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Part 4 December 1969
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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 three series, identified by the colours noted, are:

ELECTRON TUBES (9 parts) BLUE
SEMICONDUCTORS AND INTEGRATED CIRCUITS (5 parts) RED
COMPONENTS AND MATERIALS (5 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 summa-
rized 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. You will understand that we can not guarantee that all products listed
in any one edition of the handbook will remain available, or that their specifications
will not be changed, before the next edition is published. If you need confirmation
that the published data about any of our 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.
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ELECTRON TUBES (BLUE SERIES)

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

Part 1

Transmitting tubes (Tetrodes, Pentodes)

Part 2

Tubes for microwave equipment

Part 3

Special Quality tubes

Part 4

Receiving tubes

Part 5

Cathode -ray tubes
Photo tubes
Camera tubes

Part 6

Photomultiplier tubes
Scintillators
Photoscintillators

Part 7

Voltage stabilizing and reference tubes
Counter, selector, and indicator tubes

Trigger tubes

i ins disdea
Sw LtChuns aiodaes

Part 8

T.V. Picture tubes

Part 9

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

December 1968

Associated accessories

February 1969

March 1969

Miscellaneous devices

April 1969

May 1969

Photoconductive devices
Associated accessories

June 1969

Radiation counter tubes
Semiconductor radiation detectors
Neutron generator tubes

July 1969

Thyratrons

Ignitrons

Industrial rectifying tubes
High-voltage rectifying tubes

August 1969

December 1968

Associated accessories
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

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

Part 1 Diodes and Thyristors

General

Signal diodes

Variable capacitance diodes
Voltage regulator diodes

Part 2

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

Part 3

General
High frequency transistors

Low frequency; Deflection

High frequency; Switching

Part 4 Special types

General

Transmitting transistors
Field effect transistors
Dual transistors

Part 5

General section
Digital integrated circuits
Linear integrated circuits

Integrated Circuits

December 1969

September 1969

Rectifier diodes
Thyristors, diacs, triacs
Rectifier stacks
Accessories

Heatsinks

October 1969

Deflection transistors
Accessories

November 1969

Switching transistors
Accessories

December 1969

Diodes and transistors for thick-and
thin-film circuits

Photo devices

Accessories
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COMPONENTS AND MATERIALS (GREEN SERIES)

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

Part 1 Circuit Blocks, Input/Output Devices September 1969
Circuit blocks 100kHz Series Circuit blocks for ferrite core

Circuit blocks 1-Series memory drive

Circuit blocks 10-Series Input/output devices

Circuit blocks 20-Series
Circuit blocks 40- Series
Counter modules 50-Series
Norbits 60-Series

Part 2  Resistors, Capacitors November 1968
Fixed resistors Polycarbonate, paper, mica, polystyrene
Variable resistors capacitors

Non-linear resistors Electrolytic capacitors

Ceramic capacitors Variable capacitors

Part 3 Radio, Audio, Television January 1969
FM tuners Television tuners

Coils and resonators Components for black and white television
Audio and mains transformers Components for colour television
Loudspeakers Deflection assemblies for camera tubes

Electronic organ assemblies

Part 4 Magnetic Materials, White Ceramics March 1969
Ferrites for radio, audio Ferroxcube transformer cores

and television Piezoxide
Ferroxcube potcores Insulating and dielectric materials
Microchokes Permanent magnet materials

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1969
Microwave Devices, Variable Transformers,
Electro-mechanical Components

Ferrite memory cores Quartz crystal units, crystal filters
Matrix planes, matrix stacks Isolators, circulators
Complete memories Variable mains transformers

Magnetic heads Electro-mechanical components
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TYPE DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE

FOR SEMICONDUCTOR DEVICES
This type designation code applies to discretedevices and tomultiple devices 1)

The type designation consists of:

TWO LETTERS FOLLOWED BY A SERIAL NUMBER

The first letter 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 a common encapsulation that cannot be dismantled, and
of which all electrodes of the individual devicesare accessible from the out-
side.

Multiples of similar devices as well as multiples consisting of a main device
and an auxiliary deviceare 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.
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TYPE DESIGNATION

The second letter indicates primarily the main application respectively
main application and construction if a further differentiation is essential

A Detection diode, switching diode, mixer diode

Variable capacitance diode

Transistor for a.f. applications (Rth j-mb > 15 °C/W)

Power transistor for a.f. applications (R j-mb < 15 OC/W)
Tunnel diode

Transistor for h.f. applications (Rgp j-mb > 15 OC/W)

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

Magnetic sensitive diode; Field probe

A I Q1" m g QW

Hall generator inan open magnetic circuit, e g. magnetogram or signal
probe

o

Power transistor for h.f. applications (R¢h j-mb < 15 °C/W)

Hall generator in a closed electrically energised magnetic circuit,
e.g. Hall modulator or multiplier

P Radiation sensitive devicel)

Q  Radiation generating device

R Electrically triggered controlling and switching device having a break-
down characteristic (Rth j-mb > 15 °C/W)

S Transistor for switching applications (R¢h j-mb > 15 °C/W)

T  Electrically, or by means of light, triggered controlling and switching
power device having a breakdown characteristic (Rth j-mb < 15 0C/W)

U  Power transistor for switching applications (R¢h j-mb < 15 °C/W)

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

Y  Rectifying diode, booster diode, efficiency diode

Z  Voltage reference or voltage regulator diode

1) For the type designation of a range see page 3.
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TYPE DESIGNATION

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

TYPE DESIGNATION FOR A RANGE OF RADIATION DETECTORS

The type designation of a range of variants of radiation detectors distinctly belonging
to one basic type may be qualified by a suffix part which is clearly seperated from
the basic part by a dash (-).

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

The suffix part consists of a figure giving the depth of the depletion layer in um and
where appropriate a version letter if there are differences in resolution.

March 1969 ‘ ’ | | 3






RATING SYSTEMS

RATING SYSTEMS

ACCORDING TO LE.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 aredirectly 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 variatien, environmental con-
ditions, and variations in characteristics of the device under consideration
and of all 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 toprovide acceptable
serviceability of the device, taking responsibility for the effects of changes
in operating conditions due to variations in the characteristics of the elec-
tronic device under consideration.

The equipment manufacturer should design so that, initially and through-
out life, no design maximum value for the intended service is exceeded
with a bogey device under the worst probable operating conditions with
respect to supply voltage variation, equipment component variation, 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.

2 January 1968
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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: 1,V, P

SUBSCRIPTS FOR QUANTITY SYMBOLS

1. Total values are indicated by upper case subscripts.

I v

Examples: I oM ICAV’ IC’ EB

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

v

les: i , 1, )
Examples 1C IC Veb b

3. Todistinguish 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: 1, I

C’ “cm’ ICAV’ Ic(rms)’ IC‘(RMS)
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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

(0] = As third subscript: The terminal not mentioned is open circuited
As first or second subscript: Source terminal ( for FETS only )

S =¢ As second subscript: Non repetitive (not for FETS)
As third subscript : Shortcircuit between the terminal not men-

tioned and the reference terminal
Z = Zener. (Replaces R to indicate the actual zener voltage, current

or power of voltage reference or voltage regulator diodes)

wn

Examples of the application of the rules:
Figure 1 represents a transistor collector current, consisting of adirect current
and a signal, as a function of time.

collector
current

Ic Tcav

(no signal)

72036071
—— time

Fig.1
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LETTER SYMBOLS

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
orr.

3. Supply voltages
Supply voltages may be indicated by repeating the terminal subscript.

VC \%

Examples: V c Ve

EE’
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: VB2—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 voltage between the base of the first
1B-2B .
unit and that of the second one.
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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.

h

Examples: hib’ sz, yoc, FE

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: Hi’ Zo, HF’ YR

SUBSCRIPTS FOR PARAMETER SYMBOLS

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: h_., z

ib’ “ob
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: V] = h Il+hr V2
h I"+h V
1 "o 2

i
I ¢

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.
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LETTER SYMBOLS

4. The second subscript identifies the circuit configuration.

e = common emitter ¢ = common collector
b = common base j = common terminal, general

Examples: (common base)
= \Y%
L= Ve Vin T Vb Vap
L= Y Vin T Vob Vap
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, bies big, b,
bge, Pfgs Dob, boes
bos» Prbs bre’ brg

Cc Ly
Cq 1y
Ce )

Cib, Cie,» Cis: Cb

Cte, Cts, Cobs Coe
Coss Cibs Cres Crs
d

F

f

fhfb, fhtes fyfe

fr
8ie» 8ibs 8oe» 8ob
Gp
Gs
Gtr

Gum
GV

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 pfoduct)
See y parameters

Power gain

Source conductance

Transducer gain

Maximum unilateralised power gain

Voltage gain

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

March 1969 |
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LETTER SYMBOLS l

Letter symbol

Definition

hpp, bpC, hpg

hgy, hec, bfe

hig, hic, hig
hib, hjc, hje
hoB, hoc, hog
hobs hoes hoe
hrB, hrC,> hRE
hyp, hye, bre

Ig, Ic, IDs IR, 1IG, Is
Ib, Ic, Id, Ie, Ig, IS
ig, ic, iD, ig, i@, is

ip, ic, id, es ig, ig
Igav, ICcAV, IEAV
IBEX. ICEX

IsM, IcM, IEM
Ibm: Iem» lem

IcBo
IcEO
Icps or ICES

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

Small -signal currentgain (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

IEBO
Ip
ig

Ipav

IrM
Igss

Ii, Io

IR
iR

IRRM
IRsMm
Isps

1z

| IzM
175
Pi’ Po

Prot

P~
t 4

Pzsm
Qs

Drain cut-off current
(source short-circuited to gate)

Emitter cut-off current (open collector)
Total forward current of a diode (d.c. or average)

Instantaneous total value of the forward current of
a diode

Total average forward current of adiode (todistin-
guish between average and d.c. if necessary)

Peak forward current of a diode

Gate cut-off current
(source short-circuited to drain)

Input, respectivelyoutputcurrentof a specified cir-
cuit

Total reverse (cut-off) current of a diode

Instantaneous total value of the reverse current of
a diode

Repetitive peak reverse current of a diode
Non repetitive peak reverse current of a diode

Source cut-off current
(drain short-circuited to gate)

Zener current (d.c. or average)
Peak zener current
Non repetitive zener current

Input, respectivelyoutput power of a specified cir-
cuit ’

Total power dissipation in the device
Peak zener power dissipation
Non repetitive peak zener power dissipation

Recovered charge
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Letter symbol

Definition

rp
DS
IGs

Tamb

TC&SG

tg;

Tstg
VBB Vcer VEE

VBE> VcB: VCE: VEB
Vher Vebr Vee: Veb
VBE» VCB: VCE: VEB

Vbe:r Veb: Veer 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 from mountingbase to heatsink
(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 = ts + tf)

Turn on time (tgp = td + ty)

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
VBEsat
V@R)

V@BR)CBO: VBR)CEO’
V(BR)EBO

V(BR)CER
VBR)CES

VcBo, VCEO, VDGO,
VEBO» VGSO

VcBoM: VCEOM
VGCEK
VCER

VCERM
VCES

VCEsat
VCE. sust

VcEX

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 VogRr

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

Saturation voltage at specified bottoming conditions

Collector -emitter sustaining voltage 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-scurce voltage w

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 symbol Definition
Vi, Vo Input, respectively output voltage of a specified cir-
cuit
V(P)Gs Gate-source cut-off voltage
VR Continuous reverse voltage of a diode
VRM Peak reverse voltage of a diode
— VRSM Non repetitive peak reverse voltage of a diode
E vz Operating voltage (zener voltage) of a zener diode
E Vib» YVie» Yis Input admittance
bih, bje, bjs
gib» 8ie» 8is Input conductance Output short circuited
Cib» Cie, Cig Input capacitance toa.c.
Pib: Pier Pis Phase angle of
input admittance
Vib> Yfe» Yfs Transfer admittance
bfh, bfe, beg
gfb» &fes 8fs Transfer conductance Output short circuited
Ctps Cfe, Cts Transfer capacitance toa.c.
Pfbs Pfes Pfs Phase angle of
transfer admittance
Yobs Yoe:» Yos Output admittance
bob» boes Pos
8ob: 8oe: 8os Output conductance Input short circuited
Cob» Coe: Cos Output capacitance toa.c.
Pob: Poe: Pos Phase angle of
output admittance
Yrbs Yre:» Vrs Feedback admittance
byb, bre, brs
8rbs 8res &rs Feedback conductance Input short circuited
Cip» Cre» Crg Feedback capacitance toa.c.
Prb> Pres Prs Phase angle of
feedback admittance
Zth Transient thermal resistance or thermal impedance
11 H “ March 1969
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AFY19

GERMANIUM ALLOY DIFFUSED TRANSISTOR

P-N-P transistor in a TO-39 metal envelope, primarily intended for use as a power

amplifier in transmitting circuits up to frequencies of 180 MHz.

QUICK REFERENCE DATA
Collector-base voltage (open emitter) -Vcpo max. 32 V _—
Collector-emitter voltage (Vgg = 0) -VeES max. 32 V -
Collector current (d.c.) -Ic max. 150 mA -
e . _ o
Total power dissipation up to Tcase =65 C Piot max. 800 mW
Junction temperature Ty max. 90 °C
Transition frequency
Ig = 100 mA; -Veg =5V fp typ. 350 MHz
MECHANICAL DATA Dimensions in mm
TO-39
Collector connected to case
]
£
©
<
Y (o
8
3 =
7o)
© j—1
Y
B max i 12.7-.1:5.-.
e 7208684
Accessories available: 56218, 56245, 56265
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AFY19

RATINGS (Limiting values) 1)
Voltages
Collector-base voltage (open emitter)

Collector-emitter voltage (Vpp = 0)

Currents

Collector current (d.c.)
Collector current (peak value)
Emitter current (d.c.)
Emitter current (peak value)
Reverse emitter current (d.c.)

Reverse emitter current (peak value)

Power dissipation

Total power dissipation up to T.,ge = 65 ©

Temperatures

Storage temperature

Junction temperature : continuous
incidentally

THERMAL RESISTANCE
From junction to ambient in free air
on a heatsink of 12.5 cm?

From junction to case

~VeBo
~VcEs

Rin j-a
th j-a
Rth j-c

max. 32
max. 32
max. 150
max. 300
max. 200
max. 350
max. 10
max. 30
max. 800
-55to+75
max. 90
max. 100
= 0.25
= 0.08
= 0.035

mA
mA
mA
mA
mA
mA

mW

o¢c

°C/mw
OC/mW
°C/mw

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

publication 134.
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AFY19

CHARACTERISTICS Tamb = 25 °C unless otherwise specified

Collector cut-off current

I

E = 0; "VCB =10V "ICBO < 10 /-lA
IE = 0, "VCB =32V —ICBO < 1 mA

Emitter cut-off current

IC =0; —VEB =0.5V —IEBO < 1 mA

Base current

IE =100 mA; —VCB = 2V —IB < _3 mA
- . _ _ - typ. 1 mA
IE 80 mA, VCB 12V IB < 2 mA
Saturation voltage
-l = 300 mA; -Ig = 20 mA -VCE sat < 1V
Collector capacitance at f = 0.5 MHz
Ig=1g=0; -Vgp =10V C. typ 12 pF
Real part of input impedance
Ig = 100 mA; _VCB =5V; f=100 MHz Re(hie) typ. 18 @

Transition frequency

IE =100 mA; —VCB =5V fT

> 225 MHz
typ. 350 MHz
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AFY19

APPLICATION INFORMATION

V.H.F. power amplifier circuit at Typp = 25 °C

Rg=500 ¢y
-
c7
_ w

C2 l Al
= L2
Cé 'F:e output

<'9 —T° powper
—T°Ri=500,

&

180 MHz

£ =8 ____180MHz  f ______ =__80 ___180 MHz
Cl =50 = 0.1

c2 = 50 =0.03

c3 = 10 = h.f.

CcC4 = 50 1

cshy= 10 = 0.5

Cé6 = 82 > 150

C7 =100 > 150

Performance in common base configuration

Ig =80 mA; -Vgg =12V

Output power at f = 80 MHz
f = 180 MHz
Power gain at f= 80 MHz
f =180 MHz

Note

I"Vca
TP+

500 mW
400 mWw
10 dB

Care should be taken to reduce the case to heatsink capacitance, especially at 180

MHz.

1) Cg should be chosen such that its series conductance can be neglected (e.g. a

tubular ceramic capacitor mounted in a copper block).

2) Without insertion losses and stated minimum P.
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BFS22
BFS23

SILICON EMITTER GRID V.H.F. POWER TRANSISTORS

For data of the BFS22 please refer to types BLY87 to 89
For data of the BFS23 please refer to types BLY91 to 93

December 1968 | l ” 1






BFY44
BFY70

SILICON PLANAR EPITAXIAL TRANSISTORS

N-P-N transistors in a TO-39 metal envelope with the collector connected to
the case. The BFY44 and BFY70 are primarily intended for use in v.h.f. me-
dium power amplifiers or as output stage in small transmitters or as driver

for transmitting tubes.

QUICK REFERENCE DATA

Collector -base voltage (open emitter) Vceo
Collector -emitter voltage (open base) VcEo
Emitter -base voltage (open collector) VEBO
Collector current (d.c.) Ic

Total power dissipationupto Tcage =25°C Pro;
Junction temperature T]-
Saturation voltages

BFY44 | BFY70

max.

max.

max.

max.

max.

max.,

2

80 60 V

60 40 V
4 4V
1 1 A
) 5 W

00 200 ©°cC

Ic =500 mA; Ig = 100 mA VCEgat typ. 0.4 0.4 V
Transition frequency
Ic =100 mA; Vg =10 V fT typ. 210 210 MHz
Performance in a specified circuit at
f =180 MHz
Output power at Vog =40 V Py typ. 2.1 - W
Output power at VCg = 28 V P, typ. - 1.5 W
Power gain Gp typ. 7 7 dB
Collector efficiency n typ. 50 50 %
MECHANICAL DATA Dimensions in mm
Collector connected to case
TO-39 3
o
<
) ]
’é =__r
E ——]
0
® [———i
slsmaxﬂ‘1 17_'7min

Accessories available: 56218, 56245, 56265

7208684
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BFY44
BFY70

RATINGS (Limiting values) l)
Voltages

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

Emitter-base voltage (open collector)

Currents

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

Base current (peak value)

Power dissipation

Total power dissipation up to Teage =25°C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to case

VcBo
VCEO
VEBO

Ic
Icm
I
Ism

Prot

Tstg

Rth j-c

BFY44|BFY70

max. 80 60 \%
max. 60 40 Vv
max. 4 4 A\

—_—
max. 1.0 A
max. 1.0 A
max. 0.2 A
max. 0.2 A
max. S W
-65 to +200 °C
max. 200 ©C

35 O°Cc/w

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

IEC publication 134.
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BFY44

BFY70
CHARACTERISTICS Tj = 250C unless otherwise specified
Collector cut-off current BFY44| BFY70
. - typ. 3 - nA
Ig=0; Vcp =40V IcBO I 500 _ nA
A - typ. - 3 nA
Ig=0; Vg =28V IcBO < . 500 nA
_ _ _ typ. 1.5 - HA
=0: = LT, = o
Ig=0; Vog =40 V; T] 150 °C IcBO It 50 - A
. _ Lo o typ. - 1.5 uA
IE 0; Veg = 28V; TJ 150 “°C IcBO < _ 50 uA
Emitter cut-off current E
=0 - typ. 1 1 nA —
lc=0;Vgg=1V IEBO < 500 | 500 -
Ic=0; VEg=4V IEBO < 100 100 pA
Sustaining voltages
Ic = 10 mA; Ig = 0 VCEOsust =~ 60 40 VvV
Ic= 1mA; Rgg =10 Q VCERsust =~ 80 60 Vv
Ic=0.5mA; VBg = 0 VCESsust > 80 60 V
—_—
Saturation voltages
typ. 0.4 Vv
VCEsat < 0.7 V
Ic = 500 mA; Ig= 100 mA
typ. 1.0 VvV
VBEsat <yp 1.5 Vv
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BFY70
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
D.C. current gain
Ic =150 mA; Veg =10V hpg  typ. 20
> 5
Ic=500mA; Vgg = 5V hrE typ. 20

Collector capacitance at f = 1 MHz

typ.
Ig =1 =0 BFY44: VCB=40V c 7 EE
typ.
I = I = 0 BFY70 : VCB =28V cc gg
Transition frequency
Ic=100 mA; Vcgp =10V fr typ. 210 MHz

Feedback time constant at f = 10.7 MHz

-1 = 30 mA; Vg = 20 V Ih—bf-’ w8 o
y parameters at f = 180 MHz (common base) Tapp = 25 °C
-Ig = 150 mA; VCB = 24V
Input conductance gib typ. 48 mo-1
Input capacitance -Cip typ. 120 pF
Transfer admittance |yﬂ3l typ. 98 mQ~1
Phase angle of transfer admittance P typ. 62°
Output conductance gob typ. 4.3 me-!
Output capacitance Cop typ. 13.5 pF
y parameters at f = 180 MHz (common emitter)
Ic=10mA; Vo =24V
Input conductance gie typ. 96 ma~1
Input capacitance -Cie  typ. 32 pF

4 ‘ ‘ H June 1968



BFY 44

BFY70
APPLICATION INFORMATION
A. Amplifier circuit
L1 L2
- =4
Ri=500 LS 2 o Ro=5001
% L L 7209485
” a b
Different methods of biasing —_—
a b —_—
c? cs c;% —
g
Vee
-+
; Vee
%720’55!
Components f = 100 MHz = 180 MHz
Cl, C2, C4 25 pF variable air capaci- 25 pF variable air capaci-

C3

tor + 22 pF mica
25 pF variable air capaci-
tor

C5, C6, C7, C8 3.3 nF

L1

L2

2 turns Cu wire (1 mm);

d=12 mm
3.5 turns Cuwire (1 mm);
d=12 mm

Performance in common base configuration

BFY44:
BFY70:

VCE =40 V; P; = 0.425 W
Vg =28 V; P = 0.3 W

Output power
Power gain

Collector efficiency

tor

25 pF variable air capaci-
tor

1 nF

1 turn Cu wire (1.2 mm);
d =12 mm

2 turns Cu wire (1.2 mm);
d =12 mm

BFY44| BFY70
> 1.7 1.2 W

Po typ. 2.1 1.5 W
G > 6.0 dB
P typ. 7.0 dB
n > 40 %
typ. 50 %
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BFY44
BFY70

APPLICATION

INFORMATION (continued)

ircuit

B. Amplifier c

Rj=500,

Cé4

L3
y
C1 lcs
Ro=500

Components

C1
C2
C3
C4
C5
L1

L2

Tap
L3

ICZ
T

Vee

l—{ﬁ—::J M-
5004 180 NeX 8200

f = 80 MHz
60 pF
680 pF
680 pF
4.7 pF
82 pF

2 turns Cu wire (1 mm);
d =10 mm

3 turns enamelled Cu wire
(1.5 mm);d =12 mm

1.2 turn from cold side

3 turns enamelled Cu wire
(1.5 mm); d = 12 mm

Towe P +

= 165 MHz

25 pF
100 pF
82 pF
2.2 pF
33 pF

straight Cu wire
length 40 mm

2 turns Cu wire
d =10 mm

(1 mm);

(1 mm);

0.8 turn from cold side

2 turns Cu wire
d = 10 mm

(1 mm);

June 1968



BFY 44
BFY70

APPLICATION INFORMATION (continued)
C. Frequency doubler 90-180 MHz

000pF |y 4to 21pF1)  1000pF
',_.._fwvx N
]
W w . ! 2 Q3
fizooMHzl S S ! fo =180MHz
§i=5on 2T T ! w | w5 =500
0 w s 8 3
8T ST ¢
7209486
-
. B
L1 = 70 nH; 1.5 turns E
L2 = 90nH; 2 turns Cu wire (1.2 mm); d = 12 mm —_
L3 = 140 nH; 3 turns
Typical performance
VCE Ic Pj = (mW) Po (mW) Gp n
(V) (mA) fi = 90 MHz fo = 180 MHz (dB) (%)
402) 110 130 920 8.5 21
30 94 110 700 8.0 25
20 82 110 460 6.2 28
1) Variable ceramic capacitor
2) VCE = 40 V is for BFY44 only
June 1968 || ” 7






BLY 14

SILICON PLANAR EPITAXIAL TRANSISTOR

N-P-N transistor in a metal envelope. All electrodes are electrically insulated

from the stud.

