905 —VCEO max. 40 V 

2N2905A —VCEO max. 60 V 

Emitter -base voltage (open collector) —Vggp max. 5 V 

Current 

Collector current (d. c. ) —I C max. 0.6 A 

Power dissipation 

Total power dissipation up to Tam = 25 °C Ptot max. 0. 6 W 

up to Tcase = 25 ° C Ptot max. 3 W 

Temperatures 

Storage temperature Tstg —65 to +200 ° C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 290 °C/ W 

From junction to case Rth j -c - 58 ° C/ W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



2N~905 
2N2905A 

CHARACTERISTICS T~ = 25 °C unless otherwise specified 

Collector cut-off current 2N2905 2N2905A 

IE = 0; -V CB = 50 V - ICBO < 20 10 nA 

IE = 0; -VCg = 50 V; T) = 150 °C -I~p < 20 10 µA 

+VBE = 0.5 V; -VCE = 30 V - ICEX < 50 nA 

Breakdown voltages 

IE = 0; -IC = 10 µA - V(BR~BO > 60 V 

Ig = 0; -IC = 10 mA 2N2905 -V~gR)CEO > 40 V 

2N2905A - V(gR~EO > 60 V 

IC = 0; -IE = 10 µA - V(BR)EBO > 5 V 

Saturation voltages 1) 

- VCEsat 
- VBEsat 

< 0.4 V 
< 1.3 V 

-IC = 150 mA; -IB = 15 mA 

-IC =500 mA; -IB = 50 mA - VCEsat 
- VBEsat 

< 1.6 V 

< 2.6 V 

D.C. current gain 2N2905 2N2905A 

-IC = 0.1 mA; -VCE = 10 V hFE > 35 75 

-IC = 1 mA; -VCE = 10 V hFE > ~ 100 

-IC = 10 mA; -VCE = 10 V hFE > 75 100 

-IC = 150 mA; -VCE = 10 V 1) hFE > 100 
< 300 

100 
300 

-IC =500 mA; -VCE = 10 V 1) hFE > 30 50 

Collector capacitance at f = 100 kHz 

< 8 pF IE =Ie =O;-VCg=10V 

Emitter capacitance at f = 100 kHz 

Ce < 30 pF IC = Ic = 0; -VEg = 2 V 

Transition frequency 

fT > 200 MHz -IC = 50 mA; -VCE = 20 V 

1) Measured under pulsed conditions to avoid excessive dissipation. 

Pulse duration t _< 300 µs; duty cycle b _< 0.02. 

~, 
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2N2905 
2N2905A 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

Switching times 

Turn on time when switched to -IC = 150 mA; -Ig = 15 mA 

delay time 
rise time 
turn on time 

Test circuit: 

1kA 

Vj 

td < 10 ns 
tr < 40 ns 
ton < 45 ns 

~~ 1 
—16V 

1 
rzonoa t

~
—P 

► 

  90 % 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi 10 MS2 

Pulse generator: Frequency f = 150 Hz 

Pulse duration tp = 200 ns 
Rise time tr  5 2 ns 
Output impedance Zo = 50 S2 

Turn off time when switched from 

-IC = 150 mA; -IB = 15 mA to cut-off with +Igyl = 15 mA 

Test circuit: 

storage time is < 80 ns 

fall time tf < 30 ns 

turn off time toff < 100 ns 

v; 
I 

—30V 

  90 % 
~zo~aon t

I~ P  ~ 

Oscilloscope: 
Rise time tr  S 5 ns 
Input impedance Zi = 10 MS2 

Pulse generator: Frequency f = 150 Hz 

Pulse duration tp = 200 ns 

Rise time tr _< 2 ns 
Output impedance Z o = 50 SZ 

4 June 1968 



2 N 2906 
2 N2906A 

P-N-P MEDIUM POWER 

GENERAL PURPOSE TRANSISTORS 

P-N -P silicon planar epitaxialtransistors ina TO-18 metal envelope with the collec-
tor connected to the case. These transistors are primarily intended for saturated 
switching and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max. 60 V 

Collector -emitter voltage (open base) 

2N2906 -VCEO max. 40 V 

2N2906A 
-VCEO max. 60 V 

Collector current (d.c.) -IC max. 0.6 A 

Total power dissipation up to Tamb = 25 oC Ptot max. 0.4 W 

Junction temperature T~ max. 200 ° C 

Transition frequency at f = 100 MHz 

-IC = 50 mA; -VCE = 20 V ; Tamb = 25 ° C f-r > 200 MHz 

D.C. current gain at T~ = 25 °C 2N2906 2N2906A 

-IC = 0.1 mA; -VCE = 10 V hF E > 20 40 

-IC = 10 mA; -VCE = 10 V 
hF E > 35 40 

-IC = 500 mA; -VCE = 10 V 
hFE > 20 40 

MECHANICAL DATA 

Collector connected to case 

TO-18 ~16~145° 

a 
E 
W 

Accessories available: 56246, 56263 

Dimensions in mm 

E 

 —

O

}
T

 ~ I 

X5.3'^°~ f  12.7 min ~ 
s zoevis 
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2N2906 
2N2906 A 

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

Voltages 

Collector -base voltage (open emitter) —VCBO max. 60 V 

Collector -emitter voltage (open base) 
—IC < 100 mA 

2N2906 —VCEO max. 40 V 

2N2906A —VCEO max. 60 V 

Emitter-base voltage (open collector} —VEBO max. S V 

Current 

Collector current (d.c.) —IC max. 0.6 A 

Power dissipation 

Total power dissipation up to Tamb - 25 °C Ptot max. 0.4 W 

up to Tcase = 25 ° C Ptot max. 1.8 W 

Temperatures 

Storage temperature Tstg —65 to +200 °C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a = 438 ° C/W 

From junction to case Rth a J -
= 97 °C/W 

2 August 1969 



2 N2906 
2N2906A 

CHARACTERISTICS 

Collector cut-off current 

IE = 0; -VCB = 50 V 

IE = 0; -VCB = 50 V; T~ = 150 ° C 

+VBE =0.5 V; -VCE =30V 

Breakdown voltages 

IE = 0; -IC = 10 µA 

IB = 0; -IC = 10 mA 

IC = 0; -IE = 10 µA 

Saturation voltages 1) 

-IC = 150 mA; -IB = 15 mA 

-IC = 500 mA; -IB = 50 mA 

D.C. current gain 

T~ = 25 ° C unless otherwise specified 

2N2906 

2N2906A 

2N2906 2N2906A 

-ICBO < 20 10 nA 

-1CB0 < 20 10 µA 

-10EX < 50 nA 

-V(BR)CBO > 60 V 

- V(BRjCEO > 40 V 

- V(BR)CEO > 60 V 

- V(BR)EBO > 5 V 

-VCEsat < 0.4 V 

- V BE sat < 1.3 V 

-VCEsat < 1.6 V 

- VBEsat < 2.6 V 

2N2906 2N2906A 

-IC = 0.1 mA; -VCE _ lOV 

-IC = 1 mA; -VCE _ lOV 

-IC = 10 mA; -VCE _ 10 V 

-IC = 150 mA; -VCE _ 10 V 1j 

hFE 

hFE 

hFE 

hFE 

> 

> 

> 
> 
< 

20 

25 

35 
40 
120 

40 

40 

40 
40 
120 

-IC = 500 mA; -VCE _ 10 V 1) hFE > 20 40 

Collector capacitance at f = 100 kHz 

Cc < 8 pF IE = Ie = 0; -VCB = 10 V 

Emitter capacitance at f = 100 kHz 

IC =Ic =O;-VEB =2V Ce < 30 pF 

Transition frequencyat f = 100 MHz 

-IC = 50 mA; -VCE = 20 V ; Tamb = 25 ° C fT > 200 MHz 

1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t 5 300 µs; duty cycle S 5 0.02. 