The BLY14 is intended for high frequency and high power applications, prima-

rily for use in the transmitting field.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VcBO max. 80 V
Collector -emitter voltage (VBE = 0) VGES max. 80 V
Collector current (peak value) IcMm max. 1.0 A
Total power dissipation up to Tpp = 25 °C
> 1 MHz Ptot max.8.75 W
Junction temperature Tj max. 200 ©°C
D.C. current gain at Tj = 25 °C
-Ig =500 mA; Vg =10V brg typ. 11
Transition frequency
Ic =100 mA; Vcg = 10V fp typ. 190 MHz
Performance in a specified circuit
VcEg =40 V; P; =0.625 W; f = 180 MHz
Output power Py > 3 W
Power gain Gp > 6.8 dB
Collector efficiency 7 > 40 %
MECHANICAL DATA Dimensions in mm
Q1) =m=s 3
E x
2 g
. M5 2 gi 2N
N Y 7 N\
: : : b a ]
8 M5 1‘?%"8” 10
1072 13.0mex 127m
7208709
Collector is connected to the can (upper part of the envelope )
Torque on nut: max. 18 cmkg
June 1968 || ” 1
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BLY 14 ll H

RATINGS (Limiting values) 1)

Voltages
Collector-base voltage (open emitter) VcBO max. 80 V
Collector-emitter voltage (VBg = 0) VCES max. 80 Vv
Collector -emitter voltage (open base) VcEO max. S5V
Emitter -base voltage (open collector) VEBO max. 4V
Currents
Collector current (d.c.) Ic max. 1.0 A
Collector current (peak value) IcMm max. 1.0 A
Base current (d.c.) Iy max. 0.2 A
Base current (peak value) IsMm max. 0.2 A
Power dissipation
Total power dissipation up to Tmpp = 25 °C Piot max. 8.75 W
Temperatures
Storage temperature Tstg -65to +200 °C
Junction temperature Ty max. 200 ©C
THERMAL RESISTANCE
From junction to mounting base Rth jomb ~ 20 °c/w
CHARACTERISTICS Tj = 25 °C unless otherwise specified
Collector cut-off current
Iy = 0; Ve = 40 V IcBo RN
I = 0; VCB = 40 V; Tj = 150 °C 1cBO P oég Zi
Veg = 80 V; Rgg = 10 @ ICER < 1 mA
Ig=0; Vgg =55V Icro < 10 mA
Emitter cut-off current
Ic=0; VEg=1V 1EBO WP o
Ic=0; Vgg =4V IEBO < 100 pA

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

IEC publication 134.
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BLY 14

CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
Saturation voltages
Ic = 500 mA; In = 100 mA v 0.3 Vv
o m ,IB" m CEsat < 0.7 V
typ. 1.1V
VBEsat < 1.5 V
D.C. current gain
-Ig =10 mA; Vg = 10V hpg typ. 9
-IE = 150 mA; VCB =10V hFE typ. 11
Ig = 500 mA; Vg = 10 V h > 5
E » 'CB FE typ. 11
Collector capacitance at f = 1 MHz
-1 =0 _ typ. 7.5 pF
Ig=Ie=0; Vgg =40V Cc = 10 pF
typ. .
Capacitance between collector and stud }<fp 3 é gg

Transition frequency

Ic = 100 mA; Vcg =10V fT typ. 190 MHz
Feedback time constant at f = 10 MHz

-Ig = 30 mA; Vgp = 40 V k%)- op- 10£ gz
y parameters in common base configuration
-Ig = 150 mA; Vg = 24 V; £ = 180 MHz
Input conductance gib typ. 48 mQ-1
Input capacitance -Cip typ. 120 pF
Transfer admittance |Yf_b| typ. 98 mQ~1
Phase angle of transfer admittance Db typ. 62°
Output conductance gob typ. 4.3 mQ-l
Output capacitance Cob typ. 13.5 pF
y parameters in common emitter configuration
Ic =150 mA; Vcg = 24 V; £ = 180 MHz
Input conductance gie typ. 96 me~!
Input capacitance -Cie typ. 32 pF

w
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BLY14 l

APPLICATION INFORMATION
Amplifier circuit

L L2
Ri=s0n| ¢ -
' Tor T3 4 Ro=500
3
% } % ] 7209485
4 a
Different methods of biasing
a b a b
c7 ce c7 c8
S § 0.2to
8 1.8k,
N
Vee c
- %
=8, 0AZ204

;‘A 7, 1209552

+; EE
/, 71209553

Components f =100 MHz f =180 MHz
Cl, C2, C3, Cc4 25 pF 25 pF
C5, C6, C7, C8 3.3 nF 1 nF

L1

L2

2 turns Cu wire (1 mm);

d =12 mm

3.5 turns Cu wire (1 mm);
d =12 mm

Performance in common base configuration

.625 W

f = 180 MHz; Ty, = 25 °C

Output power

Power gain

Collector efficiency

1 turn Cu wire (1.2 mm);
d=12 mm
2 turns Cu wire (1.2 mm);
d =12 mm

p > 3.0 W
o typ. 3.6 W

G > 6.8 dB
p typ. 7.6 dB

> 40 %

n typ. 48 %
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BLY17

TRIPLE DIFFUSED SILICON PLANAR TRANSISTOR

N-P-N triple diffused transistor in a TO-36 metal envelope.

The BLY17 is intended for high frequency and high power applications, prima-

rily for use in the transmitting field.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VCBO
Collector-emitter voltage (RBE < 10 €) VCER
Collector current (peak value) IcMm

Total power dissipation up to Typ = 25 °C
f>0.5MHz Ptot

Junction temperature Tj

D.C. current gain at Tj =25°C
-Ig =1A; Vg =0 hEE
Transition frequency
Ic=1.5A; Vgg =10V fT

Performance in a specified circuit at f = 30 MHz
Vcg =40 V; VBE =0; P = 7.5W

Output power Py
Power gain Gp
Collector efficiency n

max.

max.

max.

max.

max.

typ.

\

100
100
10

100
175

25

70

30

40

<

oc

MHz

ag =

MECHANICAL DATA See page 2
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BLY17

MECHANICAL DATA
TO-36

Dimensions in mm

31,0 max
26.5max
g4 [ 1
E — [ ]
LQ [ L 1
o
Y [ |
2} H ]
NO 87[
- S
QE y - 3.5 max
10-32UNF s *
4 7208694 T %(2)
3.9 max

Diameter of hole in heatsink: max. 5.2 mm
Supplied with device 1 56213

Torque on nut: min.

max. 1

8 cm kg
7 cm kg

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

Collector -base voltage (open emitter) VcBO max. 100 V
Collector -emitter voltage (Rgg < 10 §2) VCER max. 100 V
Emitter-base voltage (open collector) VEBO max. 4 vV
Collector current (d.c.) Ic max. 10 A
Collector current (peak value) IcMm max. 10 A
Base current (d.c. or average over any

20 ms period) Ig max. 2 A
Total power dissipation up to TH\b =25 0C

f>0.5 MHz Piot max. 100 W
Storage temperature Tstg -65to +175 oC
Junction temperature Tj max. 175 ©C
THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 1.5 ©oC/W
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BLY17

CHARACTERISTICS TJ- =25 °C unless otherwise specified
Collector cut-off current
A _ typ. 0.1 mA
Ig=0;Vcp =40V IcBo Z 10 mA
- Q. : L o typ. 0.2 mA
Ig = 0; Vcp = 40 V; Ty = 150 °C IcBO = 50 mA
_ . _ typ. 0.6 mA
Ig=0; Vgg = 100 V IcBo 5 20 mA
=Q: = LT, = o typ. 1 mA
Ig = 0; Vg = 100 V; TJ 150 “C IcBoO Z 80 mA
_ . _ typ. 0.3 mA
Veg =80 V; Rgg = 10 @ ICER = 50 mA
- . = . = typ. 1 mA
Vcg = 80 V; RBg = 10 & Tj =150 °C IcER = 100 mA
Emitter cut-off current
. - yp. 0.03 mA
Ic=0; VEg =4V IEBO 2100 mA
Saturation voltages VCEsat tip. g 8 X
Ic=10A;Ig=2A ’
v typ. 1.2V
BEsat < 3.0 V
D.C. current gain
i} > 5
-Ig= 1A;Vgg=0 \ bpg typ. 25
i > 5
—IE = 5A; Vg =0 hrE p. 13
> 5
~Ip =10A; Vg = 0 h
E CB FE typ. 9
Collector capacitance at f = 1 MHz
. - typ. 100 pF
Ig=Ig=0; Ve =40V Ce = 150 pF
Transition frequency
_ . - > 50 MHz
Ic=1.5A; Vg =10V fr typ. 70 MHz
Feedback time constant at f = 10 MHz
h
-l = 1.5A; Veg = 10V —‘ﬂi’l typ. 140 ps

June 1968 i ' l ‘ 3



BLY17

APPLICATION INFORMATION

Linear amplifier circuit for 'single side band’

25pF 5 10pF 6

Ri=50., BLY17
25pF %“’ | _:\5"" A ]
330pF 2] T 250 Toeer

ML

220pF-[ Ro=500
sznr 5.5W 3w 64uF ‘ 2mf
150 56000 15000 Vee
209580 -
COIL DATA
L1= 8 turns enamelled Cu wire (1.2 mm); d =12 mm
L2 = 2 turns enamelled Cu wire (1.2 mm); d =12 mm
L9 is coupled to the 'cold' side of Lj.
L3 = 40 turns enamelled Cu wire (0.3 mm); d= 6 mm
L4 = 27 turns enamelled Cu wire (0.45 mm); d = 6 mm
L5 = 10 turns enamelled Cu wire (1.2 mm); d =12 mm
L6 = 9 turns enamelled Cu wire (1.2 mm); d =12 mm
PERFORMANCE Vg =40 V; f = 28 MHz; Tmp = 25 °C
Peak envelope power P.E.P. 20 W
Intermodulation distortion of the third order ds typ. =32 dB
of the fifth order ds typ. -32 dB
Power gain Gp typ. 8§ dB
Collector current without drive 1) Ic 60 mA
with full drive 2) IcaAv typ. 880 mA

l) Adjustable with the variable resistor.

2) Corresponding with a P.E.P. of 20 W.

4 June 1968



BLY17

APPLICATION INFORMATION (continued)
Amplifier circuit

%

BLY17
/oM ot n2
Ri 150pEL ¢ % W J800H Snf
Al
150pF 250pF‘ {
= R
% Ve Vg Jzsopr  7J2s0pF °

7200678 !
7%

nl = 6 turns (2 mm); d = 20 mm

} closely coupled
n2 = 2 turns (2 mm); d = 20 mm

Alternative methods of biasing

Vge =0 Vge #0
g ©BE Va Ve 8E VB
A A A A
I I
N7 A .F/
T b
10nF ) 0nF

PERFORMANCE in common emitter configuration
Vcg = 40V; VB =0

Py =7.5W;f = 30 MHz; Typ = 25 °C
Output power P, t;p 28 a
i > 6 -dB
P
ower gain Gp R
Collector efficiency n t>p ‘;g ZQ
yp. 0
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BLY 37
BLY 53

U.H.F. TRANSMITTING TRANSISTORS

N-P-N silicon planar epitaxial transistors in a capstan envelope. The transistors
are intended for battery operated f.m. transmitters with a supply voltage of up to

13.8 V for the BLYS53 or up to 28 V for the BLY37.

QUICK REFERENCE DATA

Collector-base voltage (peak value) VoM
Collector-emitter voltage (open base) VcEO
Collector current (peak value) Iom
Total power dissipation

f >1 MHz Ptot
Junction temperature Tj
Transition frequency at f = 100 MHz

Ic=0.5A; VCEg = 5V fr
Output power at f = 470 MHz

Pi =2.0W;Vgg = 13.8V Py

P = 1.5W;Vcg = 28V P,

BLYS53
max. 36
max. 18
max 4
max. 15
max. 200
typ. 800
> 6
>

BLY37
65
36
2.5

10

[\
(o]
el

800

6

> <

=

[}
(@]

MHz

w

W

MECHANICAL DATA

Dimensions in mm

5 ) D 35
<EN- |
! e
8-32UNC J\
c |x e )\
£ |8 b g1
e io/oy
(32}
—
e 15max
7209756.2
I .79 0.5
21.7min 12
10 [58m

Diameter of hole in heatsink: max. 4.17 mm

Torque on nut: min. 7.5 cmkg

max. 8.5 cmkg
When locking is required, an adhesive instead of a lock washer is preferred.
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BLY 37
BLY 53

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

Voltages

Collector-base voltage (open emitter)

peak value; I« = 10 mA

Collector-emitter voltage (open base)

Ic= 10 mA

Emitter-base voltage (open collector)

IE =10 mA
Currents

Collector current (average)

Collector current (peak value)

Emitter current (peak value)

Power dissipation

Total power dissipation
f>1MHz

Temperatures

Junction temperature

THERMAL RESISTANCE

From junction to heatsink

BLYS3 |BLY37
VCBOM max. 36 65 V
VEBO max. 4 4 Vv
Icav max. 1.3 |0.75 A
]‘CM max. 4 2.5 A
IEM max. 4 | 2.5
Ptot max. 15 10 W
T -30 to +200 °C
stg
T max. 200 °c
0
Rth i-h 12.5 “C/W
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BLY 37
BLY 53

CHARACTERISTICS
Base-emitter voltage 1)

Ic=0.5A; Ve =5V

Saturation voltage

Ic=0.5A;15=0.1A

D.C. current gain

Ic=0.5A; Vg =5V

Transition frequency at f = 100 MHz
Ic=0.5A; Vg =5V

Collector capacitance at f = 1 MHz
Ig=1e=0; Vgg = 13.8V
Ig=1e=0; Vgg= 28V

Collector-stud capacitance

h parameters at f = 470 MHz
Ic=0.5A; VCE=5V
Input resistance

Input reactance

Ty = 25 OC unless otherwise specified

VBE

VCEsat

hrE

f

Cc

Re(hie)
Im(hje)

<

typ.

typ.

typ.

BLYS53

1.5

0.5

50

800

10

typ.

typ.

typ.
typ.

13

1y Vg decreases by about 1.5 mV/0C with increasing temperature.

BLY37

1.5

0.5

35

800

13

v

MHz

pF
pF

pF
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BLY 37

BLY 53
CHARACTERISTICS (continued) Th = 25 OC unless otherwise specified
R.F. performance at f = 470 MHz (common emitter) of the BLYS3
Veg = 13.8V; P, =6 W P, < 2 W
Gp > 4.7 dB
n > 60 %

R.F. performance at f = 470 MHz (common emitter) of the BLY37

Vep=28 Vi Po=6 W P, < 1.5 W
Gp 6 dB
n > 60 %

All transistors are tested with a V.S.W.R. of 50 varied through all phases.

7
BLYS T H T T )
N & @‘\‘E! BLY37 T 1.-\ LR
8 A S 8 S
*’4 /:5
Po Po
(w) (W)
6 6
1‘)0‘@:\'1
\¢S
&5 !
4 4 o\
2 2H :
typical values u typical values
Vcg =13.8V Vcg =28V
1
0 ofttt
0 1 2 Pj(W) 3 0] 1 2 PiW)3
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BLY 37
BLY 53

CHARACTERISTICS (continued) T, =25 OC unless otherwise specified
R2

c?
Test circuit:
S S \

input
500,

Components: A

Cl=C2=C3=C4=1to 17 pF air trimmer

CS = 100 pF disk ceramic by-pass
C6 =C7-= 10 nF paper

R1 =R2 = 10 Q@

L1 = 35 mm x 6 mm straight Cu strip

L2 = 5 turns Cu wire (0.6 mm); internal diameter 8 mm

L3 = 25 mm straight Cu wire (1.5 mm)

L4 = 3 turns Cu wire (1.0 mm); internal diameter 3.5 mm; winding pitch 2 mm;
leads 2x10 mm

LS = FXC choke (codenumber 4312 020 36640)

7Z10001.1 72100024
10 BLY53 10 BLY37
Ic Ic
(A) (A)
1 ani 1 . I
(===
e
I (o
I \’
01 01 C
001 01
1 10 Veev) w00 % 10 Vee(V) 100

I Region of permissible operation under all base-emitter conditions and at all
frequencies, including d.c.

I Additional region of operation at f >1 MHz.
Care must be taken to reduce the d.c. adjustment to region I before removing
the a.c. signal. This may be achieved by an appropriate bias in class A, B or C
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BLY37

BLYE3
7209997
typical values 1]
IE=Ie=O
20| ¢ - 1MHz
Cc
(pF)
15+
N
10 AN
— S=BLY 53
om—— _BLY3" ]
5
0
0 20 40 Vcp(v) 60
7210639
T T I I !
[ 1TI1 5@:,3
Ic typical values L1 B\—“'I
(mA) Veg =5V »
Ty =25°C g%
10°
I, I,
YA,
s 7
/
4
: A
/]
102 ,//
717
5 /
/
Y /
\/
2
;v
0 :
P12 s 1 n s 0 2 s 02 Ig (mA) 103
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BLY37

BLY53
7210000
typical values
Vce= 5V
80| 1= 25°C
hrg
60
N
AN
N\,
40
J— A \ =
= — >~ X =
e ¥ BLY53 =
z= 4
20 N
BLY37
0 L
10 10% 10° Ic (mA) 104

7210224
typical values
Ic=05A
20 VCE =5V
s
(mA)
A
15 N
= Y370
10
CIBLYS3H
5
0
0 100 Tj (°C) 200
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BLY37
BLYS53
7209992 7209988
15
® HHHH BLys3 +-HH BLY37
Im(hje) Im(hje) Im(hje) Im(hje) 1T
Re (h]e) Re (hle ) V.4
(«£) / (L)
[ | [ 11
10 typical values 107 typical values
[ f= 470MHz = 470MHz
—_— 5 5
— Re(hie ]
el / ~~fethie
/
0 0
0 05 1c (A) 1 0 05 Ic (A) 1
7210024 7210023
15 —
"5 ypical value BLYS3 H-HHH BLY37
Ti =25°C _ HE
Ic |+l Ee= L 1 FfT=100MHZ[ [
€ Er=100MHz o 1200 MHz
(A) /1 1,200MHz!| A [ typical values
CA ] / T = 26°C
[/ 300MHz, A/ 300MHz-=1=5
i adtennn R agnas
117 A4L00MHzZ / /AISOMH } ]
id 41 A== 700MHZ
~500MHz o 800MHz
T A= 600MHz A A A .
/TP 700MHZ /T —~{900MHz
I ,129 N RbO MHZ | hd //’ ;
08 7 T T~o00M 05 it |
S 1000MHz '
/ ]
{Hf o o
‘ T 1600MHz - ANE
A\ L\ T ™
N < . —
0 o LSS 1
0 — 10 Veg(V) 20 0 0 Veg (V) 20
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BLY 37
BLYS53

7209998

10%¢

7 o \\wm.,\
.7//@/
O N
1 N
- N
SN
N
"
o
2
g
g
L
a
>
+
™ o~
23 @ o 2
O c
QL&
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BLY 37 I
BLY 53 !

APPLICATION INFORMATION

3-stage v.h.f. amplifier with two BLY53 transistors operating at f = 470 MHz.

Ro=504%

! 72100280
7

Components

Ll-= 30 nH
L2 =13 =L5 = 3 turns enamelled Cu wire

(0.5 mm); int. diam. 4 mm
L4 = 25 nH
L6 = L8 = L9 = 4 turns enamelled Cu wire

(0.5 mm); int. diam. 4 mm
L7 = 18 nH
L10 = 8 nH
L11 =L12 = L13 = Ferroxcube choke coil

(code number 4312 020 36700)

Performance

Output power at f = 470 MHz

n typ. 47 %

10 ” H September 1969



BLY38
BLY76

U.H.F. TRANSMITTING TRANSISTORS

N-P-N silicon planar epitaxial transistors in a capstan envelope. The transistors
are intended for battery operated f.m. transmitters with a supply voltage of up to
13.8 V for the BLY38 or up to 28 V for the BLY76.

QUICK REFERENCE DATA

BLY38|BLY76

Collector -base voltage (peak value) VcBOM max. 36 65 V
Collector -emitter voltage (open base) VCcgo max. 18 36 V
Collector current (peak value) IeMm max. 1.5 1.0 A
Total power dissipation

f>1MHz Ptot max., 5.5 4,0 W
Junction temperature T; max. 200 200 ©C

Transition frequency at f = 100 MHz

Ic=0.25A; Vg = S5V i typ. 1000 506 MHz
Output power at f = 470 MHz
P; =0.5 W; Vcg =13.8V Py > 2.0 W
P; =0.4W; Vocg = 28V Py > 2.0 W
MECHANICAL DATA Dimensions in mm
5 3.5
i)
> e ‘
8-32UNC | A
c |x x b A\
€ |E b g |2 :
Nl [TedTe!
F~ite] =@
1 —
e - 15max
7209756.2
10mux 47_9 0'5"\0!
21.7min N 172
10 5.8max
Diameter of hole in heatsink: max. 4.17 mm Torque on nut: min. 7.5 cmkg

max. 8.5 cmkg
When locking is required, an adhesive instead of a lock washer is preferred.
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BLY38
BLY76

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

Voltages

Collector -base voltage (open emitter)
peak value; I = 10 mA

Collector -emitter voltage (open base)
IC =10 mA

Emitter-base voltage (open collector)
I =10 mA

Currents
Collector current (average)
Collector current (peak value)

Emitter current (peak value)

Power dissipation

Total power dissipation
f>1MHz

Temperatures

Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to heatsink

VCBOM
VCEO
VEBO

Icav
IcMm
Igm

Ptot

Stg

Rih j-h

BLY38 |BLY76

max. 36 65 V
max. 18 36 V
max. 4 4 Vv
max. 0.5 0.3 A
max. 1.5 1.0 A
max. 1.5 1.0 A

max. 5.5 4.0 W

-30 to +200 °C
max. 200 ©¢C

= 31 °c/w

September 1969



BLY38

BLY 76
CHARACTERISTICS Tj = 25 OC unless otherwise specified
Base-emitter voltage 1) BLY38 | BLY76
Ic =0.25A; Vg =5V VBE < 1.5 1.5 V
Saturation voltage
Ic =0.25 A; Ig = 50 mA VCEsat < 0.5 0.5 V
D.C. current gain
I =0.25A; VCE =5V hrg typ. 70 30
Transition frequency at f = 100 MHz —
I[c=0.25A; Vg = 5V fp typ. 1000 900 MHz —
Collector capacitance at f = 1 MHz
Ig =1 =0; Vg = 13.8 V Cc typ. 5.5 pF
Ig=lg=0;Vgp= 28V Ce typ 3.5 pF
Collector -stud capacitance typ. 2 2 pF
h parameters at f = 470 MHz
Ic =0.25A; VCE =5V
Input resistance Re(hie) typ. 6 @
Input reactance Im(hie) typ. 11 12 Q
1) Vg decreases by about 1.5 mV/OC with increasing temperature,
September 1969 “ “ 3



BLY38
BLY76

CHARACTERISTICS (continued)
R.F. performance at f = 470 MHz (common emitter) of the BLY38

Vg = 13.8 ViP5 =2.0W Pi < 0.5
Gp > 6.0
n > 60

R.F. performance at f = 470 MHz (common emitter) of the BLY76

VCE =28 V; Py = 2.0 W P; < 0.4
Gp > 7.0
n > 60

All transistors are tested with a V.S.W.R. of 50 varied through all phases.

Ty = 25 OC unless otherwise specified

w
dB
%

dB
%

7209975 7209976
typical values H f’_}‘ IBLY38 typical values BLY76
4 VCE =13.8V 3OOMH,Z, 4 Ve =28
By 470MHz  p,
(w) (W) §
3 3 —3??MHz- L 470 MH
18 4
(111
750MHZzT] .
S50MH.
2 2
i 000MHZ
1 1
0 ol
0 05 1 Pj(W) 15 0 05 1 Pj (W) 15
4 “ “ September 1969



BLY38
BLY76

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

Test circuit:

output
500

input
500,

Components: —
Cl=C2=C3=C4=1tol7 pF air trimmer

G5 = 100 pF disk ceramic by-pass
C6 =C7 = 10 nF paper

R1=R2= 10 @

L1 = 35 mm x 6 mm straight Cu strip

L2 = 5 turns Cu wire (0.6 mm); internal diameter 8 mm

L3 = 25 mm straight Cu wire (1.5 mm)

L4 = 3 turns Cu wire (1.0 mm); internal diameter 3.5 mm; winding pitch 2 mm;
leads 2x10 mm

L5 = FXC choke (code number 4312 020 36640)

7209965.1 72099641
10 BLY38 10 BLY76
Ic
Ic
(- A) (A) T
1 1
3
2 I
N:
I N
01 \“ 01 ! o
‘\
A"
.
0.01 001 ‘
1 10 Vce(V) 100 1 0 Veg(V) 100

I Region of permissible operation under all base-emitter conditions and at all
frequencies, including d.c.

IT Additional region of operation at f >1 MHz.
Care must be taken to reduce the d.c. adjustment to region I before removing
the a.c. signal. This may be achieved by an appropriate bias in class A, B or C
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BLY 38

BLY76 |
7209973
typical values
IE :Ie=0
20 f=1MHz
Ce
(pF)
15
10
— ‘\
5 = LY38
= BLY 761
0
0 20 40 Veg(V) 60
210660
T 11
[ 1]
Ic typical values
(mA) Vee =5V 3§
BT
Tj=25°C 1
o j 41 J.’
2
2
%
2 /
74
AL
102 7 -
II V4
4 V4
s 4
/
A ,/
2l
2
a0
/
10 -1 5 2 5 2 s 2 3
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BLY 38

BLY 76
7209967
typical values
Vcg=5V
80| Tj= 25°C
hre
e
N
60 —
—
-
40
[\
\ —
. \ —_—
\ —
\ —
\ —
N \‘ —
20 “BLY3
—
A) BLVJ ©
1
0 1
10 102 10° Ic (mA) 10
7209974
typical values
I =250mA
20 Vcg =5V
Ig
(mA)
15
10
BLY 761
5
BLY38/1t
0
0 100 Tj(°C) 200
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BLY 38

BLY 76
7Z0.9,9,7.2. 7jZ'O'9'9"II'
typical values BLY38 typical values BLY 76]
20 Vce=5V f 20 VCE =5V
£=470MHz f =470 MH
Im(hie) : Im(hje) z
Re(hije) Re(hie)
(L) (L)
15 15
Im hie)
[m(hie) ]
LT
10 mnman: 10
e Re(hje)
— e (hje)
5 5
0 0
0 100 2001 (mA)300 0 100 200 Ic(mA)300
15 7210021 72100221
| typical value BLY38 typical values LY76
T = 25° Tj=25°C
Ic ] 0.8 T
® Tc e Cioomn
(A) = 21, 200MHzZ
f1=100MHZ 7
1 . 06
i JOMHz
17
00MHZz 600MH2
5 oM 04 e
/7 500MHz ) y <
0.5t = gggm:g / B800MHzEEH
2= = 800MHz AN
- = S00MH;
= 900MHz
1
NN 1100MH
- S T Z
0 = S 000MHz .
0 5 Veg(V) 10 0 10 20 Vcg(V) 30
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BLY 38
BLY 76

105 720996
typical values
Iceo
(nA)
/
104
103 /
© / "
ny
“ R/
Q Y4
102 = ¥
& 4 D
< R\
10 o, %
/
IV 7
1 / (
/ %
|
I
y l
10! LA }
0 50 100 150 Tj (°C) 200
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APPLICATION INFORMATION

3-stage v.h.f. amplifier with the BLY38 in the driver stage operating at f = 470 MHz

Ro=504)
T0pF
TerweT "
3V
47nF
L1 = 30 nH
1.2 =13 =L5= 3 turns enamelled Cu wire (0.5 mm); int. diam. 4 mm
14 = 25 nH
L6 = L8 = L9 = 4 turns enamelled Cu wire (0.5 mm); int. diam. 4 mm
L7 = 18 nH
L10 = 8 nH
L1l = L12 = L13 = Ferroxcube choke coil (code number 4312 020 36700)
Performance
Output power at f = 470 MHz
VCC: 13V;P;=0.3W PO typ. 8 W
n typ. 47 %

10 “ September 1969



BLY87 to 89

BFS22

SILICON EMITTER GRID V.H.F. POWER TRANSISTORS

N-P-N epitaxial planar transistors primarily intended for v.kh.f. transmitting ap-
plications with a supply voltage of 13.5 V in class B and C in mobile industrial and
military equipment.

The transistors are resistance stabilized and are tested under severe load mismatch
conditions.

The BFS22 has a TO-39 metal envelope with the collector connected to the case.
The BLY87 to 89 have a " capstan envelope.with a moulded cap. The leads are
insulated from the stud.

QUICK REFERENCE DATA

BFS22|BLY87|BLY88[BLY89
Collector-base voltage (peak value) Vopopm max. 36 36 36 36 V
Collector-emitter voltage (open base) Vcgg max. 18 18 18 18 V
Collector current (peak value) Icm  max. 2.25 13.75 | 7.5 10 A
Total power dissipation at f> 1 MHz
Tmp = 25 °C Prot max. 8 w
Ty, =250C Ptot max. 16 29 44 W
Junction temperature T; max. 200 | 200 | 200 | 200 °C
Transition frequency at f =100 MHz
Ic = 350 mA; Vg =10V fr typ. 700 | 700 MHz
Ic = 700 mA; VCg =10V gy typ. 700 MHz
Ic = 1000 mA; Vcg =10V f typ. 700 MHz
R.F. performance at f = 175 MHz; Vcg = 13.5 V
Type No. | Tmb (°C) | Tp(°C) | Py (W) | Py(W) | Gp(dB) | 2 (%)
BFS22 25 4 <0.63 >8 > 60
BLY87 25 8 <1.0 >9 > 70
BLY88 25 15 <2.65 >7.5 > 65
BLY89 25 23 <3S5.75 >6 > 70

MECHANICAL DATA see page 2
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BLY87 to 89 ”
BFS22 H

MECHANICAL DATA
BFS22

TO-39
Collector connected
to case

Accessories available: 56218; 56245; 56265

BLY87 to 89
e
J— [+
g I
i
D b
e
‘g.equ
25min

Diameter of hole in heatsink: max, 4,17 mm

Dimensions in mm

85 max

s
€
@
~
) %
P——————
Y 1
66Max 127min

w
'
g 1= |
‘%’ 80
124
& i
@®
39]
7209645.2 m

Torque on nut: min, 7.5 cmkg

max. 8.

5 cmkg

When locking is required, an adhesive instead of a lock washer is preferred.

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

Voltages BFS22|BLY87|BLY88|BLY89
Collector -base voltage (peak value)
Ig = 0; IC =1 mA VcpoMm max. 36 36 v
Ig =0; Ic =3 mA VcBoM max. 36 36V
Collector -emitter voltage (open base)
Iy =0;Ic = 10 mA Vogo max. 18 | 18 v
Ig =0;Ic =25 mA Vecgpo max. 18 18 V
Emitter -base voltage (open collector)
Ip = 0; IE =1 mA Vgpo max. 4 4 A%
IC =0; IE = 3 mA VEBO max. 4 4V
2 August 1969



BLY87 to 89

BFS22
RATINGS (continued)
Currents BFS22|BLY87|BLY88|BLY89
Collector current (average) Icay max. 0.75 | 1.25 2.5 3.5 A
Collector current (peak value) Icm  max. 2.25 | 3.75 7.5 10 A
Power dissipation
Total power dissipation at f>1 MHz
Tmb = 25 ©C Piot  max. 8 W
T, =250°C Piot  max. 16 29 4 W
Temperature
Storage temperature Tstg =65 to +200 -30 to +200 oC E
Junction temperature Tj max. 200| 200 200 | 200 oC -— =
THERMAL RESISTANCE -
From junction to mounting base Rth j-mb = 22 oc/wW
From junction to heatsink Rth j-h = 11 6 4 OC/W
From mounting base to heatsink
with a boron nitride washer
for electrical insulation Rth mb-h = 1.2 oC/W

CHARACTERISTICS Tj = 25 OC unless otherwise specified
Collector cut-off current BFS22|BLY87|BLY8S |BLY8SY
Ig=0; Vgg = 14V IcEO < 5 5 10 10 mA
Sustaining voltages
Ic =10 to 200 mA; —VBE =1.5V VCEXSUS[ > 36 36 Y% -
Ic = 10 to 600 mA; -VBg =1.5V VCEXsust > 36 v
Ic =10 to 800 mA; -VBg =1.5V Vcogxsust ™ 36 V
50Hz
| D I vert
oscilloscope
| 00,
= 15V -
T T'Itn?V I
% T 72099351 hor
Saturation voltage
Ic = 500 mA; Ig = 100 mA VceEsat < 0.51 0.5 0.31 0.3 V
August 1969 ” “ 3



BLY87 to 89 Il
|

BFS22 I
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
D.C. current gain BFS22|BLY87|BLY88| BLY89

Transition frequency at f =100 MHz

Io = 350 mA; Vog = 10 V fr typ. 700 | 700 MHz
Ic = 700 mA; Veg =10V fr  typ. 700 MHz
I = 1000 mA; Ve = 10V fr typ. 700 MHz

Collector capacitance at f =1 MHz

Ig =1 =0; Veg = 15V Cc < 15| 15| 30| 45 pF

Input- and load impedance at f = 175 MHz

Simplified circuit diagram

Typical values for minimum input reflection and maximum gain. Vog = 13.5 V.

W
w.—.m:%n
R=500 s—Hf— —
Z
i if
¥
- % 7209826 .
7
Type No. | Tmp (°C) | Th(°C) | Po(W) | Zi@) | Y., me~l)
BFS22 1) 25 4 3.8+ j2,1 | 39.7 -j25.8
BLY872) 25 8 2.6+ j2.6 64.5 — j32.9
BLY882) 25 15 1.5+ j2.9 | 131 -j29.0
BLY892) 25 23 1.3+ j2.8 190 -jl19.6 <«—

R.F. performance in common emitter configuration, class B
(not neutralized) at f = 175 MHz; Vo =13.5V

Type No. | Tmp (°C) Th (°C) Py (W) P (W) Gp (dB) (%)

BFS22 25 4 <0.63 >8 > 60
BLY87 25 8 <1.0 >9 > 70
BLY88 25 15 < 2.65 >7.5 >65| *—
BLY89 25 23 <5.75 >6 > 70 -

All transistors are tested with a V.S.W.R. of 50 varied through all phases.

1y Length of external leads 1.6 mm., 2) Length of external leads 1.0 mm.
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BLY87 to 89
BFS22

CHARACTERISTICS (continued)

Test circuit for the BFS22 at f = 175 MHz (common emitter)

a1

P

Rg=500 >4

G L
—

T rzosnza

C5 =100 pF ceramic
C6 =120 nF polyester
R = 109

E +Vee=135V

* The length of the external emitter wire is 0.5 mm.

C1=C2=C3=C4=4to 29 pF
air trimmer

L1 =1 turn Cu wire (1 mm), int. diam.
10 mm, leads 2x10 mm

L2 = L5 = ferroxcube choke coil.
Z (at f = 175 MHz) = 550  + 20%
Code number 4312 020 36641

L3 = 15 turns closely wound enamelled Cu
wire (0.7 mm), int. diam. 4 mm

L4 = 3 turns closely wound enamelled Cu
wire (1.5 mm), int. diam. 12 mm,
leads 2x20 mm

Test circuit for the BLY87; BLY88 and BLY89 at f = 175 MHz (common emitter)

BLY87 to

c1

A

Rg =500 ;‘\

89 w9

lafiz 10 !
4

Cl1=C2=C3=C4=4to 29 pF
air trimmer

C5=100 pF ceramic
C6=120 nF polyester
C7= 47 pF ceramic
R = 108

** For BLY87 L3 =12 turns closely
wound enamelled Cu wire
(0.7 mm), int. diam. 4 mm

+Vge=135V

L1 =1 turn Cu wire (1 mm), int. diam.
10 mm, leads 2x10 mm

L2 = L5 = ferroxcube choke coil.
Z (at f = 175 MHz) = 550 Q + 20%
Code number 4312 020 36641

* 1.3 = 2turns Cuwire(l mm), spaced 1 mm,

int. diam. 5 mm, leads 2x15 mm

L4 = 2 turns closely wound enamelled Cu
wire (1.5 mm), int. diam. 8.5 mm,
leads 2x20 mm
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BLY 87 to 89

BFS22
6 7209823 15 _ 7209822
typical values } BFS22 typical values [1BLY8?
VCE =13.5V =T VCE =135V [T
Po | £=175MHz 1 Po |f=176MHz [
Tmb =25°C - Th =25°C [
W) Po W) ERENESNNREREr.
’ [ T EREE o
\' T P B T I 4’
4100 - 10[100 ! T
n A L ot
(%) / 5 (%) | y.due
B / | I / N N
[ L rl“AN_‘——‘ f /’ i % ‘[ 1 ‘f
/ N 4 S O A .
— ] NERE RN HENE / *i
= 2{50+H ‘ 5150 ;
—_— / N ;;L__‘_K_FL_M;_Q 10 1
- L 1 % f
T | I I [
T T [ 1 | |
I } - | | | /
f | % ‘
olo T T oLo T T T
0.5 Pi (W) 1 0 1 Pi (W) 2
30 7209821 30 72098201
typical values ’l BLYSS typical values [-{BLY89
VeEg =13.5V I 7] Vcg =135V [ Po
Po | f=175MHz ! | Po | £ =175MHz
(W)| Th=25°C (W) Th=25°C
T TT]
]
R P |
20[100 2 20}100
n p n /
(%) A (%) 7 n
— p——— /I } - i
A f
10{50 10{50
] L
obo—LLLLLT 0-0 .
0 2 Pi(W) & 0 5 Pi(wW) 10
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BLY 87 to 89

BFS22
800 ' 720981
fT 1
o
(MHz) & =
Q1S A
600 AN
A S
y2) Q2
C V. AN7C)
y, typical values
Vce =10V
400Hf = 100MHz
Ti=25°C
Vi =
200 -
0
0 200 400 600 8C0 1000 Ic(mA)
- 7709819
80 typical values
Ig=1g=0
Cec f.=‘lMl-lz
oF) Tj=25°C
\
\
4OHTY
\\ N |
N ~_8
§ 89
20 ™~ SLYa;i
N
~_BFS22,BLys7
OO 20 Veg(Vv) 40
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—= APPLICATION NOTE

The specified power output and gain are as measured in a metal chassis mounted
circuit at a heatsink temperature of 25 ©C. In a printed circuit, the gain at the
sbecified power output may be 0.5 dB lower.*

Also, at temperatures up to 75 9C the power output relative to that at 25 °C is
diminjshed by the following factors:

BLY87 typ. -15mW/OC
BLYS88 typ. —-20 mW/OC
BLY89 typ. -40 mW/°C

* Details on the printed circuit boards are available on request.
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BLY91t0 93

BFS23

SILICON EMITTER GRID V.H.F. POWER TRANSISTORS

N-P-N epitaxial planar transistors primarily intended for v.h.f. transmitting ap-
plications with a supply voltage of 28 V in class B and C in mobile industrial and
military equipment.

The transistors are resistance stabilized and are tested under severe load mismatch
conditions.

The BFS23 has a TO-39 metal envelope with the collector connected to the case.
The BLY91 to 93 have a 1" capstan envelope with a moulded cap. The leads are
insulated from the stud.

QUICK REFERENCE DATA

BFS23|BLY91|BLY92|BLY93

Collector-base voltage (peak value) Vcgom max. 65 65 65 65 V
Collector-emitter voltage (openbase) Vocgo max. 36 36 36 36 V

Collector current (peak value) IcMm max. 1.5 }2.25 | 4.5 6 A
Total power dissipation at > 1 MHz
Tmb = 25 °C Piot max. 8 W
Th =256C Prot max. 16 29 44 W
Junction temperature Tj max. 200 | 200 [ 200 | 200 °C
Transition frequency at f =100 MHz
Ic =200 mA; Vcg =20V fT typ. 500 | 500 MHz
Ic =400 mA; Vo =20V fT typ. 500 MHz
Ic =600 mA; Vcg =20V iy typ. 500 MHz

R.F. performance at f = 175 MHz; VCcg = 28 V

Type No. Tmb (°C) Th (°C) Py (W) P; (W) Gp (dB) n(%)
BFS23 25 4 <0.4 > 10 >55
BLYO91 25 8 <0.5 >12 > 50
BLY92 25 15 <1.5 > 10 > 55
BLY93 25 23 <2.9 > 9 > 60

MECHANICAL DATA see page 2.

September 1969 l ‘
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LY91t0 93 H
FS23 I

MECHANICAL DATA
BFS23

TO-39

Collector connected
to case

Dimensions in mm

Accessories available: 56218; 56245; 56265

BLY91 to 93_

25mxn
37
I'—o

e

_ 96 max

25min

.=
. v

Diameter of hole in heatsink: max. 4.17 mm

g
[ee]
E)t
JEm———
T
——
=
66™ | 127
i 7208684
BZCG 0127

8-32UNC

w

30|

7209648.2 | 9.75™F*

Torque on nut: min., 7.5 cmkg

max. 8.5 cmkg

When locking is required, an adhesive instead of a lock washer is preferred.

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC134)
BFS23

Voltages

Collector -base voltage (peak value)
Ig = 0;Ic = 1 mA
I = 05 Ic = 3 mA

Collector -emitter voltage (open base)
IB:O;IC:lomA
Ig =0;Ig = 25 mA

Emitter -base voltage (open collector)
Ig =0;Ig =1 mA
Io =0;1Ig =3 mA

BLY91

VcpoM max. 65

VCBOM max.
Vcgo max.
VCEo max.
VEBO max.
VEBO max.