August 1970 3 



2N2906 
2N2906A 

CHARACTERISTICS (continued) 

Switching times 

Turn on time when switched to -IC = 150 mA; -IB = 15 mA 

delay time 
rise time 
turn on time 

Test circuit: -30V 

V, 

~mssw 

tk11 

200.(] 

Pulse generator: Frequency f = 150 Hz 
Pulse duration tp = 200 ns 
Rise time tr _< 2 ns 
Output impedance Zo 50 S2 

T~ = 25 oC unless otherwise specified 

td < 10 ns 

tr < 40 ns 
ton < 45 ns 

V, 

—16V 

iiovwo 
l- - —  90% 

tp 

Oscilloscope: 
Rise time [r < 5 ns 
Input impedance Zi = 10 MS2 

Turn off time when switched from 
-IC = 150 mA; -IB = 15 mA to cut-off with +IBM = 15 mA 

storage time 
fall time 
turn off time 

Test circuit: 

1k11 

Pulse generator: Frequency f = 150 Hz 
Pulse duration tp = 200 ns 
Rise time tr < 2 ns 
Output impedance Zo = 50 S2 

is < 80 ns 
tf < 30 ns 

toff < 100 ns 

—30V 

m~ua 
tp 

90 % 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi = 10 MSl 

4 August 1969 



2N2907 
2N2907A 

P-N-P MEDIUM POWER 
GENERAL PURPOSE TRANSISTORS 

P-N-P silicon planar epitaxial transistorsinaTO-18 metal envelope with the collec-
tor connected to the case. These transistors are primarily intended for saturated 
switching and driver applications for industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) 

Collector-emitter voltage (open base) 

2N2907 

-VCBO 

-VCEO 

-VCEO 

-IC

Ptot 

max. 60 

max. 40 

max. 60 

max. 0.6 

max. 0.4 

V 

V 

V 

A 

W 

2N2907A 

Collector current (d.c.) 

Total power dissipation up to Tamb = 25 °C 

Junction temperature -T~ max. 200 °C 

Transition frequency at f = 100 MHz 

-IC = 50 mA; -VCE = 20 V; Tamb = 25 ° C fT > 200 MHz 

D.C. current gain at T~ = 25 °C 2N2907 2N2907A 

-IC =O.1mA;-VCE =10V hFE > 35 75 

-IC = 10 mA; -VCE = 10 V hFE > 75 100 

-IC = 500 mA; -VCE = 10 V hF E > 30 50 

MECHANICAL DATA 

Collector connected to case 
TO-18 o}

~~ 145°~~ 
~•,~ ~/ ',

~~ 
~~o T~~~ o 

c ~ "

~2~~.54//
H—► 

5.8ma><

Accessories available: 56246, 56263 

5.3'^°'

Dimensions in mm 

12.7'^"' __ 
)ZO B)1i 
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2N 2907 
2N 2907A 

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

Voltages 

Collector -base voltage (open emitter) —VCBO max. 60 V 

Collector -emitter voltage (open base) 
—IC < 100 mA 

ZN2907 —VCEO max. 40 V 

2N2907A —VCEO max. 60 V 

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

Current 

Collector current (d.c.) —IC max. 0.6 A 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 0.4 W 

up to Tcase = 25 °C Ptot max. 1.8 W 

Temperatures 

Storage temperature Tstg —65 [o +200 °C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 438 oC/W 

From junction to case Rth j -c 97 °C/W 

2 July 1969 



2N2907 
2N2907A 

cxnRACTExisTTcs T~ = 

Collector cut-off current 

25 oC unless otherwise 

2N2907 

specified 

2N2907A 

IE = 0; -VCB = 50 V -ICBO < 20 10 nA 

IE = 0; - VCB = 50 V; T~ = 150 °C -ICBO < 20 10 µA 

+VBE = 0.5 V; -VCg = 30 V - IC EX 50 nA 

Breakdown voltages 

IE = 0; -IC = 10 µA -V(BR)CBO > 60 V 

IB = 0; -IC = 10 mA 2N2907 - V(BR)CEO > 40 V 

2N2907A - V(BR)CEO > 60 V 

IC = 0; -IE = 10 µA -V(BR)EBO > 5 V 

Saturation voltages I) 

-IC = 150 mA; -IB = 15 mA - VCEsat 
- VBEsat 

< 0.4 V 
< 1.3 V 

-IC = 500 mA; -IB = 50 mA - VCEsat 
-VBEsat 

< 1.6 V 
< 2.6 V 

D.C. current gain 2N2907 2N2907A 

-IC = 0.1 mA; -VCE = 10 V hFE > 35 75 

-IC = 1 mA; -VCE = 1C V hFE > 50 100 

-IC = 10 mA; -VCE = 10 V hFE > 75 100 

-IC = 150 mA; -VCE = 10 V I) 
hFE 

> 100 
< 300 

100 

300 
-IC = 500 mA; -VCE = 10 V I) hFE > 30 50 

Collector capacitance at f = 100 kHz 

Cc < 8 pF IE = Ie = 0; -VCB = 10 V 

Emitter capacitance at f = 100 kHz 

IC =Ic =O; -VEB =2V Ce < 30 pF 

Transition frequency at f = 100 MHz 

-IC = 50 mA; -VCE = 20 V ; Tamb = 25 ° C fT > 200 MHz 

I) Measured under pulsed conditions to avoid excessive dissipation. 

Pulsed duration t < 300 µs; duty cycle b < 0.02. 

~~ 
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2N2907 
2N2907A 

CHARACTERISTICS (continued) 

Switching times 

Turn on time when switched to -IC = 150 mA; -IB = 15 mA 

delay time 
rise time 
turn on time 

Test circuit: 

1k11 

Vj 

Pulse generator: Frequency f = 150 Hz 
Pulse duration tp = 200 ns 
Rise time tr _< 2 ns 

Output impedance Zo = 50 S2 

Turn off time when switched from 

-IC = 150 mA; -I B = 15 mA to cut-off with +IBM = 15 mA 

v;

T~ = 25 oC unless otherwise specified 

td < 10 ns 
tr < 40 ns 
ton < 45 ns 

-lsv 

vzovwo 
tp 

9096 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi = LO MS2 

Test circuit: 

storage time t, < 80 ns 

fall time tf < 30 ns 

turn off time toff < 100 ns 

1kL1 

Pulse generator: Frequency f = 150 Hz 

Pulse duration tp = 200 ns 

Rise time tr  < 2 ns 

Output impedance Zo = 50 S2 

V; 

-30V l --  90% 

tp 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi = 10 MS2 

4 July. 1969 



2N3133 
2N3134 

P-N-P MEDIUM POWER 
GENERAL PURPOSE TRANSISTORS 

P -N -P silicon planar epitaxial transistors in aT0-39 metal envelope with the 
collector connected to the case. These transistors are primarily intended for 

high speed saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) -VCBO max. 50 V 

Collector -emitter voltage (open base) -VCEO max. 35 V 

Collector current (d.c.) -IC max. 0.6 A 

Total power dissipation up to Tamb = 25 oC Ptot max. 0.6 W 

Junction temperature T~ max . 200 oC 

Transition frequency 

-IC = 50 mA; -VCg = 20 V fT > 200 MHz 

D.C. current gain at TJ = 25 oC 2N3133 2N3134 

-IC = 1 mA; -VCg = 10 V hgg > 25 50 

-IC = 150 mA; -VCg = 1 V hpE > 10 25 

-IC = 150 mA; -VCg = 10 V hFg 40 to 120 100 to 300 

MECHANICAL DATA Dimensions in mm 

Collector connected to case 
0.86 ~r 450-► 

TO-39 max 
/\ e 

b 

1.0 J B.5 
max R max 

r. c 

+ 5.1 

~ _ 9.4 —► 
max 

,-~  +0.48 
~ max 

0 

6.6 ~ 
max 

O 

~_t27 ,.
min 9259322 

max.lead diameter is guaranteed only for 12.7 mm 

Accessories available: 56218, 56245, 56265 

August 1970 1 



2N3133 
2N3134 

RATINGS (Limiting values) 1) 

Voltages 

Collector -base voltage (open emitter) - VCBO max . 50 V 

Collector -emitter voltage (open base) 
—IC < 600 mA - VCEO max . 35 V 

Emitter -base voltage (open collector) - VEBO max . 4 V 

Current 

Collector current (d.c.) -IC max. 0.6 A 

Power dissipation 

Total power dissipation up to Tamb - 25 oC Ptot max. 0.6 W 

up to Tcase- 25 ° C Ptot max. 3 W 

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 290 oC/W 

From junction to case Rth j -c 58 oC/W 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 June 1968 



2N3133 
2N3134 

CHARACTERISTICS Tj = 

Collector cut-off current 

25 °C unless otherwise specified 

IE = 0; -VCg = 30 V -ICBO < 50 nA 

IE = 0; -VCg = 30 V; Tj = 150 °C -1CB0 < 30 µA 

Currents at reverse biased emitter junction 

+Vgg = 0.5 V; -VCg = 30 V - ICEX < 0.1 µA 

+VBg = 0.5 V; -VCE = 30 V +IBEX < 0.1 µA 

Breakdown voltages 

Ig = 0; -IC = 10 µA - V(BR)CBO > 50 V 

Ig = 0; -IC = 10 mA -V(6R)CEO > 35 V 

IC = 0; -Ig = 10 µA - V(BR)EBO > 4 V 
.w —, 
—~ 

Saturation voltages 1) 

-IC = 150 mA; -Ig = 15 mA -VCEsat < 0.6 V 

- VBEsat < 1.5 V 

D.C. current gain 2N3133 2N3134 

-IC = 1 mA; -VCg = 10 V hpg > 25 50 

-IC = 150 mA; -VCg = 1 V hpg > 10 25 

-IC = 150 mA; -VCg = 10 V hpg 40 to 120 100 to 300 

Transition frequency 

-IC = 50 mA; -VCg = 20 V f-r > 200 MHz 

Collector capacitance at f = 100 kHz 

Cc < 10 pF IE = Ie = 0; -VCg = 10 V 

Emitter capacitance at f = 100 kHz 

Ce < 40 pF IC = Ic = 0; -Vgg = 2 V 

1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t < 300 µs; duty cycle S < 0.02. 

June 1968 3 



2N3133 
2N3134 

CHARACTERISTICS (continued) T~ = 25 oC unless otherwise specified 

Switching times 

Turn on time when switched to -IC = 150 mA; -Ig = 15 mA 

turn on time ton < 75 ns 

Test circuit: -3ov 

V, 

'/209510 

1k~Ci 

20041 

Pulse generator: Frequency 

Pulse duration 
Rise time 
Output impedance 

V; 
I 

—16V 

~ 90 % ..o.~ 3 i. tP ~ 

Oscilloscope: 
Rise time tr < 5 ns 
Input impedance Zi = 10 MSZ 

f = 150 Hz 

tp = 20o ns 
tr < 2 ns 
Zo = 50 S2 

Turn off time when switched from 
-IC = 150 mA; -Ig = 15 mA to cut-off with +IgM = 15 mA 

turn off time 

Test circuit: 

Pulse generator: Frequency 
Pulse duration 
Rise time 
Output impedance 

V; 

toff < 150 ns 

noiaoz 
tp 

Oscilloscope: 
Rise time 
Input impedance 

f = 150 Hz 
tp = 200 ns 

tr < 2 ns 
Zo = 50 S2 

90% 

tr < 5 ns 
Z i = 10 MS2 

4 June 1968 



2N3303 
2N3426 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N -P -ITT transistors in a TO -39 (reducedheight)metalenvelope with the collectorcon-
nected to the case. They are intended for very high speed switching capability in 
high current applications. 

QUICK REFERENCE DATA 

Collector -base voltage (open emitter) VCBO max. 25 V 

Collector -emitter voltage (open base) VCEO max. 12 V 

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

Total power dissipation up to Tcase = 25 ° C Ptot max. 3 W 

Junction temperature 

Collector -emitter saturation voltage 
IC = 100 mA; IB = 10 mA 

D. C. current gain at TJ = 25 ° C 
IC = 300 mA; VCE = 0.5 V 

Transition frequency 
IC = 100 mA; VCE = 5 V; f =100 MHz 

Storage time when switched from 
IC = IB1 = —IB2 = 100 mA 

TJ 

VCEsat 

hgE 

fT 

T s

max. 200 

< 230 

30 to 120 

> 450 

< 15 

°C 

mV 

MHz 

ns 

MECHANICAL DATA 

TO -39 (reduced height) 

Collector connected to case 

0 
E 

3,4max

io 

io 

0 

127min 
nnoss 

Dimensions in mm 

0 
E 

C 

max. lead diameter is guaranteed only for 12. 7 mm 

Accessories supplied on request: 56218 

April 1971 1 



2N3303 
2N3426 

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

Voltage s 

Collector -base voltage (open emitter) VCBO max. 25 V 

Collector -emitter voltage (open base) 
IC = 0. 1 to 30 mA VCEO max. 12 V 

Emitter -base voltage (open collector) VEBO max. 4 V 

Current 

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

Power dissipation 

Total power dissipation up to Tamb = 25 ° C Ptot max. 0. 6 W 
up to Tcase = 25 ° C Ptot max. 3 W 

Temperatures 

Storage temperature Tstg -65 to +200 °C 

Junction temperature Tj max. 200 ° C 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 290 ° C/W 

From junction to case Rth j-c = 58 oC/W 

2 April 1971 



2N3303 
2N3426 

CHARACTERISTICS T~ 

Collector cut-off currents 

= 25 °C unless otherwise specified 

VBE = 0; VCE = 15 V ICES ~ 100 µA 

Base current 

—IBES < 100 µA VBE = 0; VCE = 15 V 

Breakdown voltages 

IE = 0; IC = 0. 5 mA V(BR)CBO > 25 V 

IC = 0; IE = 0. 1 mA V(BR)EBO > 4 V 

Sustaining voltage 1) 

VCEOsust > 12 V Ig = 0; IC = 30 mA 

Saturation voltages 

IC = 10 mA; Ig = 1 mA VCEsat 
< 0.25 V 

VBEsat 
< 0.78 V 

IC =l00mA;Ig= lOmA l ) VCEsat < 0. 23 V 

VBEsat < 1. 10 V 

IC = 300 mA; IB = 30 mA 1) VCEsat < 0.33 V 

VBEsat < 1.30 V 

2N3303 2N3426 

IC = 300 mA; IB = 30 mA; Tam = 125 ° C 1) VCEsat < 0.5 — V 

IC = 300 mA; IB = 30 mA; Tam = 85°C 1) VCEsat < — 0. 5 V 

IC =1000 mA; IB = 100 mA 1) VCEsat < 0. 7 0. 7 V 

VBEsat < 2. 1 0.9 to 2.1 V 

D.C. current gain 

IC = 10 mA; VCE = 0. 5 V hFE > 20 

IC =l00mA; VCE =0.5V 1) hFE > 30 

IC=300mA; VCE =0.5V 1) hF E 30 to 120 

IC = 300 mA; VCE = 0.5 V 
Tam  _ —55 °C 1) 2N3303 hFE > 10 

1) Measured under pulsed conditions to avoid excessive dissipation. 