36

65

36

BLY92 |BLY93
v

65 65 V
\Y

36 36 V
v

4 Y
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BFS23
RATINGS (continued)
BFS23|BLY91|BLY92| BLY93
Currents
Collector current (average) Icay max., 0.5| 0.75| 1.5 2.0 A
Collector current (peak value) Icm max. 1.5] 2.25| 4.5 6.0 A
Power dissipation
Total power dissipation at > 1 MHz
Tmp =25 °C Piot  max. 8 w
Tp, =25°C Piot  max. 16 29 44 W
Temperature —
Storage temperature Tstg -65 to +200 -30 to +200 oC —_
Junction temperature j ~ max. 200f 200| 200 | 200 °C -— =
THERMAL RESISTANCE
From junction to mounting base Rih j-mb = 22 oC/W
From junction to heatsink Reh j-n = 11 6 4 OC/W
From mounting base to heatsink
with a boron nitride washer
for electrical insulation Rth mb-h = 1.2 o°c/w
CHARACTERISTICS Tj = 25 OC unless otherwise specified
Collector cut-off current BFS23| BLYOL|BLY92|BLY93
Ig=0; Vg =28V IcEO < 5 5 10 10 mA
Sustaining voltages
Ic =10 to 200 mA; -VBE=1.5V  VGEXsust > 65 65 \Y% -
IC =10 to 600 mA; —'VBE =1.5V VCEXsust > 65 \%
Ic =10 to 800 mA; -V =1.5V  Vegpxgust > 65 V
[ 50Hz T
d
| oscilloscope
1sv
i —]1
% o hor
Saturation voltage
I =500 mA; Ig = 100 mA Vegsat < 0.51 0.51 0.3 0.3 V
September 1969 || ” 3
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CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
D.C. current gain BFS23|BLY91|BLY92|BLY93
Ic = 500 mA; VCE =5V hFE > 5 5 5 S

Transition frequency at f =100 MHz

Ig = 200 mA; Vo =20 V fr - typ. 500 | 500 MHz
Ic = 400 mA; VGE.= 20 V fr  typ. 500 MHz
Ic = 600 mA; Vog = 20 V fr . typ. 500 MHz

Collector capacitance at f = 1 MHz

I =Ie = 0; Vg =30 V Cc < 10l 10l 201 30 pF

Input- and load impedance at f = 175 MHz

Simplified circuit diagram

Typical values for minimum input reflection and maximum gain at VCg = 28 V

A

= S
Rs=50.0, 5—;{-'-\— :

=
i "f
¥ ’

e P
4

! 7209826
a

Type No. | Tpp(°C) | Th(°C) | Po(W) |  Zi(® | ¥Yp(malh
BFS23 1) 25 4 3.3+ j1.4 | 10,7 -jl14.1
BLYO91 2) 25 8 2.8+ j1.7 18.7 - j18.4
BLY92 2) 25 15 1.5+ j2.2 36.9 - j31.0
BLY932) 25 23 1.4+ 32.3 | 55.0 -j39.6 =—

R.F. performance in common emitter configuration, class B
(not neutralized) at f = 175 MHz; Vcg = 28 V

Type No. Tmp (°C) Ty (°C) Py (W) P; (W) Gp (dB) n (%)
BFS23 25 4 <0.4 > 10 > 55
BLYO91 25 8 <0.5 >12 > 50.
BLY92 25 15 <1.5 > 10 > 55
BLY93 25 23 <2.9 > 9 > 60 -

All transistors are tested with a V.S.W.R. of 50 varied through all phases.

_l) Length of external leads 1.6 mm. 2) Length of external leads 1.0 mm.
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BFS23

CHARACTERISTICS (continued)

Test circuit for the BFS23 at f = 175 MHz (common emitter)

c3 .
BFS23~ e

Rg =500

1200028 % ‘ s g

1
g LS
(!
+Vee= 28V

* The length of the external emitter wire is 0.5 mm.

Cl1=C2=C3=C4=4to 29 pF L1 =1 turn Cu wire (1 mm), int. diam.
air trimmer 10 mm, leads 2x10 mm

C5 =100 pF ceramic L2 = L5 = ferroxcube choke coil.

C6 =120 nF polyester Z (at f = 175 MHz) = 550 £ + 20%

R = 10Q Code number 4312 020 36641

L3 = 15 turns closely wound enamelled Cu
wire (0.7 mm), int. diam. 4 mm

T4 =13 furng claogely ind enamelled Cu
LT o turns Cilsely wouna enamened Lu

wire (1.5 mm), int. diam. 12 mm,
leads 2x20 mm

Test circuit for the BLY91; BLY92; BLY93 at f = 175 MHz (common emitter)

BLYS1t0 3 ~ _/vvv%r’

+Vog= 268V

C1=C2=C3=C4 =4to 29 pF L1 =1 turn Cu wire (1 mm), int. diam.
air trimmer 10 mm, leads 2x10 mm

C5=100 pF ceramic L2 = L5 = ferroxcube choke coil.

C6=120 nF polyester Z (at f = 175 MHz) = 550  + 20%

C7= 47 pF ceramic Code number 4312 020 36641

R = 10 **L3 = 2 turns Cu wire (lmm), spaced 1 mm,

int. diam. 5 mm, leads 2 x 15 mm

L4 = 2 turns closely wound enamelled Cu
wire (1.5 mm), int. diam. 8.5 mm,
leads 2x20 mm

** For BLY91 L3 =12 turns closely
wound enamelled Cu wire
(0.7 mm), int. diam. 4 mm
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BFS23
6 7209830 15 i 7209832
Po BFS23 typical values BLY91
/ T VCE = 28V
Po [] Po | f =175MHz
- o
(W) typical values| (W) _TJ" =25°C
Veg =28V
/ =175 MHz Pl
41100 | Tmb= 25°C 10{100
n / n ol
(%) (%) é
] I I
/
V4 n
— | L 1 -
— 2150 A4 550
— I
olo — oto :
0 0.5 Pi(W) 1 0 0.5 Pi (W) 1
7209831 7209829
30— 30— .
typical values BLY92 typical values T BLY93
Vce =28V VCE = 28V I ]
Po|f=175MHz [Tl 1p Po| f =175MHz Py,
- o - o
(W) —T—"}ZZS Cﬁ ‘ L (W) Th=25°C I
A Ry
| By
20(100 ~ 201100
n -y n 4
(%) 11/ (%) F1 117
/ . n
[ || — Ty
— & [ 1
10{ 50— 10{50
/ 1]
[
0-0 0Lo
0 2 Pi (W) 4 0 2 Pi (W) &4
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BFS23
7209833
800 typical values
fT VCE :20V
600
N - N = BLY93 111
400 % - .
l"
S A BFS23;BLYY LY92 —
/ =
200 —_
%5 200 400 600 800 1000 I¢ (mA)
60 typical values
Ig=I,=0
Cc|f=1MHz
(pF)|Tj=25°C
40HA
\L
N
N
N
il
20 <~ BLi5;
Six
~BFSP3:BLYS|)1
0
0 20 Veg(V) 40
September 1969 “ H 7
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— APPLICATION NOTE

The specified power output and gain are as measured in a metal chassis mounted
circuit at a heatsink temperature of 25°C. In a printed circuit, the gain at the
specified power output may be 0.7 dB lower.*

Also, at temperatures up to 75 OC the power output relative to that at 25 OC is
diminished by the following factors:

BLY91 typ. -15mW/OC
BLY92 typ. -20 mW/°C
BLY93 typ. -40 mW/0C

* Details on the printed circuit boards are available on request.

8 September 1969



2N3375
2N 3553
2N 3632

SILICON EPITAXIAL PLANAR OVERLAY TRANSISTORS

The 2N3553 is a n-p-n overlay transistor in a TO-39 metal envelope with the col-
lector connected to the case.

The 2N3375 and the 2N3632 are n-p-n overlay transistorsin TO-60 metal envelopes
with the electrodes insulated from the studs.

The 2N3553 and the 2N3375 are intended for v.h.f./u.h.f. and the 2N3632 forv.h.f.
transmitting applications.

QUICK REFERENCE DATA
2N3553| 2N3375 | 2N3632

Collector -emitter voltage

-Vpg = 1.5V VCEX max. 65 65 65 V
Collector -emitter voltage (openbase) VCgo max. 40 40 40 V
Collector current (peak value) IcmM max. 1.0 1.5 3.0 A
Total power dissipation

up to Tmp = 25 ©C Piot ~ max. 7 11.6 23 W
Junction temperature Tj max. 200 200 200 ©oC
Transition frequency

Ic =125 mA; Vog =28V fr typ. 500 500 MHz

Ic = 250 mA; Vg =28 V fT typ. 400 MHz

R.F. performance at Vcg = 28 V
f (MHz) Po (W) Pj (W) n (%)
2N3553 175 2.5 <0.25 > 50
2N3375 100 7.5 <1 > 65
2N3375 400 >3 1 > 40
2N3632 175 >13.5 3.5 > 70
MECHANICAL DATA Dimensions in mm
2N3553 «
Collector connected Eo‘
to case 1 S
TO-39 . =-:%
g —
0|
@ —
s_smaxw< 127m1n

7208684

Accessories available: 56218, 56245, 56265.

—_
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2N3375

2N 3553
2N 3632
MECHANICAL DATA (continued)
2N3375 Dimensions in mm
2N3632 Torque on nut: min. 8 cm kg
max. 17 cm kg
TO-60
The top pins should not be bent Diameter of hole in heatsink: 4.8 to 5.2 mm

ST wommem ggrer

oge

10-32UNF

=]
w
[
[
=z
M
1amax

3qmex 1.0

i R
RATINGS (Limiting values) 1)
Voltages 2)
Collector-base voltage (open emitter) VeBo max. 65 V
Collector-emitter voltage

Ic up to 200 mA; -Vgg = 1.5V VCEX max. 65 V
Collector -emitter voltage (open base)

Ic up to 200 mA VCEO max. 40 Vv
Emitter -base voltage (open collector) VEBO max. 4V
Currents 2) 2N3553 | 2N3375 | 2N3632
Collector current (d.c.) Ic max. 0.35 0.5 1 A
Collector current (peak value) IcmM max. 1.0 1.5 3 A
Power dissipation 2)

Total power dissipation Piot  max. 7 11.6 23 W
up to Tmb = 25 0C

Temperatures

Storage temperature Tstg -65 to +200 °C

Junction temperature T max, 200 ©C

J

1) Limiting values according to the Absolute Maximum System as defined in IEC
publication 134,
2) See also areas of permissible operation at pages 10 and 11.
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2N3375

2N 3553
2N 3632
THERMAL RESISTANCE 2N3553 | 2N3375 | 2N3632
From junction to mounting base Rih j-mb 25 15 7.5 OC/W
From mounting base to heatsink Rth mb-h = 0.6 0.6 OC/W
From mounting base to heatsink
mounted with
top clamping washer of 56218 Rth mb-h = 1.0 oCc/wW
top clamping washer of 56218
and a boron nitride washer
for electrical insulation Rth mb-h = 1.2 oC/W
CHARACTERISTICS Tj = 25 OC unless otherwise specified —
Collector cut-off current 2N3553 | 2N3375 | 2N3632 =
Ig=0; VCE =30V IcEO < 100 100 250 WA -
Breakdown voltages
IE =0; I = 250 uA V(BR)CBO > 65 65 65 V
I up to 200 mA
-VBg = 1.5V; Rg=33Q1) V(BR)CEX > 65 65 65 V
Ig =0 Ly V@R)CEQ > 40 40 40 V
Ic =0;Ig = 250 uA V(BR)EBO > 4 4 4 Vv
Base-emitter voltage
Ic = 250 mA; Vg =5V VBE < 1.5 v
Ic = 500 mA; VCE =5V VBE < 1.5 \%
Ic = 1000 mA; Veg =5V VBE < 1.5 V
Saturation voltage
IC = 250 mA; IB = 50 mA VCEsat < 1.0 \'
Ic = 500 mA; IB =100 mA VCEsat < 1.0 A%
I = 1000 mA; I = 200 mA VoEsat < 1.0V
l) Pulsed through an inductor of 25 mH; 6 = 0.5; f = 50 Hz
g
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2N 3553
2N 3632
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
D.C. current gain 2N3553 | 2N3375 | 2N3632
_ . _ > 15 15
Ic= 125mA; VCg =5V hpg < 200 200
_ . - > 10 10 10
Ic= 250 mA; Veg =5V hpg < 100 100 150
- . - > 5
Collector capacitance at f = 1 MHz
Ig=1e=0;Vgp =28V Cc < 10 10 20 pF
— Collector-case capacitance < 6 6 pF
Transition frequency
Ic =125 mA; Vo =28V fr typ. 500 500 MHz
Ic =250 mA; Ve =28 V fp typ. 400 MHz
Real part of input impedance at f =200 MHz
Ic =125 mA; Vog =28V Re(h;,) < 20 20 Q
Ic =250 mA; Vo =28V Re (hje) < 20 @
R.F. performance at Vog = 28 V
f Py Pj Ic n Test circuit
(MHz) (W) (W) (mA) % at page
2N3553 175 2.5 <0.25 < 180 > 50 5
2N3375 100 7.5 <1 < 410 > 65 6
2N3375 400 >3 1 270 > 40 7
2N3632 175 >13.5 3.5 690 > 70 5

NOTE

The transistors can withstand an output V.S.W.R. of 3:1 varied through all phases
under conditions mentioned in the table above.
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2N3375
2N 3553
2N 3632

CHARACTERISTICS (continued)
Test circuit with the 2N3553 or the 2N3632 at f = 175 MHz

RL=500.

AR

Z Vee d

*) The length of the external emitter wire of the 2N3553 is 1.6 mm.
The emitter of the 2N3632 should be connected to the case as short as possible.

Components

Cl=C2=C3=C4=4to29pF air trimmer
C5 = 10 nF  polyester
C6 = 100 pF  ceramic

L1= 1 turn Cuwire (1.0 mm); int. diam. 10 mm; leads 2 x 10 mm

L2 = Ferroxcube choke coil. Z (at f = 175 MHz) = 550 Q + 20%
(code number 4312 020 36641)

L3

i

15 turns closely wound enamelled Cu wire (0.7 mm); int. diam. 4 mm

L4 = 3 turns closely wound enamelled Cu wire (1.5 mm); int. diam. 12 mm; leads
2 x 20 mm

1

0 for the 2N3553
0 to 2 Q2 for the 2N3632

"
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2N3375
2N 3553
2N 3632

CHARACTERISTICS (continued)
Test circuit with the 2N3375 at f = 100 MHz

er Ri=504u

®”

Jrvzosszs

Components

Cl =C2=3.5t061.5 pF air trimmer

C3 = 10 nF polyester
C4=C5= 4to 29 pF air trimmer
C6 = 330 pF ceramic
C7-= 10 nF polyester

L1 = 2 turns closely wound enamelled Cu wire (1.5 mm); int. diam. 10 mm; leads
2 x 10 mm

L2 = Ferroxcube choke coil. Z (at f = 100 MHz) = 700 2 + 20%
(code number 4312 020 36641)

L3 = 23 turns closely wound enamelled Cu wire (0.7 mm); int. diam. 6 mm

L4 = 5 turns closely wound enamelled Cu wire (1.5 mm); int. diam. 12 mm; leads
2 x 10 mm

R1=1.35Q carbon

R2= 1092 carbon

6 June 1968



2N3375
2N 3553
2N 3632

CHARACTERISTICS (continued)
Test circuit with the 2N3375 at f = 400 MHz

Cé

L4
2N3375
L

AT
i

Tes

rg
I TN
7209522
Vee -

*) The emitter should be connected to the case as short as possible.

Components

Cl1=C2=0.7t06.7 pF
C3 = 0.5to 3.5 pF
C4=C5= 3to 19pF
C6 =C7 = 15 pF
C8 = 4700 pF

ceramic trimmer
ceramic trimmer
air trimmer
ceramic

ceramic

L1 = 20 mm straight Cu wire; diam. 1.5 mm; spaced 8 mm from chassis

L2

17 turns closely wound enamelled Cu wire (0.5 mm); int. diam. 3 mm

L3 = 7 turns closely wound enamelled Cu wire (0.5 mm); int. diam. 3 mm

"

L4

=
1]

0to5 2

1 turn Cu wire (1.5 mm); int. diam. 10 mm; leads 2 x 5 mm

June 1968 | |
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2N3375

2N 3553
2N 3632

APPLICATION INFORMATION
The 2N3553 used in a frequency doubler circuit 87.5 - 175 MHz

w9

—=

|
|
o| > fo=175MHz
| c4'de o
i=875MHz ] €5 I , T Ri=s0a
Rg=50.0. e Rl rl I
ce I Ter cs
- %7) l Ps R2 l -
o VCC=28v ol 7209525
Components
Cl=C2=C3=4to 29pF air trimmer Ry =0to50Q
C4 = 3.5 to 61.5 pF air trimmer Ry = 10 @ carbon
C5 = 56 pF ceramic
Cé6 = 680 pF ceramic
C7 = 150 pF ceramic
C8 = 100 pF ceramic
C9 = 10 nF polyester

L1 = 5turns Cu wire (1 mm); winding pitch 1.5 mm; int. diam. 6 mm; leads
2 x 12 mm
L2 = Ferroxcube choke coil; Z (at f = 87.5 MHz) = 750 2 + 20%
(code number 4312 020 36641)

L3 = 15 turns closely wound enamelled Cu wire (0.7 mm); int. diam. 4 mm
L4 = 6 turns Cu wire (I mm); winding pitch 1.5 mm; int. diam. 6 mm; leads
2x 12 mm
207950!12
—Vgg=750mV adjusted witi. Ry - Po =05W,|
R Vog =26V T Ve = 28V G,
W) n H- (dB)
] (olo) == . H
Jp 1
1 100 i 10
o HHH
L X7.d usas!
T T
T By NN
I [ ! |
s A 50 | [l 1He
0 0 6
0 50  P;j(mw) 100 ~ 250 750 —Vgg(mV) 1250

8 ” June 1968



2N3375
2N 3553
2N 3632

APPLICATION INFORMATION (continued)
The 2N3553 used in a parametric frequency tripler 156.7 - 470 MHz

7  C8 CE, CY

=

2N3553

. fo=470MHz
L4 L8 >
fi=156.7MHz % % t7 % Ri=504.

Rg= 5001

L 3

7209523

o«
Q-
=]

S
5

*) C3 tuned to second harmonic frequency

Components

Cl=C2=C3=C4=4to 29pF air trimmer R; =2.2Q carbon
C5=C6=C7= 4 to 10.4 pF air trimmer Ro = 1082  carbon
C8 = 1.0 pF ceramic

C9 = 12 pF ceramic; feed through

C10 = 100 pF ceramic; feed through

Cl1 = 1000 pF ceramic

Cl2 = 15 nF polyester

L1 = 35 mm straight Cu wire; diam. 1 mm; spaced 5.5 mm from chassis
L2 = Ferroxcube choke coil; Z (at f = 156.7 MHz) = 600 Q + 20%
(code number 4312 020 36641)
L3 = 18 mm straight Cu wire; diam. 1 mm; spaced 5.5. mm from chassis
L4 = 7 turns closely wound enamelled Cu wire (0.5 mm); int. diam. 3.5 mm
L5 = 3 turns Cu wire (1 mm); winding pitch 1.7 mm; int. diam. 8.5 mm; leads
2 x 10 mm
L6 = 2 turns Cu wire (1 mm); winding pitch 1.7 mm; int. diam. 7 mm; leads
2 x 10 mm
L7 = 40 mm straight Cu wire; diam. 1.5 mm; spaced 5.5 mm from chassis
L8 = 1 turn Cu wire; int. diam. 7 mm; leads 2 x 5 mm

Typical performance at Voc =28 V

P, Pj Gp Ic n
(W) W) (dB) (mA) %
1.5 0.27 7.5 125 43
2.0 0.39 7.1 156 46

\O
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2N3375

<) Lo

2N3553
2N3632
7207890 10 7210617
maximum allowable to- |2N3553 <ee also 2N3553
P tal power dissipation I adjacent graph
tot|versus mounting base temp| || I,
(W)
seealso (A)
adjacent graph—
10 1
jui
AN
\\ \
— N -1
— S AN 1 SR
" Prot=Ryc+Pi —Po TN\
N
k\
0 102 .
0 100 Typ (°C) 200 ! 10 Vee (V) 10
15 7207909 10 7210618
maximum allowable to-{2N3375 —ee also 2N3375
p. . |tal power dissipation [7] adjacent graph
tot | versus mounting base temp.| | I
W) see also L1 [] (A)
AN adjacent graph
N
10 1
\C o
N
N\
N \\
N N
N
5 3 10" =
A 1 T
Ptot=Ra.c+Pi-Fo
N
N
N\
0 102 )
0 100 T,,(°C) 200 1 0 Ve 10
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2N3375
2N 3553
2N 3632

30 _ 7207900 10 7210618
maximum allowable to-{2N3632 <ee dlso 2N3632
Prot tal power dissipation [T1] adjacent graph
versus mounting base temp. | I
(W) qL
seealsol L1 (A)
N adjacent graph—|
o
20 ] 1 Y
\ A
N AY
N\
| \\
10 N 0"
1 TIHH
C1Prot=Fac* P -Fy
N
N
L] \-
0 10° 2
0 100 Ty (°C) 200 ! 0 Ve 0

1 Region of permissible operation under all base-emitter conditions and at all fre-
quencies, including d.c.

II Additional region of operation at f > 1 MHz.
Care must be taken to reduce the d.c., adjustment to region I before removing
the a.c. signal. This may be achieved by an appropriate bias in class A, Bor C.

III Operating during switching off in this region is allowed, provided the transistor
is cut-off with -VBB < 1.5V and Rgg = 33 @, Ic <200mA and the transient
energy does not exceed 0.5 mWs.
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2N3375

Il
2N3553 I
2N3632 |
7207911 7207908
typical values 2N3553 typical values 2N3375
VCE:ZBV Veg=28V
Tmb=25°C Tmb=25°C
B[O %
(W) (W)
10! 10 HP; =2W
—15W,
W iy
N 075 WIENNON
AR 1 h
\ N T NCINC
= 5 NG 5 A =
— g ]
——— \\ N g -~
NN NS ™ I~
A NA L WA N9
\\ N sh/—?— ]
O 30}?;%
0 Ml A okt
0 100 200 300 400 0 100 200 300 400
f (MHz) f(MHz)
7207894 7207898
Veg =28V 2N 3632 f=1MHz
Tmp =25°C E=le=
typical values 40 Ti=25°C
R Ce
(W) (pF)
20 AN 30
RN u
\\ j_vt)'P
N AMNN\IN
\ AR NA
ANAY 20
NNORONON
10 NSRS 5w N
N Nz .
\ NN sw U363
9 . NON2W T 10 g3 JH
N 15W ] <N355 AETTTT
1w T 3:2N337¢ T
~~Josw—H
il
0 [ L1 0
0 100 200 300 f(MHz) 0 20 40 VeB (v) 60
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2N3375

2N3553
2N3632
7207905 7207896
VCEsat v
(mV) CEsat
" (mVv)
300 B2 300
A tyP]
A B
Il
2t P
200 24 H 200 oF 2
Ijlri—l:l- & ——
£ —
100 100 -
0 a 0
0

400Ic(mA) 600

7207892

125 Tj (°c) 175

7207893
H 2N3553 H A 632 1
0 2N3375 H
4001 800H-
Ic Ic
(mA) (mA)
300 600
200 400
0 0
0 Vge (V) 0 1 Vgg (V)
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2N3375

||
2N3553
2N 3632
7207902
1000 base current versus 2N3553,
collector current 2N3375
o e e
s RN oh1
(mA) ! }“ ’> )9.
"
/ /,/
/ -~
v al
7]
100 / _
7
7
— V4 /
— ya 17
— V4 /.
— // /r
10
0.1 1 10 Ig(mA) 100
1000 T — — — [7207901
; b~ 2N3632
A e )
Ic A // Jacs base currantt
R versus collector
(mA) X d P current
ANy /1 Veg=5V
/ // % Tj=25°C
4 /"
/ / /s
/ 7/
100A— o
I 4
7 7
/
10
1 10 100 Ig (mA) 1000
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2N3375

2N3553
2N3632
7207899 720790
VCE=5V 2N3553[ VCE:5V N3632
T,225°C 2N3375[ Ti=25°C
hre hre
60 60
typ
typ]
40 H 40
20 20 -
0 0
0 200 4001¢(mA) 600 0 500 1000 Ic(mA)
7207907 76207910
2N3553 Ig=10mA 9mA] 2N3632HTEH Tg=8mAH|
PN R B s Lisansi
400 typical values mAl 400 T mA
_Ti=25°C =TT H {‘} t I typical values mnn
I¢ TmA4 o Ti =25° 6mA]
(mA) o u =P (mA)
30 .. . ér‘nlﬁL
0 H DA 300 A
| 1] y 11
11 7 T
] ] 5mA]
e 4
200 4-rlnlﬁ'- 200
1 T P ]
3mA] [ TA‘
1T I
1] 11
100 2mAl  qg0 ZmA]
£ } { 1
1] ImAS 1mA-
11
(0] & H 0 +
0 2 4 Veg(V) 6 0 2 4 Veg(V) 6

June 1968 H H 15



2N3375

[l
2N3553
2N3632
7207306 7207895
600 typical values 2N3553 600 typical values 2N3632
r |T;=25°C 2N3375 fr |Ti=25°C
(MH2){ 1 H (MH2)
- B
p./ N~ VcE=28V]
g
400 NV 400 u
14V
7V ]
— 200 200
0 oI
0 100 200 300 400 O 100 200 300 400
Ic (mA) Ic (mA)
7207891
Vog=28V
fr
(MHz)
600
- 5 . 5
Ic=125rrA 2N 3‘.’)15’31.2 N337 1yp]
11T IR EENE
HHH Ihléflslalz =+
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2N3375

2N3553
2N3632
6 7207979
typical values 2N3553
P f=175MHz
o
(W)
45%
4 4
</
K\
%)
4 0’;4
/
y / —
2 gummr) =
/‘ —-———
<
1|
0
0 20 Veg(V) 4
7207978 7207980
typical values 2N3375 typical values 1 2N3632
f=175MHz ] £=175MHz
8 —HH 20|class B operation
DA
R © Ay )
RZ7.oymu
(W) N, (W)
; U
6 : 15 ,,\xf‘\’*
Q A
7 au ,gx\,rL
»
4 7 10 zes
4
4 4
2 5 yism
0 0
0 10 20 Veg(v) 30 10 20 Vce(V) 30
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2N 3866
2N4427

SILICON EPITAXIAL PLANAR OVERLAY TRANSISTORS

N-P-N overlay transistors in a TO-39 metal envelope with the collector connected
to the case. The devices are primarily intended for class A, B or C amplifiers,

frequency multiplier- and oscillator circuits.

The transistors are suitable in output, driver or pre-driver stages in v.h.f. and

u.h.f. equipment.

QUICK REFERENCE DATA
Collector -emitter voltage MM
RBg =10 @ Vecgr max. 55 40 V
Collector-emitter voltage (open base) VCEO max. 30 20 V
Collector current (d.c. or averaged over
any 20 ms period) Ic max. 0.4 0.4 A
Total power dissipation up to Typ =250C Piot max. ) 3.5 W
Junction temperature Tj max. 200 200 oC
Transition frequency
Ic = 25 mA; Vg = 15 V; £ = 100 MHz fr typ. 700 MHz
Ic =25 mA; Vo = 10 V; £ = 100 MHz fr typ. 700 MHz
R.F. performance
Type f (MHz) VcE (V) P, (W) P; (W) n (%)
2N3866 400 28 1 <0.1 > 45
2N4427 175 12 1 < 0.1 > 50
MECHANICAL DATA Dimensions in mm
Collector connected to case
TO-39 x
=}
£
@
3
S
g
0 ———|
@
v —1
66mx 127min

Accessories available: 56218; 56245; 56265

7208684
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Il
2N3866
2N4427

RATINGS (Limiting values) 1)
Voltages 2)
Collector -base voltage (open emitter)

Collector -emitter voltage

Collector -emitter voltage (open base)

Emitter-base voltage (open collector)

Currents 2)

Collector current (d.c. or averaged
over any 20 ms period)

Collector current (peak value)

Power dissipation 2)

Total power dissipation up to Tpp = 25 0C

Temperatures
Storage temperature

Junction temperature

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

From mounting base to heatsink
mounted with
top clamping washer of 56218

top clamping washer of 56218
and a boron nitride washer
for electrical insulation

2N3866 | 2N4427
Vcpo max. 55 40 Vv
Vcgr max. 55 40 V
Vcgo max. 30 20 V
Vggo max. 3.5 2.0 V
Ic max. 0.4 0.4 A
IcMm max. 0.4 0.4
Piot max. ) 3.5 W
Tstg -65 to +200 ©C
Tj max. 200 oC
R¢p j-a = 200 oC/W
Rip jomb = 35 oC/WwW
Rth mb-h = 1.0 °C/W
Rih mb-h = 1.2 O9C/W

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

publication 134.

2) See also areas of permissible operation on page 6 .
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2N3866
2N4427

CHARACTERISTICS

Collector cut-off current
IB=0;VCE=28V
Ig=0; Vgg =12V

Breakdown voltages
Ig = 0; Ig = 100 pA
Ic =5 mA; Rgg = 10 &
Iz =0;Ic =5 mA

I = 0; Ig = 100 pA

Collector -emitter saturation voltage

Ic = 100 mA; Ig = 20 mA
D.C. current gain

Ic= S50mA; Vcg =5V

Ic = 100 mA; Vg =5V

Ic =360 mA; Vcg =5V

Transition frequency

Ic = 25 mA; VCE =15 V; f =100 MHz
Ic = 25 mA; Vg =10 V; £ = 100 MHz

Collector capacitance

Ve =28 V;Ig =1 =0;f =1 MHz
VcB =12 V;Ig =1 = 0; f =1 MHz

R.F. performance at T = 25 0C

Tj = 25 OC unless otherwise specified

2N3866 | 2N4427

IceO < 20
V(BR)CBO > 55 40
V(BR)CER > 55 40
V(BR)CEO > 30 20
V@BR)EBO > 3.5 2
VCEsat < 1.0 0.5
hrg 10 to 200

hpFE 10 to 200
hpg > 5 5
fr typ. 700

fr typ. 700
Cc < 3

Ce < 4

MA
MA

< < < <

MHz
MHz

pF
pF

£ (MHz) | VCE (V) PLOW) | Ig (ma) | n@ | o e
2N3866 100 28 1.8 0.05 <107 > 60
2N3866 250 28 1.5 0.1 <107 > 50
2N3866 400 28 1.0 <0.1 < 79 > 45 4 *
2N4427 175 12 1.0 <0.1 <167 > 50 5 *
2N4427 470 12 0.4 0.1 67 50

*) The transistor canwithstand an output V.S.W.R. of 3: 1varied through all phases
for conditions, mentioned in the table above.
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2N3866
2N4427

CHARACTERISTICS (continued)
Test circuit with the 2N3866 at f = 400 MHz

Ca,u" /YL\s"Y\
Al

—/

§L4

11}
b — — — —— ———

C4

VEg = — 28V

Cl1=C2=C3=4to029pF air trimmer

C4 = 4 to 14 pF air trimmer
CS = 1nF feed through
C6 = 12 pF
C7 = 12 nF
R1 = 5.6 Q
R2 = 10 ©

L1 = 2 turns Cu wire (1 mm); int. diam. 6 mm; winding pitch 3 mm

7208l

L2 = Ferroxcube choke coil; Z (at f =250 MHz) =450 2 (code number 4312 020 36691)
L3 = L4 = 6 turns enamelled Cu wire (0.5 mm); int. diam. 3.5 mm (100 nH)

LS = 2 turns Cu wire (1 mm); int. diam. 7 mm; winding pitch 2.5 mm;

leads 2x15 mm.
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2N3866

2N4427
CHARACTERISTICS (continued)
Test circuit with the 2N4427 at f = 175 MHz
Cc3 L4
—
Ci
Hr_ :,\ R =50

7208863

*) The length of the external emitter wire is 1.6 mm

Cl=C2=C3=C4=4to29pF air trimmer

CS = 1nF feed through

C6 = 12 nF

R = 10 @

L1 =2 turns Cu wire (1 mm); int. diam. 6 mm; winding pitch 2 mm; leads 2x10 mm
L2 = Ferroxcube choke coil; Z (at =175 MHz) =550 2 (code number 4312 020 36641)
L3 = 2 turns Cu wire (1 mm); int. diam. 5 mm; winding pitch 2 mm; leads 2x10 mm

L4 = 3 turns Cu wire (1.5 mm); int. diam.10 mm; winding pitch 2 mm; leads 2x15 mm
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2N3866 ,

2N4427
7208866 7210620
6 10 = TN 3866
lso
P ZN3866 b-gfageit graph
tot I,
(w) A
X
A A 1
‘\
\\ — \\
ew?« AN
NS i N
NS Ko 10"
see also R\ i T A
adjacent graph Al %
T T T ACNEN
[T o
Ptot =Fdc. tPi—Po A2
[T
1 -
o LT 10° 2
0 100 Tamb(C) 200 ! 0 Ve 0
6 7208867 10 M— 7210624
Y 2N4427 see also 2N4427
Ptot adjacent graph
IC
(w) o~
4 1
N
AN
& - q
N
2 ‘ NQ 107
see dlso ‘5;90 jung
adjacent graph [ C
EEEEEREE 2
T
Ptot =Fd.c. tPi —Fo
. 3
0 ! 10 )
0 100 Tamb(°C) 200 1 10 Veg(V) 10
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2N3866
2N4427

I Regionof permissible operationunder all base-emitter conditions and at all fre-
quencies, including d.c.

II Additional region of operation at £ > 1 MHz.
Care must be taken to reduce the d.c. adjustment to region I before removing
the a.c. signal. This may be achieved by an appropriate bias in class A, B or C.

III Operating during switching off in this region is allowed, provided the transistor
is cut-off with -Vgg <1.5V and Rgg >33 2, IC <100 mA and the transient en-
ergy does not exceed 0.125 mWs.

7208860 7208861
VCE=28V H 2N3866 VCE =12v HH2N4427
Tmb=25°C Tmb =25°C
2 - typical value 2 typical values
Po R
(W (W
15 N A 15
/N
‘n“\o'?k,
(%5
Qoo R =0IW
N5y, 0075W
1 Nop S 1 005W
"o,‘; N 5 7004W
05 05
N
0 200 400 f(MH2)600 00 200 400 £(MHz)600
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2N3866

2N4427
7208863 7208864
IE :Ie=0 ; VCE=15V “[
f =1MHz f =100MHz
8 -li: 25°C 1000 Tj =25°C
Ce fr Il
(pF) (MHz)
6 800
AN fl,
A
EEy SRR ERaE SEEEEEEEEEE
[ E ]L -
4 600 H+ it
e I I I
— typ i i "
— 2 400
0 200 - i
0 10 20 Veg(V) 30 0 100 200 Ic(mA) 300
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2N3924
2N3926
2N 3927

SILICON EPITAXIAL PLANAR OVERLAY TRANSISTORS

The 2N3924 is a n-p-n overlay transistor in a TO-39 metal envelope with the col-
lector connected to the case.

The 2N3926 and the 2N3927 are n-p-n overlay transistors in TO-60 metal envelopes
with the emitter connected to the case.

The transistors are intended for v.h.f. transmitting applications.

QUICK REFERENCE DATA

. 2N3924 [ 2N3926 | 2N3927
Collector -emitter voltage

-VBE = 1.5V Vcgx max. 36 36 36 V
Collector -emitter voltage
(open base) Vcgo max. 18 18 18 V
Collector current (peak value) Iom max. 1.5 3.0 4.5 A
Total power dissipation
up to Typ = 25 0C Piot max. 7 11.6 23 W
Junction temperature T]- max. 200 200 200 ©C
Transition frequency
Ic = 100 mA; Vg =13.5V fr > 250 250 MHz
Ic =200 mA; Vgg =13.5V fr > 200 MHz
R.F. performance at Vg = 13.5 V; f = 175 MHz
Py (W) Pi (W) 1 (%)
2N3924 4 <1 > 70
2N3926 7 <2 > 70
2N3927 12 <4 > 80
MECHANICAL DATA Dimensions in mm
2N3924 5
Collector connected 5
to case S
TO-39 s
5 e
Te]
s o]

66 ™Max 12.7rnin ’

- 7208684

Accessories available: 56218, 56245, 56265.

—
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2N3924

2N3926

2N 3927

MECHANICAL DATA (continued) Dimensions in mm
2N3926

2N3927 Diameter of hole in heatsink: 4.8 to 5.2 mm
TO-60 The device is supplied with nut and lock washer

The emitter connected to the case

The top pins should not be bent Torque on nut: min. 8 cm kg

max. 17 cm kg

N
198qu
10-32UNF g€
() :
(&) 2 =
<& y:1
10-32UNF 31mex | 1o |
150 Wl |
1072 ngme
7208701

RATINGS (Limiting values) 1)
Voltages 2)
Collector-base voltage (open emitter) Vepo — max. 36 V
Collector-emitter voltage

Ic up to 400 mA; -VBg = 1.5V Vcgx  max. 36V
Collector -emitter voltage (open base)

I up to 400 mA VCcEo max. 18 VvV
Emitter -base voltage (open collector) VEBO max. 4 VvV
Currents 2) 2N3924 | 2N3926 | 2N3927
Collector current (d.c.) Ic max. 0.5 1.0 1.5 A
Collector current (peak value) Icm max. 1.5 3.0 4.5 A
Power dissipation 2)
Total power dissipation

up to Ty = 25 °C Prot  max. 7 11.6 23 W
Temperatures
Storage temperature Tstg -65 to +200 °C
Junction temperature T. max. 200 ©C

J

1) Limiting values according to the Absolute Maximum System as defined in IEC
publication 134,
2) See also areas of permissible operation at pages 8 and 9.
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l 2N3924

2N 3926
2N3927
THERMAL RESISTANCE 2N3924 | 2N3926 | 2N3927
From junction to mounting base Ry j-mb 25 15 7.5 °C/W
From mounting base to heatsink Rth mb-h = 0.6 0.6 OoC/W
From mounting base to heatsink
mounted with
top clamping washer of 56218 Rth mb-h 1.0 oc/wW
top clamping washer of 56218
and a boron nitride washer
for electrical insulation Rih mb-h 1.2 oC/W
CHARACTERISTICS Tj =125 OC unless otherwise specified —
Collector cut-off current 2N3924 | 2N3926 | 2N3927 —
Ig=0; Vcg =15V IcEO 100 100 | 250 pA -
I = 0; VCE = 15 V; T;=150 °c ICEO < 5 5 5 mA
Breakdown voltages
Ig = 0; Ig = 250 pA V(BR)CBO > 36 36 36 V
Ic up to 400 mA
-Vpg =1.5V;Rg =332 1) VER)CEX > 36 36 36 V
IB =0 ) V(BR)CEO > 18 18 18 Vv
Base-emitter voltage
Ic= 250 mA; Vg =5V VBE < 1.5 v
Ic = 500 mA; VCE =5V VBE < 1.5 \Y
Ic = 1000 mA; Vg =5V VBE < 1.5 V
Saturation voltage
Ic = 250 mA; Ig = 50 mA VCEsat < 0.75 A%
Ic = 500 mA; Ig = 100 mA VCEsat < 0.75 A%
IC = 1000 mA; Ig = 200 mA VCEsat < 1.0 Vv

1) Pulsed through an inductor of 25 mH; 6 = 0.5; f = 50 Hz -
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2N3924
2N 3926
2N3927

CHARACTERISTICS (continued)

]

T = 25 9C unless otherwise specified

D.C. current gain 2N3924 | 2N3926 | 2N3927
Ic = 250 mA; Vg =5V h >
C- ma; VCE ~ FE < 150
Ic = 500 mA; Vo =5V h g >
C - ma; VCE FE < 150
I- = 1000 mA; Vg =5V h g >
C ~ ma; VCE ~ FE < 150
Collector capacitance at f =1 MHz
Ig =1, =0; Vg =13.5V C. < 20 20 45 pF
Transition frequency
Ic = 100 mA; Vog = 13.5V fT 250 250 MHz
Ic =200 mA; VCg =13.5V fr 200 MHz
Real part of input impedance at f =200 MHz
Ic =100 mA; VCE = 13.5V Re(hje) < 20 20 Q
Ic =200 mA; Veg = 13.5V Re (hie) 20 @
R.F. performance at Vo = 28 V; f = 175 MHz
Py P; Ic n Test circuit
(W) (W) (mA) % at page
2N3924 4 <1 < 420 > 70 5
2N3926 7 <2 < 740 > 70 6
2N3927 12 < 4 < 1100 > 80 6

NOTE

The transistors can withstand an output V.S.W.R. of 3:1 varied through all phases
under conditions mentioned in the table above.
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2N3924

2N3926
2N3927
CHARACTERISTICS (continued)
Test circuit with the 2N3924 at f = 175 MHz
G
2N3924 —
C1
i I.
L."\ RL=50.0.

3
|
|
|
|
|
|
|
]

]

2 Ve

| CiJ 7209555 Ed
+

*) The length of the external emitter wire of the 2N3924 is 1.6 mm.

Components
Cl=C2=C3=C4=4to29pF air trimmer

CS = 10 nF polyester

n

L1
L2

1 turn Cu wire (1.0 mm); int. diam. 10 mm; leads 2 x 10 mm

Ferroxcube choke coil. Z (at f = 175 MHz) = 550 Q + 20%
(code number 4312 020 36641)

L3 = 15 turns closely wound enamelled Cu wire (0.7 mm); int. diam. 4 mm

L4 = 3 turns closely wound enamelled Cu wire (1.5 mm); int. diam. 12 mm; leads
2 x 20 mm

w
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2N3924 ||
2N3926
2N3927

CHARACTERISTICS (continued)
Test circuit with the 2N3926 or 2N3927 at f = 175 MHz

s
RS =500
‘7209555 % s d
a —l I—_—
R C6
— M
4 &
Vee ot
Components
Cl=C2=C3=C4=4to29pF air trimmer
C5 = 100 pF ceramic
Co6 = 10 nF polyester

Ll = 1 turn Cuwire (1.0 mm); int. diam. 10 mm; leads 2 x 10 mm

L2 = Ferroxcube choke coil. Z (at f = 175 MHz) = 550 Q + 20%
(code number 4312 020 36641)

L3 = 15 turns closely wound enamelled Cu wire (0.7 mm); int. diam. 4mm

L4 = 2 turns closely wound enamelled Cu wire (1.5 mm); int. diam. 8.5 mm; leads
2 x 20 mm

R =109 carbon
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2N3924

2N3926
2N3927
i 7208181 7208183
typical vdlues 2N3924 2N3926
VeE=135V
Trb = 25°C 8 \
Po Po <01
(W) (W) y ;\l;l:
6 6
\‘ A |
\ \ ’Qﬂ—‘l——- eét
houn
4 3 6},/— 4
I\I‘ —
N 1 N 71, e
/L;,E typical values H17\: “‘s‘l’* —
. Ve =13.5V r)U** =
2 N5 2/ Tmb = 25°C &
C
W]
I I
0 O I |
0 100 200 f(MHz)300 0 100 200 £(MHz) 300
i 7208182 60 7208188
typical values 2N3927 Htyp Ig=1,=0
0 Vcg=13.5V f=1MHz
20[Tmp =25°C Ce Tj=25°C
Po (pFIM
(W)
15 40
AN
N
[ty N
N 2 \ 2N3927
h T 20 N\
N N L?ﬁ; NV
b LN SN
5 N i = _|2N3924
X 2N3926
Ilw_
1
I
0 . 0
0 100 200 f(MHz) 300 0 20 Veg (V) 40
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2N3924

2N3927

[l
2N3926 H

7208196

L ‘0 T L LT TIY 7210623
maximum allowable to- |2N3924/ see also 2N3924
tal power dissipation 1 adjacent graph

Ptot|versus mounting base temp| | | I,
(W)
see also H-1H (A)
adjacent graph—|
1
10 o
AN
~
o N
— 5 N o 107!
r—— ji I
[ Prot=Ryc+Pi —Po N
<
0 102 ,
0 100 TppC) 200 ' 0 V) 0
15 7208197 10 S 7210621
maximum allowable to-{2N3926 =ee also 2N3926
P, tal power dissipation [T adjacent graph
tot | versus mounting base temp.| 1 I
W) see also L1 I] (A)
adjacent gra|
\ ) grap -
10 1
\
\
A
N\
\\
5 e 0 ] —
Ptot=Ric*Pi-Fo
N
N
0 10° )
0 100 T, (°C) 200 ! 0 Ve 0
8
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2N3924

2N 3926
2N 3927
30 i 7208198 0 »210622
maximum allowable to-12N3927 —ee aleo 2N3927
Prot tal power dISS.IpOtIOn ] adjacent graph
W) versus mounting base temp I
C
seealsd L] (A)
adjacent graph— o
20 1
N l\
\
-
10 0" —
m ——
Pot=Fa.c* Pi -R —
\
0 107 )
0 100 Tpp (°C) 200 ! 10 Vee (V) 10

I Region of permissible operation under all base-emitter conditions and at all fre-
quencies, including d.c.