Pulse duration t = 300 µs, 2N3303: S < 0.02 
2N3426: S = 0.01 

April 1971 3 



2N3303 
2N3426 

CHARACTERISTICS (continued) 

Collector capacitance at f = 140 kHz 

T~ = 25 °C unless otherwise specified 

IE = Ie = 0; VCB = 0 2N3426 Cc < 25 pF 

IE = Ie = 0; VCB = 5 V Cc < 15 pF 

Emitter capacitance at f = 140 kHz 

IC = Ic = 0; VEB = 0. 5 V Ce < 25 pF 

Transition frequency at f = 100 NIHz 

IC =l00mA;VCE =SV fT > 450 MHz 

IC = 500 mA; VCB = 0 2N3426 fT > 200 MHz 

Switching times 

Turn on time when switched from 

—VBE = 4 V to IC = 1 A; Ig = 100 mA turn on time ton < 15 ns 

delay time td < 5 ns 
2N 3426 { 

15 ns l rise time tr < 

Turn off time when switched from 

IC =lA;I B =0.lA 

to cut off with —IBM = 0. 1 A turn off timetoff < 25 ns 

storage time is < 20 ns 
2N3426 

fall time tf < 15 ns 

Test circuit: 

-4.0 V 

01pF 

+110V~ ~ 1.OUF 

loon 

t12V 

0 ~pF 
4.OpF 

nn 

oscil loscope 

~Z 6045'i 

Pulse generator: 

tp = 100 ns 
t r < 1 riS 

tf < 1 ns 
Zo = 50 S2 

Oscilloscope: 

Zi = 100 k52 
tr < 1 ns 

Y April 1971 



2N3303 
2N3426 

CHARACTERISTICS (continued) 

Storage time 

IC = Igl  = —I B2 = 0. 1 A 

Test circuit: 

t16V +SOV 

1.ONF 

-10V  
510 CI 

T~ = 25 °C unless otherwise specified 

oscilloscope 

7Z 60456 

Ts < 15 ns 

Pulse generator: 

tp = 100 ns 
tr < 1 ns 
Zo = 50 <? 

Oscilloscope: 

Zi = 100 k' 

tr < 1 ns 

i 

April 1971 J 





2N4036 

SILICON EPITAXIAL TRANSISTOR 

P -N-P transistor in a TO-39 metal envelope with the collector connected to the case. 
The transistor is intended for general industrial applications. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) -VCBO max. 90 V 

Collector-emitter voltage (open base) -VCEO max. 65 V 

Collector current (d, c. ) -IC max. 1.0 A 

Total power dissipation 
up to Tcase = 25 °C Ptot max. 5 W 

Junction temperature T~ max. 200 oC 

Collector-emitter saturation voltage 
-IC=150mA;-IB=15mA - VCEsat ~ 0.65 V 

D.C. current gain 
-IC = 150 mA; -VCg = 10 V 

Transition frequency at f = 20 MHz 
-IC =50mA;-VCE =10V 

hgE 40 to 140 

fT > 60 MHz 

MECHANICAL DATA 

TO-39 
Collector connected 
to case 

max I~ 45o r► 

1.0 
max 

5.1 

~ 9.4 ~ 
max 

8.5 
max 

Dimensions in mm 

o  +0.48 
max 

6.6 ~ 
max 

max. lead diameter is guaranteed only for 12. 7 mm. 

Accessories supplied on request: 56218, 56245, 56265. 

12 7 ~ 
min '!259322 

April 1971 i 



2N4036 

RATINGS Limiting values in accordance with the 

Voltages 

Absolute Maximum System(IEC134) 

Collector-base voltage (open emitter) - VCBO max. 90 V 

Collector-emitter voltage (open base) - VCEO max. 65 V 

Emitter-base voltage (open collector) - VEBO max. 7 V 

Currents 

Collector current (d. c. ) -IC max. 1. 0 A 

Base current (d. c.) -IB max. 0.5 A 

Power dissipation 

Total power dissipation up to Tcase - 25 ° C Ptot max. 5 W 

Temperatures 

Storage temperature Tstg -65 to +200 ° C 

Junction temperature Tj max. 200 °C 

THERMAL RESISTANCE 

From junction to case Rth j-c 35 °C/W 

2 April 1971 



2N4036 

CHARACTERISTICS 

Collector cut-off current 

Tj = 25 ° C unless otherwise specified 

IE = 0; —VCg = 60 V —ICBO < 20 nA 

+VgE = 1.5 V; VCE = 30V; Tcase = 150°C —ICEX < 100 NA 

Breakdown voltages 

Collector -base voltage 
IE = 0; —IC = 100 NA — V(BR)CBO 90 V 

Collector -emitter voltage 
+VgE=1.5V;—IC=100mA — V(BR)CEX > 85 V 

Emitter -base voltage 
IC = 0; IE = 100 NA — V(BR)EBO 7 V 

Collector -emitter sustaining voltage 

—VCEOsust > 65 V IB = 0; —IC = 100 mA 

Saturation voltage 

—IC=150mA;—IB=15mA —VC E sat 
—VBE sat 

< 
< 

0.65 
1.4 

V 
V 

D.C. current gain 

—IC=O.1mA;—VCE=10V hFE > 20 

—IC=150mA;—VCE=10V hFE 40 to 140 

—IC = 150 mA; VCE = 2 V hFE 20 to 200 

—IC = 500 mA; —VCE = 10 V hFE > 20 

Transition frequency at f = 20 MHz 

fT > 60 MHz —IC= 50mA;—VCE=10V 

Collector -base capacitance at f = 1 MHz 

Cc < 30 pF IE = Ie = 0; —VCg = 10 V 

April 1971 3 



2N4036 

Switching times 

Turn on time 
—IC = 150 mA; —IB _ +IBM = 15 mA 

rise time tr < 70 ns 

turn on time ton < 110 ns 

Turn off time 
—IC = 150 mA; —IB _ +IBM = 15 mA 

storage time is < 600 ns 

fall time tf < 100 ns 
turn off time toff < 700 ns 

Test circuit: 

oscilloscope 
channel A 

+4V 

lzon 

~, nSUF 
V; "~ 

0-~
 

~8V—

Pulse generator: 

f = 10 kHz 
tr < 10 ns 
tp = 20 N s 

12on 

100 100 
NF 

30011 

NF 

-30V 

+ ~ loon 

Oscilloscope: 

Z i = 1OM52 
Ci = 20 pF 
tr < 15 ns 

cal. operate 

7260126 

channel A 

V _ 

v°
oscilloscope 
channel B 

oscilloscope 
ground 

0  
-0.65 - 

30 -
Vo lV) 

time 

time 

td 

channel B 

-90% 

tr 

ton 

s ti 

toff 

10% 

7261311 

4 April 1971 
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INTRODUCTION 

Introduction 

All information on thermal resistances of the accessories combined with flat heat -
sinks is valid for square heatsinks of 1.5 mm blackened aluminium. 
For a few variations the thermal resistance may be derived as follows: 

a. Rectangular heatsinks (sides a and 2a) 

When mounted with long side horizontal, multiply by 0.95. 
When mounted with short side horizontal, multiply by 1.10. 

b. Unblackened or thinner heatsinks 

Multiply by the factor B given below as a function of the heatsink size A. 

7209250 

B ~~~~~~~~~~~~~~~~~~~~~~~~~i/~~~~~~~~f~~~~~~~~~~~~~~~~~~~~~~1~ 
//////////////////////////////////i//////////////////////:// 

1.4 ///////////////////////////////////////////////////~5i////// 
/\////\/////\///////////////////// ////////~es./i////////// 
iiiiiiiiiiiiiii

////////////.tuminium :!::ii7iiiiiiiiiiiiiiiii 
iiiiiiiiiilmm 

unblackened 
.■■//iii///////■ 

-.~/.Q//~~~~~~\//\/\/////\~\
///■ ///////////// 

//////////iii/////////\//////////////////////■ ///■■■■////// 

1.3 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~i■iiiii~ 
//////////////////////////////// ///////////■■/■/////~~.~ii 
/////////////////////////////■//~//////////////////!~■i///// 

............................ o■~-. 