II Additional region of operation at f >1 MHz.
Care must be taken to reduce the d.c. adjustment to region I before removing
the a.c. signal. This may be achieved by an appropriate bias in class A, B orC.

III Operating during switching off in this region is allowed, provided the transistor
is cut-off with ~Vgg < 1.5V and Rgg =33 2, Ic < 400 mA and the transient
energy does not exceed 2 mWs.
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2N3924
2N3926
2N3927
7208187 7208193
Ic Ic =250 mA
T— - - 400 IB = 50 mA
Tj=25°C
VCE sat VCE sat
(mV) (mV)
300 300
[ o4
200 S 200 ol
—_— 0 TIN3928] !
— R et =
—— Y ot I — \‘!p;
— q,b\)c’ f [ ‘,_, =
100 5;3;\1 i 100+ N392 .
A
5o
:1',‘;1,'\“~5
T
o L 0
0 200 400 I¢ (mA)600 0 50 100 Tj (°C) 150
7208194 7208195
4o0fIzEC H  sooR)T
I I
(mA) (mA)
300 600
typ typ
200 400
100 200
0 0
0 05 1 Vge(V) 0 05 1 Vgg (V)
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2N3924
2N3926
2N3927
7208189 7208191
VCE =5V %mgggg Veg =5V 2N3927
Tj=25°C (=250
80 solTi=25°C
Ty
hrg typ hre =R
60 60
40 40
20 20 -
0 0
0 200 400 Ic(mA)600 0 500 10001¢ (MA)1500
: ] 7208184 7208185
2N3924 - HHHHE N H typical values 2N3927
2N3926-HHHH 20 H Tj=25°C
800| typicdl values [\® k] 2000
P
T;i=25°C il
Ic 1 o Ic i
(mA) 5 ﬁﬂ“l‘}; (mA) !
1117 |
600 HInd 1500 A
- ; 0m 230m’
/ SEn. et
SMY 200
/ Ll ' \‘ﬂ I l[\_
400 / 1000 o0
/ Bm A T
o - 10mA]
3mA] /Y 5 E?WA
L] 4 N
200+ 500 irs 5mA
E: 4 ‘\ # i i % %
u m ;mA‘
A 11T
0 1 O 11T
0 0.2 0.4 \CE(V) 0.6 0 0.2 0.4 Vog (V)06
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oN3924 ||
2N3926
2N3927
7208192 7208186
600 typical values 2N3924 600 typical values 2N3927
Tj=25°C [T 2N3926 I] =25°C
fr | fr
T
(MHZ) \VC LK) (MHz2) VcE=13-5y
V. ™~ N 'SZ s
4 ™~ NS TN P L/ |
4007 <N 400 e 10V—-5V
N ov N Z
! ]
— 200 200
0 0
0 200 Ic (mA) 400 0 200 Ic (mA) 400
7208190
600 VCE=13.5V
T
fr T
(MHz) [T 2N3934F2,N§926 Tc o
= <100 mA |
2N3927 200 mA
400
200
0
0 100 T; (°C) 200
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2N4427

SILICON EPITAXIAL PLANAR OVERLAY TRANSISTOR

—
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Field effect transistors






BFS28

SILICON N-CHANNEL DUAL INSULATED GATE
FIELD EFFECT TRANSISTOR

Depletion type field effect transistor in a TO-72 metal envelope with source and

substrate connected to the case.

This M. O.S. -tetrode is intended for a wide range of applications in communication,

instrumentation and control.

The tetrode configuration, a series arrangement of two gate controlled channels

offers:

a. very low feedback capacitance providing the possibility of more than 40 dB gain
control in r.f. amplifiers requiring negligible a.g.c. power.

b. excellent signal handling capability over the entire gain control range.

c. low noise figure combined with high gain.

QUICK REFERENCE DATA

Drain-source voltage Vpsx max. 20 V
Gate 1-source voltage +V@gi-s max. 8 Vv
Gate 2-source voltage +V@a2-s max. 8 Vv
Drain current ID max. 20 mA
Total power dissipation up to Tayp =25°C Piot max. 200 mW
Junction temperature T max. 135 OC

Transfer admittance at f = 1 kHz > 8 ma-l
Ip = 10 mA; Vpg = 13 V; +Vgo.g=4V |yfs|
Feedback capacitance at f = 10 MHz

ID = 10 mA; Vpg = 13 V; +V@2-s =4V -Cyrs typ. 25 f{F

Transducer gain at f = 200 MHz
Ip = 10 mA; Vpg = 13 V; +Vg2-s =4V

Bs and By, tuned for maximum gain Gtr typ. 18 dB
Noise figure at optimum source admittance

Ip =10 mA; Vps = 13 V; +Vga-s =4 V;

f = 200 MHz Frmin Bis 2 ﬁ

MECHANICAL DATA see page 2.
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BFS28

MECHANICAL DATA Dimensions in mm

TO-72
] . )
-
'

Source and substrate
connected to the case
5.3max 12.7™in
- e 7210361

0.48max

g2 d
gl s

4.8m

Accessories available: 56246, 56263

Note: To safeguard the gates against damage due to accumulation of static charge
during transport or handling, the leads are encircled by a ring of conductive
rubber which should be removed just after the transistor is soldered into the
circuit.

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

Voltages
Drain-source voltage VDsx max. 20V
Gate 1-source voltage +VGl1-S max. 8 VvV
Gate 2-source voltage +V@G2-s max. 8 V
Non repetitive peak voltage (t<10ms)
gate 1-source voltage +VG1-sMm max. 50 V
gate 2-source voltage +V@a2-sMm max. 50 VvV
Current
Drain current Ip max. 20 mA
Power dissipation
Total power dissipation up to Tamp = 25°C Ptot max. 200 mW
Temperatures
Storage temperature Tstg -65to +135 °C
Junction temperature T; max. 135 ©C
THERMAL RESISTANCE
From junction to ambient in free air Rth j-a = 0.55 ©°C/mW
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BFS28

CHARACTERISTICS Ty =25 OC unless otherwise specified

Gate 1 cut-off current

tVgi-s = 8V VG2-5 = 0; VDg=0; Tj=135°C +Ig1-ss < 1 nA

Gate 2 cut-off current

+Vg2-s=8V; Vg1-5 = 0; VDg=0; Tj=135°C +lg2:ss < 1 nA

Gate 1-source voltage

- Ip=10mA; Vps = 13V; +V@a-s=4V -Vg1-s 0.6t02.8 V

Gate 1-source cut-off voltage

Ip = 100uA; Vps = 20 V; +V@2-s =4V -Vg1-§ < SV

Gate 2-source cut-off voltage

ID = S0 uA; VDS =20V; VGI-S =0 —ng_s < 4 V
Yy -parameters (common source)
Ip = 10 mA; Vpg = 13 V; + VG2-§=4V; Tamb = 25°C

Transfer admittance f£= 1kHz |st| t>yp 12 Zg-i
f = 200 MHz lves|  typ.12.1 moT
f = 500 MHz |vis| typ. 11.2 mQ~1
Feedback capacitance f = 10 MHz -Crg typ. 25 fF
Transducer gain at f = 200 MHz
Ip =10 mA; Vps = 13 V; +VG2-§ =4V
Gg=1.3m0~L; 6p, = 1 mQ™L; Tymp = 25 °C
Bg and By, tuned for maximum gain Gir typ. 18 dB
Maximum unilateralised power gain at Tamb =25°C
Gypm in dB = 10 log M
8isfos

Ip = 10 mA; Vps = 13 V; +Vga-g = 4 V; £=200 MHz Gum typ. 21.3 dB
f=500 MHz Gum typ. 7.3 dB
Noise figure at optimum source admittance at f = 200 MHz

Ip =10 mA; Vps = 13 V; +V@a-§=4V

Gsopt = 1.4 m2 ™1 Bggpe = 5.5 m@~1; Ty = 25 °C

typ. 3
Fmin <y P

& &

March 1969 H ” 3



BFS28

7210323
Vps =13V typical values
+VG2-5 =4V +Vg2-5=4V
Tj =25°C Tj=25°C
|
Ip !
20 ST
S, ]
O -0.5V]
7
/
‘V
-1V
10 A i
4
1/
-1.5V]
/ I
y 117 T
4 it -2V,
e L 11

% Ves W 1 olo

0 Vpstv) 15

210329
typical values
Tj=25°C
Ip
(mA) N Q
AEENREE
20 9‘7‘\'—’\?'5 '\f"*")?‘
7 15V
f”l 1/ i
S :
N
i = Y
IJ = I
a» < 0.5V
10 Za il 3
7 ——— |
|
=05V
[
-1V
H
0 =15V
=2 0 4 Vgi-s(V)
4 II ” March 1969



BFS28

7210332 2 7210325
30 typical values 10 ! ‘typ 10
Vps =13V
Ip +VGZ—S =4V lyf?l Io
(mA) (mn: ) i (mA)
D tyE
10 1
v B
20 - 'G"_S:E:
| / VpsZ 3V
0.5V 1 /yfsl £ % = 200 MHz -1
1 T Vg1 -5 adjusted for 10
] } { ID =10 mA at
ard 2~ ’\;GZ'S:;sXC
10 V] _z*é‘ - s ﬂ_ le:::gbl’eng(h = lmm
107 1072
1.5V
T
2V
0 102 -3
0 50 Tj(°C) w0 -2 0 2 Vgos(V) 4
7210330 _ 7210334
typical values typical values
Vps =13V Vps =13V
15 +VG2-5=4V +VG2-5=4V
9fs Tamb =25°C -bgg | Tamb=25°C
% lead length=1mm =1mm|
(m™) ng () lead length 1§nr
10 S5 15
O
N \N D= OmA]
5 g 10 —
omA
"f”, inSEn
{ A ?ITA.
0 7 > ~ S5HT
ar Ima
I } 1T
-5 o L1 1T
0 200 400 f(MHz) 600 0 200 400 f(MHz) 600

March 1969



BFS28

7210324
typical values
Vps =13V
*Vg2-s =4V
Tamb =25°C
9is [lead length=1mm
bis
(ma)
102
1n=10mA
o TmAK
10 Dis ] g T T
prd 4//,4 :,— T
/ 21| [10mA
1: = 5mA
= ——9is mA
/
10'1: /
1072
1073
0 200 400 f (MHz) 600

6 ” ” March 1969



BFS28

10* 7210326
Htypical values + 8&:: H
%os HHVps =13V S
°s +g-g= 4V N
(ua’) mb =25°C v
103 d length=1m / L
//
: N
10 m ]
3mAf
/ 1mAH
V. L
S,
10
4
l
, |
1073 107" 107f (MHz) 10°
7210327 ‘ 7210333
H typical values tyEi%—hH Sums
N Vps =13V T
30K +VG2-5% 4V yos 2
Gum Tamb =25°C £%° ~ 200 Mz
_ VG1-5 adjusted for
(dB) lead length=lmm IDGl § adjust :tf
Vg2-s =4V
20 Tamb = 25 oC
lead length = 1 mm
S Ip=10mA ]
. SmA ]
10 \‘ 3mA
0 N
NUmA H vslat VG2-g = +4 Vi
] Ves lat Vga.og < +4 VH
10 £ L i &8
0 400 f(MHz) 600 2 Vgo-s(V) 4

March 1969



BFS28

7210328 ‘ 00 2 4 Gg(ma")6
f=200MHz typical values
Y5=(14-j55)mL’ f = 200MHz
8 Vpsg =13V Vps =13V
F +Vo2-5=4Y +VG2-5=4V
(dB) Tamb =25°C | 2|Ip = 10mA
Tamb =25°C
6 5
P
&,
4 s PR
/ = qdo 06_ Loé;
i PN NS
4 u =GR
B8 1/ /ABARRNKCR Y6y Sk SAa RASRE
typH NER ST
_B N ey = i/
2 S
e (mar)
— 8
0 1 I
0 10 Ip(mA) 15 7210331
8 “ ” March 1969



BFW10
BFW11

N-CHANNEL SILICON FIELD EFFECT TRANSISTORS

N-channel silicon epitaxial planar junction field effect transistors in a TO-72 metal
envelope with the shield lead connected to the case.
The transistors are designed for broad band amplifiers (0 to 300 MHz).

Their very low noise at low frequencies makes these devices very suitable for dif-
ferential amplifiers, electro-medical and nuclear detector pre-amplifiers.

QUICK REFERENCE DATA

Drain-source voltage
Gate-source voltage (open drain)

Total power dissipation up to Tyyp =25 oC

Drain current
Vps =15V; Vgg =0

Gate-source cut-off voltage
Ip =0.5nA; Vps =15V

Feedback capacitance at f = 1 MHz
Vps =15 V; Vgg =0

Transfer admittance (common source)
Vps =15 V; Vgg = 0; £ = 200 MHz

Noise figure at Vpg = 15 V; Vgg = 0
=100 MHz; Rg =1 k@

Equivalent noise voltage
f =10 Hz

tVps

-VGso
Ptot
Ipss

-V(P)GS

~Crs

| Vs |

F

v,/ VB

max. 30 V.
max. 30 V
max. 300 mW
BFWI10 | BFWI11

8 4 mA
< 20 10 mA
< 8 6 V
< 0.75 0.75 pF
> 3.2 3.2 mQ-l
< 2.5 2.5 dB
< 75 75 nV/VI?z

MECHANICAL DATA

TO-72
Insulated electrodes

drain

1)=shield lead (connected to case)

Accessories available: 56246, 56263.

Dimensions in mm

0.48max

12.7min

5'3 max

7208728

September 1969 I |
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BFW10
BFW11

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

Voltages

Drain-source voltage +Vps max. 30 V
Drain-gate voltage (open source) VDGO max. 30
Gate-source voltage (open drain) 'VGSO max. 30 V
Currents

Drain current Ip max. 20 mA
Gate current Ig max. 10 mA

Power dissipation

Total power dissipation up to Ty = 25 °C Piot max. 300 mW

Temperatures
Storage temperature Tstg -65to +200 °C

Junction temperature Tj max. 200 °C

From junction to ambient Rin j-a = 0.59 °C/mw

2 l | ” September 1969



BFW10

BFW11
CHARACTERISTICS Tj=25 OC unless otherwise specified
Gate cut-off current BFW10 | BFW11
-Vgg =20 V; Vpg = 0 -1Gss < 0.5 0.5 nA
-Vgs =20 V; Vps = 0; Tj=150 oC -Iass < 0.5 0.5 wA
Drain current 1)
_ > 8 4 mA
Vps =15V; Vgs =0 Ipss < 20 10 mA
Gate-source voltage
- . - _ > 2.0 v
Ip = 400 pA; Vpg = 15V VaGs < 75 v
- . - _ > 1.25 Vv
Ip= S0uA; Vpg =15V VGs < 4.0 V
Gate-source cut-off voltage —
Ip=0.5nA; Vpg =15V -V(p)as < 8 6 V =
y parameters
- . - 0: - o
Y08 itts Teanster sdmitance > 85| 3.0 mo-l
sl < 65| 6.5 me-l
Output admittance | Yos| < 85 50 w1l
_ . ) typ. 4 4 pF
f = 1 MHz Input capacitance Cis Pt 5 5 pF
. _ typ. 0.6 0.6 pF
Feedback capacitance Crs < 0.75 0.75 pF
f=200 MHz Transfer admittance | VEs | > 3.2 3.2 me-!
Input conductance 8is 800 800 u~!
Output conductance 8os < 200 100 po-1
Noise figure at f =100 MHz; Rg = 1 kQ
Vps =15 V; VGs =0 ;5 Tamp = 25 °C
input tuned to minimum noise F < 2.5 2.5 dB
Equivalent noise voltage
Vps =15V; Vgg = 0; Tamb = 25°C
f =10 Hz vyVB < 75 75 ov/VHz
1) Measured under pulsed conditions.
September 1969 ” || 3



BFW10

BFW 11
20, 7208477
BF
IH1| n IID
BiE e
Vps =15V Mo typical valuesHH
T =25°C
J
15
“Ves=0
10
Ay 1V
kh
!C\Q : 5 \/
= T
— r RS }
— S
= F 1
B ¥
8 -Vgg(V) 6 4 2 0 10 Vpg(V) 20
15 7208476
BFW11 :
Ip
(mA)
_Y_DS =1ZJ5V°C typical value
10,
4
~Ves=0
,l
= 05V
AT %
&
2 a QA 7 11V
'C\/ I
Y p 4 4 15V
r 4 N
vd fi/ 2|V
1 )| [T
4 -Vgs(V) 2 0 10 Vps(V) 20
4 August 1969



BFW10

BFW11
7208475 7208474
Vs =15V FFEH BFW10 Vos =15V BFW1
typical values typical values
20 8
(mA) (mA)
15 6
0
V, 1 i
10 2S S0 4 057
V. v
5 = 2 .
Sy =
0 L 0
0 50 100 Tj(°C) 150 0 50 100 Tj (°C) 150

August 1969 “ H 5



BFW1i0 |
BFW11 l

APPLICATION INFORMATION (continued)

Input amplifier circuit for an oscilloscope.

+15V

Q
B2Y88-CV2

L

Performance:

Input resistance

Input capacitance

Bandwidth

Rise time

Voltage gain

R.M.S. noise voltage (B = 300 MHz)

Input sensitivity

Input voltage

———t L 11 1A
15k,
—15V
1.5k
p———————0 output
= 0.1uF
= 7200187
+15V
1 M2
7.5 pF
From d.c. to 300 MHz
<1ns
3.6

<0.2mV (input short-circuited)

This input amplifier is intended
foranoscilloscope with a maxi-
mum input sensitivity of 5 or 10
mV/cm and a total bandwidth of
150 MHz

Max. permissible input voltage:
peak to peak 600 V
d.c. 300 V

August 1969



BFW10
BFW11

APPLICATION INFORMATION (continued)

— Television camera amplifier with BEW10

——0 Ve =+40V

+ |64 uF
l—-Qoutput
8
| IRL=754u
Ll
T
4
100nF
input 0—| 2700,
a 270pF 1
T 15pF
MO +[100nF [ 4+[125uF +lsF 22k 470
22k ']' 15k 18K T 10k +] 80pF
=L 100 100nF 10pF == e %
10k it T : e
Voo

The circuit is designed for the Plumbicon Television Camera tube No. 55876. The
electrical behaviour of this tube can be described as consisting of a current source
Is, shunted by a capacitance Gp (Cp = 12 pF).

Electricdl equivalent of the plumbicon output
,J_/ T.V. camera amplifier

1 7208184

Performance: Tt ’
Transfer impedance (40 Hz to 5 MHz) VTE— = 106 V/A
Output resistance Ro = 75 Q
Output voltage (peak to peak)
(d <5%) vo < 1.3V
Signal-noise ratio
Ratio of VO p-p (at IS p-p = 0.3 nA) and the
effective output noise voltage Vy (f from Vo PP _ 46 dB
40 Hz to 5 MHz) Vo
August 1969 “ 7






BFW61

N-CHANNEL SILICON FIELD EFFECT TRANSISTOR

N-channel silicon epitaxial planar junction field effect transistor in a TO-72 metal
envelope with the shield lead connected to the case.
The transistor is designed for general purpose amplifiers.

QUICK REFERENCE DATA

Drain-source voltage (ygs = 0) +VDSs max. 25 V
Gate-source voltage (open drain) -VGso max. 25 V
Total power dissipation up to Typp = 25 °C Peot max. 300 mW
Drain current
VDs =15V; Vgs =0 IDss 2to 20 mA
Gate-source cut-off voltage
Ip=1.0nA; Vpg =15V -V(@)Gs < 8 VvV
Feedback capacitance at f = 1 MHz
Vps =15V; Vgs = 0 -Crs < 2.0 pF
Transfer admittance (common source)
Vps = 15 V; Vgg = 0; £ = 10 MHz | vts| > 1.6 mQ-!
MECHANICAL DATA Dimensions in mm
- : »
TO-72 X6, s d g
L% ©
3
s, 5 ¥ " .
E —
g c——

7208728

5.3max 12.7™in

-

1)=shield lead (connected to case)
Accessories available: 56246, 56263.

February 1968 I I I | 1



BFW61

RATINGS (Limiting values) 1)

Voltages
Drain-source voltage (Vgs = 0) 1VDss max. 25V
Drain-gate voltage (open source) VDGO max. 25V
Gate-source voltage (open drain) -Vaso max. 25V
Currents
Drain current Ip max. 20 mA
Gate current Ig max. 10 mA
Power dissipation
Total power dissipation up to Tamph = 25 °C Ptot max. 300 mW
Temperatures
Storage temperature Tstg =65 to 4200 ©C
Junction temperature T max. 200 OC
THERMAL RESISTANCE
From junction to ambient Rth j-a = 0.59 °C/mW
_ CHARACTERISTICS Tj = 25 OC unless otherwise specified
Gate cut-off current
-Vgs =20 V; Vps =0 -I1gss < 1.0 nA
-Vgs = 20 V; Vpg = 0; Tj = 150 °C -Igss < 1.0 pA

Drain current 2)

VDS = 15V; Vgg =0 Ipss 2to 20 mA
Gate-source voltage

Ip = 200 uA; Vpg = 15V -Vas 0.5to 7.5 V
Gate-source cut-off voltage

Ip=1.0nA; VDS =15V —‘J(p)GS < 8 V

y parameters (common source)
VDS =15V; Vgs =0

f = 1 kHz Transfer admittance | vts | 2.0to 6.5 mQ~!
Output admittance | Yos| < 85 un-l

f = 1 MHz Input capacitance Cis < 6 pF
Feedback capacitance -Crsg < 2.0 pF

f = 10 MHz Transfer admittance | VEs | > 1.6 mq-!