1.2 

///////////////// 
////////// mm 

--..■■//iiii////////////////////////////////// 

plum'
.■//////////////////\////// unblackene.■/■ii/////////////////■////////// ~~~~~~~~~~ 1.5 

~iiiii///////////////////////////////////////////■ 

~~~~~~/~N~~~~r~~~~\~\~~~~~~~~~~~~~~~~~~~~/~~~~~~~~~~~~~~~~~ 

////////// 
/////////■ tmm blackened 

Aluminium ~//~~~~~~~~~~,~~~~~~~~~~~~ 
1.1 /////////■ ■■■//iiiii//////////■/■■■■■■■//// 

////////////o/// /////////////////////////////////////////■ 

0 5 10 15 ?0 25 
A (cm2) one side 

30 

August 1971 1 



56200 

COOLING FIN 
MECHANICAL DATA Dimensions in mm 

Fin material: brass, nickel plated 

THERMAL RESISTANCE 

From case to ambient with cooling fin only 
with heatsink 

Rth c-a 
(°C/W) 

100 

50 

7209166 
1.5mm Al; blackened 

11111\ N~~~ ~~~~~ ~~\ ~~ 
■ 

~~~\ 
~~~' 

~B, 

N~~.... 
N~~~6'  

00
■ 

20 A(cm2)40 
one side 

MOUNTING INSTRUCTIONS 

Rth c -a - 100 oC/W 
see graph 

~ u 

Torque on nut for good heat transfer: 5 cm kg 

M3 bolt 

washer 
cooling fin 

heatsink 

lock washer 

nut 

2 August 1969 



56201 

MOUNTING ACCESSORIES 

MECHANICAL DATA 
4 

1.85"'°" 
0 
d 

Henze 

mica washer 

3.2 

~ 0.5 

move 

3 plain washers 
material. brass, nickel plated 

0.4 

1.2 

mans ~-- 6---► 

2 lock washers, internal teeth 
material: steel, nickel plated 

THERMAL RESISTANCE 
From mounting base to heatsink with mica washer 

TEMPERATURES 

Maximum allowable temperature 

Dimensions in mm 

e~ J 

ttaen _  ~ 

M3 

2 cheese head screws, slotted 
material: brass, nickel plated 

 1 X3.8 

X7.5 

f 
4.5 

 ~~ 

¢3.1 

2 insulating bushes 

,:ae,e 

nonze., 

0.5 

soldering tag 

—►I 2.4 

3.5 

2 hexagon nuts 
material: brass, nickel plated 

Rth mb=h = 1.0 ° C/W 

Z'max = 150 °C 

August 1969 3 



56201 a 
56201 b 

56201a MICA WASHER AND 2 INSULATING BUSHES 

>_~ 

MECHANICAL DATA 

THERMAL RESISTANCE 

From mounting base to heats ink 

56201b 

MECHANICAL DATA 

—07.5 

LEAD WASHER 

Dimensions in mm 

-- 03.1 

~i

 J 

rzooze.i 

3.5 

Rth mb-h - 1.0 oC/W 

Dimensions in mm 

4 August 1969 



56201 c 
56201 d 

56201c INSULATING BUSH 

MECHANICAL DATA Dimensions in mm 

56201d 

03.e 

4.5 

(~ ~~ 

L 07.5 -+ 

MICA WASHER 

03.1 

rzoroxei 

MECHANICAL DATA Dimensions in mm 

THERMAL RESISTANCE 

From mounting base to heatsink Rth mb-h = 1.0 oC/W 

August 1969 . 5 



56201e 

MOUNTING ACCESSORIES 

MECHANICAL DATA 

mica washer 

lead washer 

'THERMAL RESISTANCE 

From mounting base to heatsink 
with mica washer only 
with mica washer and lead washer 

TEMPERATURE 

Maximum allowable temperature 

03.8 

f 
4.5 

 I~

Dimensions in mm 

03.1 

non:u 

07.5—~ 

2 insulating bushes 

3.5 

Rth mb-h = 1.0 oC/W 

Rth mb-h = 0.75 oC/W 

Tmax = 150 oC 

6 August 1969 



56201e 

MOUNTING INSTRUCTIONS 

nut 

lock washer +rre~ 
soldering tag  

holes max4mm — 
•~ u 

g 

9 
ox 

g 

gut 
lock washer 

lead washer 

mica washer 

heatsink 

insulating bush 

M3 bolt 

Torque on nut for good heat transfer : 5 cm kg 

Warning: A plain washer shall be inserted between M3 bolt and insulating bush to 
prevent this insulating bush from being damaged. 

4 —

August 1971 



56203 

MICA WASHER AND 2 INSULATING BUSHES 

~~ 

C 

MECHANICAL DATA 

THERMAL RESISTANCE 

From mounting base to heatsink 

TEMPERATURE 

Maximum allowable temperature 

MOUNTING INSTRUCTIONS 

n„t 
lock washer 
soldering tag 

holes max4mm 

Dimensions in mm 

~~ 

Rth mb-h - 1 .5 °C/W 

Tmax 

® ® nut 

w w lock washer 

8 

mica washer 

heatsink 

insulating bush 

M3 bolt 

= 150 oC 

Torque on nut for good heat transfer: 5 cmkg 

—. Warning: A plain washer shall be inserted between M3 bolt and insulating bush to 
prevent this insulating bush from being damaged. 

8 August 1971 



56207 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

7.5 

Fin material: aluminium, blackened 

THERMAL RESISTANCE 

From case to ambient with cooling fin only 
with heatsink 

7209187 

20 A(cm2)40 
one side 

MOUNTING INSTRUCTIONS 

Torque on M3 bolts for good heat transfer: S cmkg 

o ~ 
Rth c -a - 60 C W 

see graph 

May 1968 9 



56208 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

_~ 

~~ 

u 
THERMAL RESISTANCE 

Fin material: brass, nickel plated 

From case to ambient with cooling fin only 
with heatsink 

Rth c-a 
(°C/W) 

100 

50 

00 20 A(cm2)40 
one side 

7209188 

MOUNTING INSTRUCTIONS 

Rth c-a - 102 oC/W 
see graph 

Rth values apply to each transistor, provided the 
two transistors have been mounted so that the 
heat flow from each is equal. 

na~a 

Torque on nut for good heat transfer: 5 cmkg 

M3 bolt 

washer 
cooling fin 

heatsink 

lock washer 

(rTJ  nut 

10 May 1968 



56209 

COOLING FIN 

MECHANICAL DATA Dimensions in inm 

5.5 

Fin material: brass, nickel plated 

THERMAL RESISTANCE 

From case to ambient with coot~_ng fin only Rth c -a = 75 oC/W 

May 1968 11 



56210 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

55 

7.5 

THERMAL RESISTANCE 

Fin material: brass, nickel plated 

From case to ambient with cooling fin only 
with heats ink 

Rth c-a 
(°C/W) 

100 

50 

00 20 A(cm2)40 
one side 

7209169 

MOUNTING INSTRUCTIONS 

Rth c -a - 95 oC/W 
see graph 

n 

Torque on nut for good heat transfer: 5 cm kg 

M3 bolt 

washer 
cooling fin 

heatsin4 

lock washer 

nut 

12 May 1968 



56213 

MOUNTING ACCESSORIES 

MECHANICAL DATA 

v 

32 

mica washer 

t.e 

insulating ring 

lock washer internal teeth 

material: steel, nickel plated 

THERMAL RESISTANCE 

From mounting base to heatsink 

TEMPERATURE 

Maximum allowable temperature 

MOUNTING INSTRUCTIONS 

07

® ' 

miCO washef 

heatsink 
1»te mn~.Bmm 
nsulatirg ring 

cable lug 

lock WOShlf 

nUt 

Dimensions in mm 

0.5 

cable lug 
material: brass, nickel 

plated 

hexagon nut 
material: brass, nickel 
plated 

Rth mb-h - 

Tmax 

Torque on nut for good heat transfer: 17 cm kg 

Non insulated mounting; without items 1, 2 and 3. (3 if necessary) 

1 oC/W 

12~ oC 

August 1971 13 



56218 

MOUNTING ACCESSORIES 

MECHANICAL DATA 

22D 

top clamping washer 
of insulating material 

3 

THERMAL RESISTANCE 

r ~~~ 
22D 

~~,., ~~

bottom clamping washer 
material: brass, tin 

plated 

From mounting base to heatsink non insulated mounting 
insulated mounting 

TEMPERATURE 

Maximum allowable temperature 

MOUNTING INSTRUCTIONS 

® ® nit 

O I
u u 

top clamping washer 

Dimensions in mm 

02 ~  bottom clomping washer 

C mylar washer 

 ~~w heatsink 
^\ ~ ~\ hole min.7.5 mm 

\\~ Y ~\  mox.7.7 mm 
M 2.6 bolt 

i30931~ 

2.7 

mylar washer 

0.05 

Rth mb-h = 3 oC/W 

Rth mb-h = 6 oC/W 

Tmax = 100 oC 

Non insulated mounting; without items 2 and 3. (Note: item 1 must than be mounted 
up -side down) 

14 August 1969 



56226 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

u~ iia~ 
l2 

THERMAL RESISTANCE 

From case to ambient with cooling fin only 
with heats ink 

7209170 

20 A(cm2)40 
one side 

MOUNTING INSTRUCTIONS 

Fin material: brass, nickel plated 

Rth c -a = 100 oC/W 
see graph 

Rih values apply to each transistor, provided the 

two transistors have been mounted so that the heat 

flow from each is equal. 

c~c~
+eovu 

Torque on nut for good heat transfer: 5 cmkg 

M3 bolt 

washer 
tooling fin 

heatsink 
lock washer 

nut 

May 1968 1J 



56227 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

Fin material: brass, nickel plated 

THERMAL RESISTANCE 

From case to ambient with cooling fin only 
with heatsink 

7209171 

20 A(cm2)40 
one side 

MOUNTING INSTRUCTIONS 

Rth c -a - 100 oC/W 
see graph 

~~ u 

nauo 

Torque on nut for good heat transfer: 5 cmkg 

M3 bolt 

washer 
cooling fin 

heatsinN 

loch washer 

nut 

16 May 1968 



56239 
56245 56246 

MICA WASHER AND 2 INSULATING BUSHES 

56239 

MECHANICAL DATA 

32 

75f 25Vm 1

THERMAL RESISTANCE 

From mounting base to heatsink 

TEMPERATURE 

Maximum allowable temperature 

56245 

0 

~:ow~.0 
7.9 

—~, 03.8 ~--

I
I 
X07. 

DISTANCE DISCS 

Insulating 
material 

TEMPERATURE 

Maximum allowable temperature 

} 
35 

~~ 

Dimensions in mm 

~~0307~ ~ 

_  i 
2.5 

Rth mb-h = 1 , 5 oC/W 

Tmax 

56246 

5 

= 150 oC 

Insulating 
material 

Tmax = 100 °C 

August 1969 17 



56261 
56263 

2 INSULATING BUSHES 

56261 

MECHANICAL DATA Dimensions in mm 

56263 
MECHANICAL DATA 

20 

THERMAL RESISTANCE 

From case to ambient 

—~i 03.e 030 h--

I 

6 

 ~~ 
I 

COOLING FIN 
Dimensions in mm 

Fin material: copper, tin plated 

Rth c -a = 100 oC/W 

18 August 1969 



56265 

COOLING FIN 

MECHANICAL DATA Dimensions in mm 

25.1 

n 
O 

Fin material: aluminium, blackened 

THERMAL RESISTANCE 

From case to ambient with cooling fin only 

with heatsink 

7 2 0 9172 
Rth c-a 
(°C/W) 

100 

50 

00 20 A(cm2)40 
one side 

1.5mm Al; blackened 

., 
■~.~ 

~■■■. 

._ 
■~a~rtrt~~~~~~~~ ~~~~~ 

MOUNTING INSTRUCTIONS 

a) 

imnw 

Torque on nut for good heat transfer: 5 cm kg 

b) 

Rth c-a = 80 oC/W 
see graph 

M3 bolt 

washer 

cooling fin 

hole 7.5 to 77mm 
heatsink 

lock washer 

nut 

~. 

August 1969 19 



56302 
56303 

56302 MICA WASHER 

MECHANICAL DATA Dimensions in mm 

7210)47 
~~~

THERMAL RESISTANCE 

From mounting base to heatsink R[h mb-h 

56303 TORQUE WASHER 

6 oC/W 

MECHANICAL DATA Dimensions in mm 

0.4 
1.15 

MOUNTING INSTRUCTIONS 

Torque on nu[: min. 8 cm kg 
max. 9 cmkg 

screw M3 

  heotsink 

  lockwasher 

(~ nut (hex) 

n maw 

20 July I9~o 



INDEX 

INDEX OF TYPE NUMBERS 

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

Type No. Part Section Type No. Part Section Type No. Part Section 

AA119 1 D AEY16 4 Mw ASY80 3 Sw 

AAYlI 1 D AF114 3 HF ASZ15 2 P 

AAY21 1 D AF115 3 HF ASZ16 2 P 

AAY30 1 D AF116 3 HF ASZ17 2 P 

AAY32 1 D AF117 3 HF ASZ18 2 P 

AAY39 4 Mw AF118 3 HF ASZ20 3 Sw 
AAY39A 4 Mw AF121 3 HF ASZ21 3 Sw 
AAY59 4 Mw AF124 3 HF AYY10-120 1 R 
AAZ13 1 D AF125 3 HF BA100 1 D 
AAZ15 1 D AF126 3 HF BA102 1 Var 

AAZ17 1 D AF127 3 HF BA114 1 D 
AAZ18 1 D AF139 3 HF BA145 1 D 

AC125 2 LF AF178 3 HF BA148 1 D+R 

AC126 2 LF AF239 3 HF BA182 1 D 

AC127 2 LF AF239S 3 HF BA216 1 D 

AC127/O1 2 LF AF240 3 HF BA217 1 D 

AC128 2 LF AF267 3 HF BA218 1 D 

AC128/O1 2 LF AFY16 3 HF BA219 1 D 
AC132 2 LF AFY19 4 Tr BA220 1 D 
AC132/O1 2 LF AFY40 3 HF BA221 1 D 

AC172 2 LF AFZ12 3 HF BA222 1 D 

AC187 2 LF ASY26 3 Sw BAV10 1 D 

AC187/O1 2 LF ASY27 3 Sw BAV40 1 D 

AC188 2 LF ASY28 3 Sw BAV41 1 D 

AC188/O1 2 LF ASY29 3 Sw BAV42 1 D 

AD149 2 P ASY73 3 Sw BAV43 1 D 

AD161 2 P ASY74 3 Sw BAV45 1 D 
AD162 2 P ASY75 3 Sw BAW56 4 Mm 
AEY13 4 Mw ASY76 3 Sw BAW62 1 D 

AEY15 4 Mw ASY77 3 Sw BAW95D 4 Mw 

D =Signal diodes 
HF =High frequency transistors 
LF =Low frequency transistors 

Mm =Microminiature devices for 
thick- and thin-film circuits 

Mw =Microwave devices 

P =Low frequency power transistors 
R =Rectifier diodes 
Sw =Switching transistors 
Tr =Transmitting transistors 
Var =Variable capacitance diodes 

November 1971 1 



INDEX 

Type No. Part Section Type No. Part Section Type No. Part Section 

BAW95E 
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N

 

Mw BC308 2 LF BCY55 4 Dual 
BAW95F Mw BC309 Z LF BCY56 2 LF 
BAX12 D BC327 2 LF BCY57 2 LF 
BAX13 D BC328 2 LF BCY58 2 LF 
BAX15 D BC337 2 LF BCY59 2 LF 

BAX16 D BC338 2 LF BCY70 2 LF 
BAX17 D BCW29 4 Mm BCY71 2 LF 
BAX18 D BCW30 4 Mm BCY72 2 LF 
BAX78 D BCW31 4 Mm BCY87 4 Dual 
BAY38 D BCW32 4 Mm BCY88 4 Dual 

BAY66 Mw BCW33 4 Mm BCY89 4 Dual 
BAY96 Mw BCW46 2 LF BCZ10 2 LF 
BB104 Var BCW47 2 LF BCZ11 2 LF 
12-BB105 Var BCW48 2 LF BCZ12 2 LF 
12-BB106 Var BCW49 2 LF BD115 2 P 

BB110 Var BCW56 2 LF BD124 2 P 
BB117 Var BCW57 2 LF BD131 2 P 
BC 107 LF BCW58 2 LF BD132 2 P 
BC108 LF BCW59 2 LF BD1.33 2 P 
BC109 LF BCW69 4 Mm BD135 2 P 