I) Limiting values according to the Absolute Maximum System as defined in IEC
publication 134.
2) Measured under pulsed conditions.

2 l
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BFX63

N-CHANNEL METAL OXIDE SEMICONDUCTOR

TRANSISTOR

Silicon N-channel depletion type insulated gate field effect transistor, primarily
intended for use in amplifiers, e.g. impedance converters.
The device has a TO-12 metal envelope, with the substrate connected to the

envelope.
QUICK REFERENCE DATA

Gate-substrate voltage (peak value) +VGBM max. 15 V
Gate-source voltage (peak value) -Vgsm max. 30 V
Drain-source voltage (peak value) +Vpsm ~ max. 30 V
Drain current +Ip max. 50 mA
Total power dissipation up to Tamp = 25 °C Pyop max. 250 mW
Gate-source cut-off voltage

Ip =20 uA; VDS =20V ‘V(P)GS Oto4.5 V
Transfer admittance

Ip = 5mA; Vpg = 20 V |Vts| > 1.3 me-!

MECHANICAL DATA
TO-12

85 max

Dimensions in mm

b=substrate (connected to case)

Accessories available: 56245, 56265

66 |, 20

7208965

0.48 max

July 1969 ll



BFX63

RATINGS (Limiting values) 1)
Voltages

Gate-substrate voltage (peak value)
Gate-drain voltage (peak value)
Gate-source voltage (peak value)
Drain-substrate voltage (peak value)
Source-substrate voltage (peak value)

Drain-source voltage (peak value)

Currents
Drain current

Source current

Power dissipation

Total power dissipation up to Tamp = 25 °C
Temperatures

Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air

+VGBM
-VGDM
-Vesm
+VDBM
tVsBM

+VDsSM

tIp
tls

Peot

Tstg

Rth j-a

max. 15
max. 30
max. 30
max. 30
max. 30
max. 30
max. 0
max. X0
max. 250
-65to +150
max. 125
= 0.4

< < < < < <

mA
mA

mW

°c
°c

OC/mw

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

IEC publication 134.

June 1968



BFX63

CHARACTERISTICS Vps = 0, Tj = 250C unless otherwise specified
Drain cut-off current
_ . _ typ. 1 nA
=15V; - =
Vps = 15V; -Vgg =15V IDsx P 50 nA
_ . - . - typ. 0.05 upA
Vps = 15V; -Vgs = 15V; T; = 125 °C
DS GS i Ipsx  C 5 LA
Drain current
- . - = typ. 2 mA
Vps =30 V; Vgs = Vgg = 0
DS GS = VBS Ipss ¢ 30 mA
Source current
_ . - - typ. 2 mA
Vsp =30V; Vgp = VBD = 0
SD GD * VBD Isps 2 30 mA
Gate-source cut-off voltage
Ip = 20 pA; Vpg = 20 V “Vipygs P L5 v
(P)G 0Otw4.5 V
Gate-source voltage
_ . - typ. +2 Vv
= 5 mA; =20V
ID = 5 mA; Vpg = 2 VGs -lto +6.5 V
Gate -source resistance
Vgs = 15V; Vps =0 TGS > 100 G2
Transfer admittance
~ ] _ . > 1.3 mQ-l
Ip=5mA; Vpg =20 V; f = 1 kHz nysl - 2.5 mo-l
y parameters at f = 1 MHz (common source)
Ip=1mA; Vpg =20V
Input capacitance Cig < S5 pF
Feedback capacitance s 0.75 pF
. > 30 k@
Output resistance Tos typ 65 KkQ
Output capacitance Cos < 4 pF

June 1968 ” “ 3



I
BFX63 ’l

15 7207533 6 7207531
2 typical values Vpg =20V
VDs=ZOV Vv =
y. BS =
Ip Tonp=25°C HioH | f_s,l Tamb =25°C
(mA) F oy (ma™) F = TkHz
11
I R
10 4V 4 ava
4
]
6V /
VNl
/ >
/ I:}Z
/
5 &3 2
]
F— / A ,l
0 0
-5 0 +Vgg(V) 5 -5 0 +Vgg(V) 5
7207532
60 typical values
V =0
Ip BS
Te =25°C
(mA) amb
Vos =12V
40 .
110
/
Ay T TT8v
yard
20 T eV
-
[ 4 g
- 4|V
4 -— |
2
I
o 1
0 10 15  Vpg (V) 20
4 “ June 1968



BFX63

APPLICATION INFORMATION

The transistor used in an impedance converter circuit.

- +25V
ZY88-C6V2
6.8k
[]lMO- BCY32
BFX63
100pF
inputl—-—l
output
100G
2F
L
17
M0 47k

7208494

Performance up to T, = 100 °C

Input resistance 1012 @
Output resistance 50 @
Gain 0.97
NOTE

To exclude the possibility of damage to the gate oxide layer by an electrostatic
charge building up on the high resistance gate electrode, the base of the device
has been packed with aluminium foil to short circuit the leads. The foil has
been arranged so that it need not be removed until the device has been mounted
in the circuit.

June 1968 H |I 5






BSX 82

N-CHANNEL METAL OXIDE SEMICONDUCTOR
TRANSISTOR

Silicon N-channel depletion type insulated gate field effect transistor, primarily
intended for use as a chopper in low level d.c. amplifiers.
The device has a metal envelope, with the substrate connected to the case.

QUICK REFERENCE DATA

Gate-substrate voltage (peak value) tVgBM max. 15 V
Gate-source voltage (peak value) -VgsmM max. 30 V
Drain-source voltage (peak value) +VpsmM max. 30 V
Drain current Hp max. 50 mA
Total power dissipation up to Tamb = 25 °C Pot max. 250 mW

Drain-source resistance (on)

Ip=10upA; VGs =5V DS < 200 @
MECHANICAL DATA Dimensions in mm
TO-12

]
£
[ee]
3
S
« [-———— jmee g
g
n
@© [—]
68 |, 20

" 1208965
b=substrate(connected to case)

Accessories available: 56245, 56265

July 1969 I l | | 1



BSX82

RATINGS (Limiting values) 1)
Voltages

Gate-substrate voltage (peak value)
Gate-drain voltage (peak value)
Gate-source voltage (peak value)
Drain-substrate voltage (peak value)
Source-substrate voltage (peak value)

Drain-source voltage (peak value)

Currents
Drain current

Source current

Power dissipation

Total power dissipation up to Tamp = 25 °C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air

tVGBM max. 15
-VeDM max. 30
-VGsMm max. 30
+VDBM max. 30
+VsBM max. 30
+VpsMm max. 30
Hp max. 50
Hg max. 50
Piot max. 230
Tstg -65 to +150
Tj max. 125
Rep j-a 0.4

< b < < < <

mA

mW

oc
oc

0C/mW

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

IEC publication 134.

June 1968



BSX82

CHARACTERISTICS Vps =0, Tj =125 OC unless otherwise specified
Drain cut-off current
- typ. 1 nA
= - =1
Vps = 15 V; -VGs 5V IDSX It 50 nA
- - _ typ. 0.05 pA
= ; = =1 ; Ti=1250
Vps = 15V; =Vgs SV i 250C Ipgx It SN
Drain current
- . - - typ. 2 mA
vV = = =
Ds = 30 Vi Vgs = Vpg = 0 Ipss  Z 30 mA
Source current
= . = = typ. 2 mA
Vgp =30 V; Vgp = Vgp = 0 ISDS It 30 mA
Drain-source resistance (on)
Ip=10uA; Vgg =5V DS < 200 @
Drain-source resistance (off)
Vps = 100 mV; -Vgg =5V Dy > 20 MQ
Gate -source resistance
Vgs =15V; Vpg =0 rGs > 100 G2
y parameters at £ = 1 MHz (common source)
Ip=1mA; Vpg=20V
Input capacitance Cig < 5 pF
Feedback capacitance -Crs < 0.75 pF
Output capacitance Cos < 4 pF

NOTE

To exclude the possibility of damage to the gate oxide layer by an electrostatic
charge building up on the high resistance gate electrode, the base of the device
has been packed with aluminium foil to short circuit the leads. The foil has
been arranged so that it need not be removed until the device has been mounted
in the circuit.

w

June 1968 “ H



BSX 82
6 r 0755
Ip
(mA) typical values
Vgs =0
40 VGS =1l;V Tamb =25°C
& 12V i
4 1
110
V..
4 Lt BY
y 4
2 - 6V
— ] - alv
— 1 ]
0
0 5 10 15 Vpg(v) 20
707549
20 typical values
Ip Vpg =20V
(mA) Tamb=25°C
15
7
10 Wit
by
e
) 14 ’;o_‘
,\\06.::
i
O Il
0 2 Vgs (V) &4
4 “ Il June 1968



10°

DS
(k)

102

10

-1

7207551 _
typicdl values
Vs =0
Tamb = 25°C
Ip=
10uA
VDS;
100m \\
AN
TR
Tt
-2 2 4 Vgs(V) 6

June 1968



APPLICATION INFORMATION

The transistor used in a series-shunt chopper circuit.

BSX82
source 01pF
resistance s} j
LLI Li
Rs T \ ! a
=
anti-phase ‘& T otowr
switching signals E] 4:3
amplitude 10V 3;' g output
l ™1 ca=OtotpF
0IuF /lh
1L ] Ry
L L § 1 L
(amplifler
de.input wal | wa BSXE2 fnput resistance)
7209500 o0
b

Connect point A to negative voltage supply equal to the maximum negative d.c.
input to be chopped.

If the maximum negative d.c. input is less than 100 mV, than point A should
be connected to 0.

Adjust trimmer capacitor Cl or C2 for minimum spike feedthrough. Trimmer
capacitor C3 also required if Rg is greater than 1 k<2.

RL

Typical chopping effiCiEIlCY: m
L

Allowable chopper signals between gate and source.

Vos
) For good chopper

15F———— -

"on" signal areas of uncertain  performance
o] E— N
0

operation
g————-

time Vgs resp. -Vgs: 5tol5 V

"off" signal

7207487
—Ves

V)

Spike feedthrough

Feedthrough voltage wave form at f = 5 kHz; Rg = 2 k2

Rise time of v

. . t
**************** shopping signal | | (L
0% | (ns)
Le 0% 200 i 1000 ] 20
— 20 120 | 120

T Tazomes

6 June 1968



2N3823

N-CHANNEL SILICON FIELD EFFECT TRANSISTOR

Silicon N-channel depletion type junction-triode field effect transistor in a TO-72
metal envelope, primarily intended for depletion mode operation in low power i.f.-

r.f. amplifiers for industrial applications.

QUICK REFERENCE DATA

Drain-source voltage
Gate-source voltage
Total power dissipation up to Tagmp = 25 °C

Gate cut-off current
-Vgs =20 V; Vps = 0

Feedback capacitance at f = 1 MHz
Vps = 15V; Vgg = 0

Transfer admittance (common source)

Vps
-VGs

Ptot

-Igss

~Crs

Vps = 15 V; Vgg = 0; f = 200 MHz Tamb =25 °%¢ Ist|

max.

max.

max.

30 V
30 V
300 mW

0.5 nA

2 pF

3.2 mQ~1

MECHANICAL DATA
TO-72

lL.ESHTGX

Dimensions in mm

0.48max

5.3max

12.7min

1) =shield lead (connected to case)

Accessories available: 56246; 56263

7208728
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages
Drain-source voltage
Drain-gate voltage

Gate-source voltage

Current

Gate current

Power dissipation
Total power dissipation up to Tamp = 25 ©C

Linear derating factor

Temperatures

Storage temperature

Junction temperature

CHARACTERISTICS
Gate cut-off current
-Vgs =20 V; Vpg =0
-Vgs =20 V; Vpg = 0; Tj =150 oC

Drain current 1)

Vps =15V; Vgg =0

Gate-source voltage

Ip = 400 uA; Vpg = 15V

Gate-source cut-off voltage

ID = 0.5 nA; VDS =15V

Gate-source breakdown voltage

-Ig =1L pA; Vpg =0

VDs
Vpg
-Vgs

Ig

Peot

Tstg
Tj

max,

max.

max.

max.

max.

30 V
30 V
30 V

10 mA

300 mw
2 mW/°C

-65 to +200 C

max.

200 ©°c

Tj = 25 °C unless otherwise specified

-Igss
“Igss

IDss

-VGs

-V(P)Gs

-V(BR)GSS

4 to

1l to

0.5 nA
0.5 pA

20 mA

7.5 V

1) Measured under pulsed conditions; pulse duration t = 100 ms; duty cycle § < 0.1.

August 1969



2N3823

CHARACTERISTICS (continued)

y parameters (common source)
Vps =15V; Vgg =0 T, =25 °c

f=1kHz Transfer admittance 1) |vts | 3.5t06.5 mQ-l
Output admittance 1) [Yos] < 35 ue-l

f =1MHz Input capacitance Cis < 6 pF
Feedback capacitance —Crs < 2 pF

f =200 MHz Transfer admittance- |ves] > 3.2 me-!
Real part of input conductance Re(yis) < 0.8 mQ-l
Real part of output conductance Re(yos) < 0.2 mQ-l

i i = = &

Noise figure at f = 100 MHz Tomp =25 °C
Vpg =15 V; Vgs = 0; Rg = 1 kQ2 F < 2.5 dB

input tuned to minimum noise

1) Measured under pulsed conditions; Pulse durationt = 100 ms; duty cycle 6§ <0.1

August 1969 I l l | 3
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BCYS55

N-P-N SILICON PLANAR LOW-LEVEL DUAL
TRANSISTORS FOR DIFFERENTIAL AMPLIFIERS

Two special matched transistors in a TO-18 metal envelope, housed together in an
aluminium cube.

The BCYSS is intended for very low level, low noise and low drift.differential am-
plifiers.

QUICK REFERENCE DATA

Equivalent differential voltage change
referred to the input

|IIE + IoE | < 200 uA

Vic-1E = V2C-2E <20V A v/o
_ \' typ. L uv/oC

|ViB-1E VZB-ZEI < 100 uv lATi < 3 uv/oC

Tamb: -20 to +90 °C

Equivalent differential current change
referred to the input

A .

Iic + Ipg = 100 pA J I' typ- ?

AT nA/°C
AT <
Tamb: —20 to+90 °C

nA/°C

(20N

MECHANICAL DATA Dimensions in mm

048max

10

64_|72201
20

7208722
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BCY55 l
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CHARACTERISTICS of the individual transistors

Collector cut-off current
Ig =0; Vg =45V
Ig =0; VcB =20 V; Tamp = 90 OC

Emitter cut-off current

Ic=0; VEB=5V

Emitter -base voltage

-Ig =0.5mA; Vg =5V

Saturation voltages

Ic =10 mA; Ig = 0.5 mA

D.C. current gain

IC=10 HA; Vg =5V
Ic =10 mA; Vcg =5V

Collector capacitance at f = 1 MHz

Ig=1e=0; Ve =5 V

Transition frequency

Cut-off frequency
Ic=0.5mA; VCE =5V

h parameters at f = 1 kHz
Ic=1mA; Vcg =5V
Input impedance
Reverse voltage transfer ratio
Small signal current gain

Output admittance

Noise figure

Ic =10uA; VCE =5V
Rg = 10 kf2; B=10 to 15000 Hz

Tj = 25 OC unless otherwise

IcBO
Icso

IgBO

-VEB

VCEsat
VBEsat

hFE
hpg

Cc

fr

fhte

hre

hfe

specified
< 10 nA
< 5 nA
< 10 nA
600 to 800 mV
< 1.0 V
0.6to1.0 V
100 to 300
200 to 600
< 8 pF
> 50 MHz
typ. 80 MHz
> 100 kHz
typ. 10.0 k2
typ. 5.5 1074
typ. 350
150 to 600
typ. 25 uelk
typ. 2 dB
< 3 dB

nNo

June 1968



BCYS55

CHARACTERISTICS of the complete device

Ratio of collector currents

ViB-1E~ V2B-2E
Emitter currents of each transistor up to 100 pA bc 0.85to 1
Ioc  typ. 0.93

Difference of base-emitter voltages

-I1g = -Ipg up to 100 pA _ typ. 2 mV
Tamb® -20 to +90 0C | ViB-1E - Vo-2e| 277 4 Ly

[llustration of matching characteristics:

_IE
“Le=-lg [--—-—- -
1
|
1
!
I
I
|
I
I
|
1
O . Mg,
IS L I o
& < b
o Vig-ie=Vam-2 o=y Vee
I
2E o L AVan
L1E “° kT bL
I
2E measured at AVgg =0
LE

IDE
AVgg measured at — = 1
L1

June 1968 } ' 3



BCYS55

CHARACTERISTICS of the complete device (continued)

Equivalent circuit for drift

In the equivalent circuit the transistors are considered to be drift free.
All temperature coefficients are concentrated in the voltage source AT and in the
current source - .

It should be noted that the differential current change given is only valid when the
source resistances are almost equal; the differential voltage change only when the

base-emitter voltages are almost equal.

Av

=
==

' transistors free

Y from thermal drift
O~775ea3 .\|

Block symbol of test amplifier

The test amplifier, used in the tests on page 5, is described on pages 6 and 7. Itis
represented by the following amplifier symbol:

input

input
+ O——

4 June 1968



BCYS55

CHARACTERISTICS of the complete device (continued)

Equivalent differential voltage change with temperature referred to the input.

|Lig +1pg | < 200 A Vg 1p = Vac-2E S 20V
IVlB'lE - VZB"ZE l < 100 HV; T]' -20 to +90 °C

BCY5S unit (wires included) mounted in a small
metal or plastic box for shielding against direct

e Av typ. 1 wv/oC
heat radiation. AT < 3 uv/oC
Equivalent differential current change with temperature referred to the input.
Al typ. 0.5 nA/0C
+Iyn=1 A —_—
lic+Ipc= 1004 AT < 1.5 nA/oC
Test methods
& AL
AT AT
R2=33k&) 1%
R2=33kQ) 1% Rg=20kQ. 1%
2 2 S
e ; Lo
g[] Rwi ;:;H Rg=20kQk 1%
" “
o 5 &= $
i § s
+ & 2 &
- _—l—_ I 72079111
NOTE -
To prevent contact potentials,
connections should be soldered. =W +1v
Rva
Amplification factor determined by feedback circuit: Rz. 1000

R1
Output voltage against time is recorded.

The temperature of the amplifier is adjusted to T between -20 and +90 ©C. When it
has stabilized, the output voltage is brought to zero (V| <100mV )1). The ampli-
fier temperature is then adjusted to Ty between -20 and +90 ©C. When it has stabi-
lized the output voltage can be read off.

AV VT2 -VT1  RI op AL _ VT2 -VTI RI 1
"AT  T2-T; ~ R2 AT T2-T; " R2  2Rg

AV
AT
A

I, . .
For N first by Ry with S1 and S2 closed, then by Ry/9 with the switches open.

1) For : adjusted by Ry;

July 1969 || || 5



BCYS55

Differential test-amplifier

The test amplifier (including feedback resistors, source-resistors and biasing-
resistors) should be mounted in a small box to ensure a uniform temperature

throughout.
O +15V
g
i 1
|
! 1
] ]
+ 0—of o
—_— i ]
Ri i |
—> 1BCY55, output

1

-—

Ro

8.2nF

-0 —15V

1207973.2

— 1) Relative temperature coefficient < 10'5/0(3

2) The device at the input is the device under test

6 July 1969



BCY55

Performance of the test amplifier

Open loop voltage gain (Z, = 10 k2) Gy typ. 105
Frequency at which Gy =1 ] typ. 10 MHz
Max. common mode input voltage range +10 V
Max. output current +2.5 mA
Max. output voltage +10 V
Input resistance i > 100 k2
Output resistance R,y typ. 20 kQ
100 ~T T Al
Gy 3
dB) il
1] il
50, 2
il
i _
i =
0 i =
10 10% 1° 1 10° 10° 10’ 10° f (Hz) 10°
June 1968 H ” 7
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RATINGS of the individual transistors (Limiting values) Iy

Voltages
Collector -base voltage (open emitter) VCBO max. 45 V
Collector-emitter voltage (open base) VCEO max. 45 vV
Collector-emitter voltage with Vgg = 0 VCES max. 45 VvV
Emitter-base voltage (open collector) VEBO max. 5 V
Currents
Collector currents (d.c. or average

over any 50 ms period) Ic max. 30 mA
Collector current (peak value) IcMm max. 60 mA
Power dissipation
Total power dissipation up to Tgmb =25 °C Prot max. 300 mw
Temperatures
Storage temperature Tstg -50 to +125 ©C
Junction temperature Tj max. 125 oC
THERMAL RESISTANCE
From junction to ambient in free air Rin j-a 0.33 °C/mW

(This value applies to one transistor at
equal dissipation or difference in dis-
sipation < 20% in both transistors of
the unit)

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

8 June 1968



BCY87 to 89

N-P-N SILICON PLANAR DUAL TRANSISTORS
FOR DIFFERENTIAL AMPLIFIERS

Matched dual n-p-n transistors in a TO-71 metal envelope with all leads insulated
from the case. They are primarily intended for differential amplifier applications
in general industrial service; e.g. instrumentation and control.

The product is divided in three types according to their matching accuracy.

The BCY87 and BCY88 are intended for applications in prestages of differential am-
plifiers where low offset, drift and noise are of prime importance. The BCY89 is
for second stages, long tail pairs and more general purposes.

QUICK REFERENCE DATA

Ratings

Collector -base voltage (open emitter) VCBO max. 45 V
Collector -emitter voltage (open base) Vcgo max. 40 V
Total power dissipation up to Tamp = 25 °C Ptot max. 150 mW
Junction temperature T, max. 175 ©C

]
Characteristics of the complete device with collector-base voltage of 10 V and
sum of emitter currents from 10 to 100 uA.