BC 146 LF BCW70 4 Mm BD136 2 P 
BC147 LF BCW71 4 Mm BD137 2 P 
BC148 LF BCW72 4 Mm BD138 2 P 
BC149 LF BCY10 2 LF BD139 2 P 
BC157 LF BCY11 2 LF BD140 2 P 

BC158 LF BCY12 2 LF BD181 2 P 
BC159 LF BCY30 2 LF BD182 2 P 
BC177 LF BCY31 2 LF BD183 2 P 
BC178 LF BCY32 2 LF BDY20 2 P 
BC 179 LF BCY33 2 LF BDY38 2 P 

BC200 LF BCY34 2 LF BDY60 2 P 
BC237 LF BCY38 2 LF BDY61 2 P 
BC238 LF BCY39 2 LF BDY90 2 P 
BC239 LF BCY40 2 LF BDY91 2 P 
BC307 LF BCY54 2 LF BDY92 2 P 

D =Signal diodes 
Dual =Dual transistors 
LF =Low frequency transistors 
Mm =Microminiature devices for 

thick- and thin-film circuits 

Mw =Microwave devices 
P =Low frequency power devices 
Var =Variable capacitance diodes 

2 November 1971 



INDEX 

Type No. Part Section Type No. Part Section Type No. Part Section 

BF 115 3 HF BFS20 4 Mm BLY83 4 Tr 
BF 167 3 HF BFS21 4 FET BLY84 4 Tr 
BF 173 3 HF BFS21A 4 FET BLY87A 4 Tr 
BF 177 3 HF BFS22A 4 Tr BLY88A 4 Tr 
BF 178 3 HF BFS23A 4 Tr BLY89A 4 Tr 

BF 179 3 HF BFS28 4 FET BLY90 4 Tr 
BF 180 3 HF BFS92 3 HF BLY91A 4 Tr 
BF 181 3 HF BFS93 3 HF BLY92A 4 Tr 
BF182. 3 HF BFS94 3 HF BLY93A 4 Tr 
BF 183 3 HF BFS95 3 HF BLY94 4 Tr 

BF 184 3 HF BFW10 4 FET BPX25 4 PhDT 
BF 185 3 HF BFW11 4 FET BPX29 4 PhDT 
BF 194 3 HF BFW12 4 FET BPX40 4 PhDT 
BF 195 3 HF BFW13 4 FET BPX41 4 PhDT 
BF 196 3 HF BF W 16A 3 HF BPX42 4 PhDT 

BF 197 3 HF BFW17A 3 HF BPX71 4 PhDT 
BF 198 3 HF BFW30 3 HF BPY10 4 PhDT 
BF 199 - 3 HF BFW45 2 Defl BPY68 4 PhDT 
BF200 3 HF BFW61 4 FET BPY69 4 PhDT 
BF254 3 HF BFW92 3 HF BPY76 4 PhDT 

BF255 3 HF BFX34 3 Sw BPY77 4 PhDT 
BF 334 3 HF BFX44 3 HF BR100 1 Thyr 
BF335 3 HF BFX89 3 HF BRY39 1 Thyr 
BF336 3 HF BFY44 4 Tr BRY39(SCS) 3 Sw 
BF 337 3 HF BFY50 3 HF BRY39(PUT) 3 Sw 

BF338 3 HF BFY51 3 HF BSS27 3 Sw 
BFR29 4 FET BFY52 3 HF BSS28 3 Sw 
BFR30 4 Mm BFY55 3 HF BS529 3 Sw 
BFR31 4 Mm BFY70 4 Tr BSV52 4 Mm 
BFR63 3 HF BFY90 3 HF BSV64 3 5~~~ 

BFR64 3 HF BLX13 4 Tr BSV68 3 Sw 
BFR65 3 HF BLX14 4 Tr BSV78 4 FET 
BFS17 4 Mm BLX69 4 Tr BSV79 4 FET 
BFS18 4 Mm BLY14 4 Tr BSV80 4 FET 
BFS19 4 Mm BLY17 4 Tr BSV81 4 FET 

Defl =Deflection transistors 
FET =Field effect transistors 
HF =High frequency transistors 
Mm =Microminiature devices for 

thick- and thin-film circuits 

PhDT = Photodiodes and phototransistors 
Sw =Switching transistors 
Thyr = Thyristors, diacs, triacs 
Tr =Transmitting transistors 

November 1971 3 
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Type No. Part Section Type No. Part Section Type No. Part Section 

BSV86 3 Sw BTX4lseries 1 Thyr BYX13series 1 R 
BSV87 3 Sw BTX47series 1 Thyr BYX22series 1 R 
BSV88 3 Sw BTX48series 1 Thyr BYX23series 1 R 
BSV96 3 Sw BTX49series 1 Thyr BYX25series 1 R 
BSV97 3 Sw BTX50series 1 Thyr BYX27series 1 R 

BSV98 3 Sw BTX68series 1 Thyr BYX29series 1 R 
BSW41 3 Sw BTX8lseries 1 Thyr BYX30series 1 R 
BSW66 3 Sw BTX82series 1 Thyr BYX32series 1 R 
BSW67 3 Sw BTX92series 1 Thyr BYX33series 1 R 

BSW68 3 Sw BTX94series 1 Thyr BYX34series 1 R 

BSW69 3 Sw BTX95series 1 Thyr BYX35 1 R 

BSX12 3 Sw BTY79series 1 Thyr BYX36series 1 R 
BSX12A 3 Sw BTY87series 1 Thyr BYX38series 1 R 
BSX19 3 Sw BTY9lseries 1 Thyr BYX39series 1 R 
BSX20 3 Sw BTY95series 1 Thyr BYX40series 1 R 

BSX21 3 Sw BTY99series 1 Thyr BYX42series 1 R 

BSX59 3 Sw BU105 2 Defl BYX45series 1 R 

BSX60 3 Sw BU108 2 Defl BYX46series 1 R 

BSX61 3 Sw BXY27 4 Mw BYX48series 1 R 

BSY38 3 Sw BXY28 4 Mw BYX50series 1 R 

BSY39 3 Sw BXY29 4 Mw BYX5lseries 1 R 
BT100Aseries 1 Thyr BXY32 4 Mw BYX52series 1 R 
BT101series 1 Thyr BY118 1 R BYX56series 1 R 
BT102series 1 Thyr BY122 1 R BYX59series 1 R 
BTW23series 1 Thyr BY123 1 R BZX29series 1 Z 

BTW24series 1 Thyr BY126 1 R BZX48 1 Z 
BTW30series 1 Thyr BY127 1 R BZX49 1 Z 
BTW3lseries 1 Thyr BY140 1 R BZX50 1 Z 

BTW47series 1 Thyr BY164 1 R BZX6lseries 1 Z 
BTW92series 1 Thyr BY176 1 R BZX70series 1 Z 

BTX18series 1 Thyr BY179 1 R BZX75series 1 Z 
BTX35series 1 Thyr BY184 1 R BZX79series 1 Z 
BTX36series 1 Thyr BY185 1 R BZX84series 4 Mm 
BTX37series 1 Thyr BY187 1 R BZY56 1 Z 
BYX38series 1 Thyr BYX10 1 R BZY57 1 Z 

Defl =Deflection transistors R =Rectifier diodes 
Mm =Microminiature devices for Sw =Switching transistors 

thick- and thin-film circuits Thyr = Thyristors, diacs, triacs 
Mw =Microwave devices Z =Voltage regulator diodes 
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BZY58 1 Z OA5 1 D ORP52 4 PhC 
BZY59 1 Z OA7 1 D ORP60 4 PhC 
BZY60 1 Z OA9 1 D ORP61 4 PhC 
BZY61 1 Z OA47 1 D ORP62 4 PhC 
BZY62 1 Z OA70 1 D ORP63 4 PhC 

BZY63 1 Z OA72 1 D ORP69 4 PhC 
BZY78 1 Z OA73 1 D ORP90 4 PhC 
BZY88series 1 Z OA 79 1 D OSB9110 1 St 
BZY9lseries 1 Z OA81 1 D OSB9210 1 St 
BZY93series 1 Z OA85 1 D OSB9310 1 St 

BZY95series 1 Z OA90 1 D OSB9410 1 St 
BZY96series 1 Z OA91 1 D OSM9110 1 St 
BZZ14 1 7 OA92 1 D OSM9210 1 St 
BZZ15 1 Z OA95 1 D OSM9310 1 St 
BZZ16 1 7 OA200 1 D OSM9410 1 St 

BZ Z17 1 Z OA202 1 D OSS9110 1 St 
BZ Z 18 1 Z OAP12 4 PhDT OSS9210 1 St 
BZZ19 1 Z OAZ200 1 Z OSS9310 1 St 
BZZ20 1 Z OAZ201 1 Z OSS9410 1 St 
BZZ21 1 Z OAZ202 1 7 RPY13 4 PhC 

BZZ22 1 Z OAZ203 1 Z RPY18 4 PhC 
BZZ23 1 Z OAZ204 1 Z RPY19 4 PhC 
BZ Z24 1 Z OAZ205 1 Z RPY20 4 PhC 
BZZ25 1 Z OAZ206 1 Z RPY27 4 PhC 
BZ226 1 Z OAZ207 1 Z RPY33 4 PhC 

BZZ27 1 Z OC122 3 Sw RPY41 4 PhC 
BZZ28 1 Z OC123 3 Sw RPY43 4 PhC 
BZZ29 1 Z OC139 3 Sw RPY55 4 PhC 
CAY10 4 Mw OC140 3 Sw RPY58 4 PhC 
CQY11B 4 L OC141 3 Sw RPY71 4 PhC 

CXY10 4 Mw OCP70 4 PhDT RPY76A 4 I 
CXY11A 4 Mw ORP10 4 I 1N748A 1 Z 
CXY11B 4 Mw ORP13 4 I 1N749A 1 Z 
C XY11C 4 Mw ORP30N 4 PhC 1N750A 1 Z 
CXY12 4 Mw ORP50 4 PhC 1N751A 1 Z 

D =Signal diodes 
I =Infrared devices 
L =Light emitting devices 
Mw =Microwave devices 
PhC =Photoconductive devices 

PhDT = Photodiodes and phototransistors 
St =Rectifier stacks 
Sw =Switching transistors 
7 =Voltage regulator diodes 
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1N752A 1 Z 1N5739B 1 Z 2N1307 3 Sw 
1N753A 1 Z 1N5740B 1 Z 2N1308 3 Sw 
1N754A 1 Z 1N5741B 1 Z 2I`'1309 3 Sw 
1N755A 1 Z 1N5742B 1 Z 2N1613 3 HF 
1N756A 1 Z 1N5743B 1 Z 2IV1711 3 HF 

1N757A 1 Z 1N5744B 1 Z 2N1893 3 HF 
1N758A 1 Z 1N5745B 1 Z 2N2218 3 Sw 
1N759A 1 Z 1N5746B 1 Z 2N2218A 3 Sw 
1N914 1 D 1N5747B 1 Z 2N2219 3 Sw 
1N914A i D 1N5748B 1 Z 2N2219A 3 Sw 

1N914B 1 D 1N5749B 1 Z 2N2221 3 Sw 
1N916 1 D 1N5750B 1 Z 2N2221A 3 Sw 
1N916A 1 D 1N5751B 1 Z 2N2222 3 Sw 
1N916B 1 D 1N5752B 1 Z 2N2222A 3 Sw 
1N4009 1 D 1N5753B 1 Z 2N2297 3 HF 

1N4148 3 D 1N5754B 1 Z 2N2368 3 Sw 
1N4150 1 D 1N5755B 1 Z 2N2369 3 Sw 
1N4151 1 D 1N5756B 1 Z 2N2369A 3 Sw 
1N4154 1 D 1N5757B 1 Z 2N2483 3 HF 
1N4446 1 D 2N706A 3 Sw 2N2484 3 HF 

1N4448 1 D 2N 708 3 Sw 2N2894 3 Sw 
1N5152 4 Mw 2N 743 3 Sw 2N2894A 3 Sw 
1N5153 4 Mw 2N744 3 Sw 2N2904 3 Sw 
1N5155 4 Mw 2N753 3 Sw 2N2904A 3 Sw 
1N5157 4 Mw 2N914 3 Sw 2N2905 3 Sw 

1N5729B 1 Z 2N918 3 HF 2N2905A 3 Sw 
1N5730B 1 Z 2N929 2 LF 2N2906 3 Sw 
1N5731B 1 Z 2N930 2 LF 2N2906A 3 Sw 
1N5732B 1 Z 2N1131 3 Sw 2N2907 3 Sw 
1N5733B 1 Z 2N 1132 3 Sw 2N2907A 3 Sw 

1N 5734B 1 Z 2N1302 3 Sw 2N3055 2 P 
1N5735B 1 Z 2N1303 3 Sw 2N3133 3 Sw 
1N5736B 1 Z 2N 1304 3 Sw 2N3134 3 Sw 
1N5737B 1 Z 2N1305 3 Sw 2N3303 3 Sw 
1N5738B 1 Z 2N1306 3 Sw 2N3375 4 Tr 

D = Signal diodes 
HF =High frequency transistors 
LF =Low frequency transistors 
Mw = Microwave devices 

P =Low frequency power transistors 
Sw =Switching transistors 
Tr = Transmitting transistors 
Z =Voltage regulator diodes 
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2N3426 3 Sw 40829 3 HF 56265 2.3.4 A 
2N3442 2 P 56200 2.3.4 A 56268 1 DH 

2N3553 4 Tr 56201 2.3.4 A 56271 1 DH 
2N3570 3 HF 56201a 2.3.4 A 56274 1 DH 
2N3571 3 HF 56201b 2.3.4 A 56277 1 DH 

2N3572 3 HF 56201c 2.3.4 A 56278 1 DH 
2N3632 4 Tr 56201d 2.3.4 A 56279 1 DH 

2N3771 2 P 56201e 2.3.4 A 56280 1 DH 

2N3772 2 P 56203 2.3.4 A 56283 1 DH 

2N3823 4 FET 56207 2.3.4 A 56284 1 DH 

2N3866 4 Tr 56208 2.3.4 A 56286 1 DH 
2N3924 4 Tr 56209 2.3.4 A 56290 1 HE 
2N3926 4 Tr 56210 2.3.4 A 56293 1 HE 
2N3927 4 Tr 56213 2.3.4 A 56295 1 A 

2N3966 4 FET 56218 2.3.4 A 56296 1 A 

2N4036 3 Sw 56226 2.3.4 A 56299 1 A 
2N4091 4 FET 56227 2.3.4 A 56302 2.3.4 A 

2N4092 4 FET 56230 1 HE 56303 2.3.4 A 

2N4093 4 FET 56231 1 HE 56309B 1 A 
2N4347 2 P 56233 1 A 56309R 1 A 

2N4391 4 FET 56234 1 A 56311 1 WH 
2N4392 4 FET 56239 2.3.4 A 
2N4393 4 FET 56243 1 A 
2N4427 4 Tr 56243A 1 A 

2I~~4856 4 FET 56244 1 A 

2N4857 4 FET 56245 2.3.4 A 
2N4858 4 FET 56246 1 tb 4 A 
2N4859 4 FET 56247 1 A 
2N4860 4 FET 56250 1 DH 
2N4861 4 FET 56253 1 DH 

61St/ 4 I 56256 1 DH 
40809 2 LF 56261 2.3.4 A 

40819 2 LF 56262A 1 A 

40820 3 HF 56263 1 to 4 A 
40822 3 HF 56264A 1 A 

A =Accessories 

DH = Diecast heatsinks 

FET =Field effect transistors 
HE = Heatsink extrusions 
HF =High frequency transistors 
I =Infrared devices 

LF =Low frequency transistors 
P =Low frequency power transistors 

S~v =Switching transistors 
Tr =Transmitting transistors 
WH =Water cooled heatsinks 
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