BCY87 BCY88 BCY89

Ratio of collector currents at

V1B-1E = V2B-2E I1¢/Isc 0.9-1.11{0.8-1.25]0.67-1.5
Base current difference at
V1B-1E = V2B-2E |IlB'IZB| < 25 80 300 nA
Equivalent differential voltage IAV Il o
change with temperature AT ) < 3 6 10 wv/ec
Equivalent differential current IAI 1 o
change with temperature ATI ) 0.5 2 10 na/oC
MECHANICAL DATA Dimensions in mm
TO'71 oF 5
All leads insulated from _(\qf ¥ 45°,, Te 2e E
the case 2c g
< % y )
Accessories available: Eo —
56263 Jy

12.7min

7208721

5.3 max

Iy Tamb = =20 to +90 oC

—_

June 1968 ‘ l ' I



BCY87 to 89

RATINGS see page 7

CHARACTERISTICS of the individual transistors

Tamb = 25 OC unless otherwise specified

BCY87 | BCY88 |BCY89
Collector cut-off currents
Ig =0; Ve =20 V; Tymp = 90 °C IcRgo < 5 20 - DA
Ig =0; Ve =20V Icgop < - - 10 nA
D.C. current gain
Ic= SwA;Vcg=10V hpg > 80 - -
B ) _ > 100 100 100
Ic = S0uA; Ve =10V BFE < 450 | 450 | 450
_ . B > - 120 -
Ic =500 uA; Ve =10V hpg < - 600 _
- . - > - - 100
Ic= 10 mA; Vcg=10V hrE < _ _ 600
Transition frequency
-Ig = SOuA; Vg =10V fr > 10 10 10 MHz
-Ig =500 uA; Ve =10V fT > 50 50 50 MHz
Collector capacitance at f = 1 MHz
Ig =Ig=0; Vcp =10V Ce < 3.5 3.5 3.5 pF
Noise figures
I~ =50 pA; VCE =5 V; Rg = 10 k2
C
Bandwidth 10 Hz to 15 kHz o< 3 * 4 a8
1 kHz spot noise figure
Ic =50 uA; VCE =5 V; Rs = opt. F < 4 5 5 dB

Bandwidth = 200 Hz

June 1968



BCY87 to 89

CHARACTERISTICS of the complete device.

These characteristics are valid under the following conditions:
a. Collector -base voltage of both transistors not exceeding 10 V (Vic-18 = Voc-2B

<10V)

b. Sum of the emitter currents from 10 to 100 uA

~(1; + Ig) = 10 to 100 uA

MATCHING CHARACTERISTICS

Ratio of collector currents

ViB-1E * V2B-2E

Difference between base-emitter voltages

Iic/Iac

Iic =12

Difference between base currents

ViB-1E = V2B-2E

lIlB‘IZB|

Illustration of matching characteristics:

_IE
_I]E =_12E ey S

1
|
!
1
!
|
|
'
]
|
!
I
1
1
|

_IZE ;.__1_ _________

-

_I1E R

IVIB—IE‘VzB-2E|

1207974

V; _‘ =Vog - i‘—"
1B-1E=¥2B-2E Vog-26-

E
g
I2E
I1E

= NN
exp. o BE
measured at AVgg =0

L
AVBg measured at =—— =1
Lie

Vig-1e

VB

—

@

BCY87 BCY88 BCY89
0.9-1.11 | 0.8-1.25{0.67-1.5
< 3 6 10 mV
< 25 80 300 nA

[
I
|
|

|
Vig-1e =VaB-2¢

7208417
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BCY87 to 89

CHARACTERISTICS of the complete device (continued)

Equivalent circuit for drift

In the equivalent circuit the transistors are considered to be drift free,.
All temperature,coefficients are concentrated in the voltage source z and in the

current source—=—. .
e AT

It should be noted that the differential current change given is only valid when the
source resistances are almost equal; the differential voltage change only when the
base-emitter voltages are almost equal.

av
AT
I transistors free
% from thermal drift

O57oma3 '\l

Block symbol of test amplifier

The test amplifier, used in the tests on page 5, is described on pages 6 and 7. It is
represented by the following amplifier symbol:

input
output

7207968

input
+ O———

4 June 1968



BCY87 to 89

CHARACTERISTICS of the complete device (continued)
Equivalent differential voltage change with temperature
BCY87| BCY88 | BCY89

Iﬂl typ. 1 2 4 puv/oC
AT < 3 6 10 wuv/oC

Tamb = -20 to +90 °C

Equivalent differential current change with temperature

ATl
Tamb = -20 to +90 oc l'A—T < 0.5 2 10 nA/°C
Test methods
AV Al
AT AT
R2=10kQ) 1% R2=10kQ 1%
Rg =50kQ 1%
?é &2 S1
SU o ar o oo
it (25ki) S . i R
é % ,?_'[ Rg =50k 1% o, i
[} x K3
=+ 9 ] £
. s2 £
7208414 —O/O—'
7 l_]_\ 7208412
=+ A
2
NOTE
To prevent contact potentials, Y v -
connections should be soldered. Rva

Amplification factor determined by feedback circuit: % = 100

Output voltage against time is recorded.

The temperature of the amplifier is adjusted to T between -20 and +90 ©C. Whenit
has stabilized, the output voltage is brought to zero ( IVT1| < 1 mV)l). The ampli-
fier temperature is then adjusted to T2 between -20 and +90 ©C. When it has stabi-
lized the output voltage can be read off.

AV _ V12 -VT1  RL Al _Vra -Vrp RL 1

Thew: X" 71, -1, Rz °F BT T,-T, RZ 2Rs

AV .
1)y For Nk adjusted by Ry}

A
For —-—L: first by Ry with S1 and S2 closed, then by Ry with the switches open.

AT

July 1969 |I “ 5
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BCYS87 to 89 “

Differential test-amplifier

The test amplifier (including feedback resistors, source-resistors and biasing-
resistors) should be mounted in a small box to ensure a uniform temperature
throughout.

0 +15V

75 kL
25k,

33k

1k

g
n/
5 | T g &

BCY7 BCY71

BCY87 output

75kd)

BCY87

Ro

| S|
274,
L1}
7.5kLL
|
J S

.
7
_33'nF
\

[

™~ 6 )anezo
L
g g |
8 g[ BAXI13(¥)

| =

22kfL
,_{
18kl
24kl
f

D D 8.2nF
—o 15V

72084151

1) Relative temperature coefficient < 10'5/ oC

2) The device at the input is the device under test

6 l ‘ July 1969



BCY87 to 89

Performance of the test amplifier

Open loop voltage gain (Z1, = 10 k2) Gy typ. 105
Frequency at which Gy = 1 f1 typ. 10 MHz
Max. common mode input voltage range +10 V
Max. output current 2.5 mA
Max. output voltage +10 V
Input resistance R 100 k<2
Output resistance Ry typ. 20 k2
Common mode rejection ratio 105
100 gy R8T
Gy
(dB) n
N N
50 %
N
% 10? 10° 10 10° 10° 10° £ (Hz2) 10°
RATINGS (Limiting values) 1)
Voltages (each transistor)
Collector-base voltage (open emitter) VCBO max. 45 V
Collector-emitter voltage (open base)

Ic =10 mA VCEO max. 40 V
Emitter-base voltage (open collector) VEBO max. 5 V
Currents (each transistor)

Collector current (d.c.) Ic max. 30 mA
Total power dissipation up to Tamp = 25 °C Piot max. 150 mW
Temperatures

Storage temperature Tstg max. 175 ©°C
Junction temperature T;j max. 175 OC
THERMAL RESISTANCE

From junction to ambient Rth j-a = 1 O9C/mW

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

publication 134.

June 1968 ||
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thick- and thin-film circuits



SOLDERING
RECOMMENDATIONS

SOLDERING RECOMMENDATIONS

The gold-plated fernico tags are pre-tinned with a solder that melts at 185 °C. The

following recommendations are for soldering the semiconductors toglass substrates

having vapour deposited resistors and tin-lead covered conductive patterns. To get
reliable connections, keep the following points in mind:

1. The maximum solder temperature and the proper flux are important.

The flux must not affect the resistors, and its residue must be easy to remove.
Use only rosin flux, which can be easily removed with butylacetate or xylene.

2. The temperature change during soldering must not be so severe as to strain the
substrate.

3. The semiconductors must be accurately positioned on the substrate. The soldering
tags must coincide exactly with the deposited conductors to avoid cracking the
glass at high spots where the heated tags come in contact with it.

4. The softening point of the plastic encapsulationis 150 ©C; take care toavoid dam-
aging it during the soldering procedure.

5. Use micro-soldering irons of 18-8 stainless steel. They should be designedso as
to concentrate heat at the tip.

6. With the tags at the maximum permissible temperature (250 °C) the maximum
permissible soldering time is 10 s. The maximum permissible rate of tempera-
ture change is 25 °C/s.

Procedure

Pre-heat the substrate to 100 °C (ona heating table). Pick up the semiconductor with
a vacuum needle. Using a magnifier and a micromanupilator position it exactly inthe
required place and alignment, and deposit iton the substrate. Bring the three micro-
soldering irons into contact with the soldering tags and press them down firmly to
ensure good heat transfer. Apply 20 W to each iron for 8 seconds.

This is sufficient to make the solder fluid for 3 seconds and assure good electrical
contact; the junction temperature reaches 250 °C. To cool the solder below its mel-
ting point, allow a 3 to 5 second pause before removing the soldering irons.

With this method the encapsulation gets no hotter that the heating table (100 °C) and,
if the soldering time is not less than 8 seconds, there is little risk of damage to the
substrate. The method is also recommended for replacing semiconductors.

1 September 1969



SOLDERING
RECOMMENDATIONS

Minimum required dimensions of metal connection pads on thick-and thin-film sub-
strates

0.8min ]

L
|
T

Hand soldering

It is possible to replace semiconductors with a hand-held miniature soldering iron,
but the procedure has the following disadvantages:

- It is expensive and time consuming.

- The semiconductors cannot be positioned accurately, and therefore the connecting
tags may come into contact with the substrate and damage it.

- There is a high risk of breaking either the substrate or the connections inside the
encapsulation; the encapsulation may also be damaged by the iron.

September 1969 I l | | 2






BAWS6

SILICON PLANAR EPITAXIAL HIGH SPEED DIODES

The BAW56 consists of twodiodes in a micro miniature plastic envelope. The anodes
are commoned and the unit is intended for high speed switching in thick and thin film

circuits.

QUICK REFERENCE DATA

(per diode)

Continuous reverse voltage
Repetitive peak reverse voltage
Repetitive peak forward current
Junction temperature

Forward voltage at IF = 50 mA

Reverse recovery time when switched from
Ig =10 mA to Vg = 1 V; Ry, = 100 @
measured at Ig = 1 mA

Recovered charge when switched from
Ip = 10 mA to VR = 5V; Ry, = 500 ©2

VR

VRRM
IFRM

Vp

Ir

Qs

max. 25
max. 0 Vv
max. 100 mA
-65 to +125 ©C

< 1.1V
< 6 ns
< 45 pC

MECHANICAL DATA

2.3

Code: Al
) 2.9qu
Povam—
\-O'L . 095 ‘ ;
3]
K lzh" ‘ kl-‘li]
T ) T A
0.05min ' ™
—| —
\
=
\solgcier. . 1
materia !
0.85m%x 0.43max
1.05mux
-

7210012

MOUNTING METHODS see page 5.

Dimensions in mm

February 1969 H



BAWS6

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

Voltages

Continuous reverse voltage

Repetitive peak reverse voltage

Currents

Averaged rectified forward current
(averaged over any 20 ms period)

Forward current (d.c.)

Repetitive peak forward current

Temperatures

Storage temperature
Junction temperature

THERMAL RESISTANCE (per diode)

From junction to ambient
mounted on a glass substrate
of Smm x Smm x 1 mm

both diodes loaded simultaneously
one diode loaded

mounted on a glass fibre print

of 24 mm x 12 mm x 1.5 mm
both diodes loaded simultaneously

one diode loaded

VR
VRRM

IFAV
I
IFRM

Tstg

Rth j-a

Rth j-a

Rth j-a
Rth j-a

max. 25
max. 50
max. 50
max. 50
max. 100
-65to +125

max. 125

mA
mA
mA

oC
OC l)

OC/mwW
OC/mwW

OC/mWwW
OC/mW

l) For highly professional applications it is advisable not to exceed a max. junction

temperature of 100 °C,

February 1969



BAWS6

CHARACTERISTICS (per diode) Tj = 25 OC unless otherwise specified

Forward voltage

Ip = 1mA VE < 715 mV

Ip = 10 mA Vg < 85 mV

Irp = 50 mA Vg < 1100 mV

Igp =100 mA Vg < 1300 mV
Reverse current

VR= 10V; Tj =125 oC IR < 8 MA

VR= 25V IR < 30 nA

VR= 25V; Ty =125 oC IR < 10 wA
Diode capacitance at f = 1 MHz; Vg =0 Cq < 2 pF
Forward recovery voltage

Ig = 10 mA; ty = 20 ns VEM < 1.75 V
Test circuit:

I 1*®O 4500 output pulse
— I input pulse v -
Rg=5000
oscilloscope
BAWS6 Ri=504
L I time

Current pulse: Rise time tr= 20ns Oscilloscope: Rise time ty = 0.35ns

Pulse duration tp = 120 ns
Duty cycle § =0.01

Circuit capacitance C < 1 pF (C = Oscilloscope + parasitical capacitance)

February 1969 H H 3
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BAWS56 i

CHARACTERISTICS (continued) Tj = 250C unless otherwise specified

Recovered charge when switched from
Ip = 10 mA to VR = 5V; Ry, = 500 Qg < 45 pC

Test circuit:

BAWS6
under test BA_V38

Ve output pulse
Rg=50 [
S D 5] 0 22 fosan t a
by =y Ve 23 oscilloscope ! Veuz 9s
; @D 371 “22| jizomMan YEM FM=T
V=V +IgRg F ol !
L é - - Y J L time
D=very high speed diode
Reverse pulse: Rise time ty = 2 ns

Pulse duration tp = 400 ns
Duty cycle 6 =0.02

Circuit capacitance C < 7 pF (C = Oscilloscope + parasitical capacitance)

Reverse recovery time when switched from

Ip = 10 mA to VR = 1 V; R, = 100 ©

measured at Ig = 1 mA trr < 6 ns

Test circuit:

t
[
| L time
1 110% I ﬂ
Rg= 5041 ) | el ¢,
sampling I i
oscilloscope I I r time
i=500u
VaVg+IF-Rg Ri=S50 90% . M of
= Vi
I VR TR ﬁgﬁ
input pulse output pulse
Reverse pulse: Rise time ty = 0.6 ns  Oscilloscope: Rise time ty = 0.35ns

Pulse duration tp = 100 ns
Duty cycle § =0.05

Circuit capacitance C <1 pF (C = Oscilloscope + parasitical capacitance)

4 February 1969



BAWS6

MOUNTING METHODS

Minimum required dimensions of metal connection pads on thick and thin film sub-
strates

O.Bmin i
-
5 77 .
° |
I .
| ) -
N7/
‘ % e
o055 |
L 19 !

Soldering

The leads are covered with a solder material of which the melting point is 185°C.
At a maximum lead temperature of 250 0C, the maximum permissible soldering time
is 10 s.

The maximum temperature gradient is 25 0C/s.

wn

February 1969 ” Il
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BAW56 “

721019 7210120
y ‘ 15 -
50 T =25°C L typical values
IF = ot VF
(mA) 1 (v)
A :
NN NN RN
100} te L~ maX 1
1 ] ~
EEEREN I I ~
SURENNEEN AREN || I =100mA ]
- T %: <
L i I ] —
REREREEI REN | N
BEE RS mu i | S ~/10mA
SOt 1 05 N |
SEEEEE AN/ ~imA
i l ‘ i | i l ]
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BCW29
BCW30

P-N-P transistors in a micro miniature plastic envelope.
They are intended for low level general purpose applications in thick and thin film

circuits.

A F. SILICON PLANAR EPITAXIAL TRANSISTORS

QUICK REFERENCE DATA
BCW29|BCW30
Collector -base voltage (open emitter) -Vgpo  max. 30 30 VvV
Collector -emitter voltage (open base) -VCgo max. 20 20V
Collector current (peak value) -IcMm max. 200 | 200 mA
Total power dissipation up to Tymp =25 °C Pot max. 110 | 110 mW
Junction temperature Tj max. 125 | 125 ©OC
. i . =950
D—CIJ Su;]iizt-gf\l/n at ;TJS V25 C . - 120 | 215
c P TVCE FE < 260 | 500
Transition frequency at f = 35 MHz
-Ic =10 mA; -Vgg =5V fT typ. 150 | 150 MHz
Noise figure at Rg = 2 k2
-1 =200 pA; =VCE =5V
f =1 kHz; B = 200 Hz F < 10 10 dB
MECHANICAL DATA Dimensions in mm
z.gmax
Code:
BCW29 Cl1 "‘L’l
BCW30 C2 01 . 095 .
~ |
&)
=43 e | °H]
T ’ T
. £l
0.05™n 1 o o
— -—
A,
t:% -
™\ solder

MOUNTING METHODS see page 3.

0.85™ex

1.05me*

S m—
7210011

material

0.43m*
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BCW29 |
BCW30 ;

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC134)

Voltages

Collector-base voltage (open emitter) -Vecro max. 30 V
Collector -emitter voltage (VBg = 0) -VCES max., 30 V
Collector-emitter voltage (open base)

-l 7 2 mA -VcEO max. 20 V
Emitter -base voltage (open collector) -VEBO max. 5V
Currents
Collector current (d.c.) e max. 50 mA
Collector current (peak value) -IeMm max. 200 mA

Power dissipation

Total power dissipation up to Tymp = 25 °C
mounted on a glass substrate of

Smm x5 mm x 1 mm Piot max. 110 mW
Temperatures
Storage temperature TStg -65to+125 OC L
Junction temperature T; max. 125 ©°C ")
THERMAL RESISTANCE
From junction to ambient
mounted on a glass substrate of
Smm x 5 mm x I mm Rip j-a = 0.9 °9C/mw
mounted on a glass fibre print of
24 mmx 12 mm x 1.5 mm Rthj—a = 0.5 OC/mW
CHARACTERISTICS
Collector cut-off current
Ig =0; -Vgp =20 V; Ty = 250C -IcBO < 100 nA
Tj =100 °C —ICBO < 10 uA
Base-emitter voltage
-Ic = 2 mA; -VCE =5 V; Tj = 25 °C -Vpg 600 to 750 mV

1y For highly professional applications it is advisable not to exceed a maximum -
junction temperature of 100 °C,

2 February 1969



BCW29
BCW30

CHARACTERISTICS (continued) T

Saturation voltages

-Ig = 10 mA; -Ig = 0.5 mA

=g = 50 mA; -Ig = 2.5 mA

D.C. current gain

= 25 OC unless otherwise specified
_ typ. 80 mV
VCEsat = 300 mv
-VBEsat typ. 720 mV

-VCEsat  typ.. 180 mV
_VBESE“Z [yp. 810 mV

BCW29| BCW30

-lc =10 pA; -Vog =5V hgpg typ. 90 150
B . - > 120 215
—IC 2mA; -Vcg =5V hpg < 260 500
Collector capacitance at f = 1 MHz
Ig=1e=0; -Vcp =10V Ce typ. 7.0 pF
Transition frequency at f = 35 MHz
-Ic =10 mA; -Vcg =5V fT typ. 150 MHz
Noise figure at Rg = 2 kQ2
-Ic =200 uA; -VCE =5V
f =1 kHz; B = 200 Hz F < 10 dBl)
MOUNTING METHODS A
Minimum required dimensions o™ ‘
of metal connection pads on thick <3 ‘
and thin film substrates. % __J_ /
I *J,‘szir
085 ] |
||
Soldering ' 19 1

The leads are covered with a solder material of

which the melting point is 185 °C.

At a maximum lead temperature of 250 °C, the maximum permissible soldering

time is 10 s.
The maximum temperature gradient is 25 °C/s.

1) Crystal mounted in a BC177 envelope

February 1969
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BCwW29
BCw30

Typical behaviour of collector current versus collector-emitter voltuge

7210130 7210129
O = 1] 60 T2
-1 T -I -
o ] C —IB—QOOuAp
(mA) —ue=30£’$ (MA)-i , '250uA
= ] A
P, i 750| ’A— {/fl i ZOOUA
A T 0 ‘ l |
40 A 4 L150pA -
» 200uA 7 > uAH
T e e
T a ] T T
Y 150pA . L T
IR/ 4 = ]T_{__ P et 75HA
u 100pA -
- 1 A T 50uA]
20~ T 20 et =
~75pA =
! ERRER —
# L 50pA p=
T ]
1
| ,
EEEERE i
O . |
0 T =Veg(V 2 0 0 -Veg(V) 20
7210133
typical values
Veg =5V
400 T =25°C
Prg
300 BCW3C
200 = BCW29
100 e
0
001 01 1 10 -Ic (mA) 100
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BCwW29

BCW30
721012 7210127
typical values ] typical values
1 =25°C T =25°C
200 900
~VCEsat | IC Sog il ~VBEsat
(mv) BT (mv) I
| T = 0
150 —— S g00 B/
- I 20H]
Vi 7,
J 10 H
T 3 7/
J | /
- ff
100 - 700 >
II II 77
/.
8| yA
% S
50 600
il
1
1
1
1 I
0 L 500
01 10 -Ic(mA)100 01 1 10 -Ic (mA) 100
7210125 721013 —
’VCE =5V IEﬂe: —
T =25 f =1MHz =
80 20 = =250C —_—
-1 Ce
C
T
60 15 H i
wiia E :
uoy NN p
>°°T_"._>,' .o - : 1
40 [ mar andlp 10
o ol
E J LC .
I | TN T
20 5
. ! iyl
0
400 600 800 ~Vgg(mV)1000 0 10 15-Vca(V) 20
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BCW29 ‘

BCwW30
72101321
300 ~VCE=5V
T =25°C
fr f =35MHz
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200
typ
-~
100 —
/
»
//‘
1/
——

% 1 0 -Ic (mA 100
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— Orrrveg =2ov
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(nA) /
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/
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BCW31to 33

AF. SILICON PLANAR EPITAXIAL TRANSISTORS

N-P-N transistors in a micro miniature plastic envelope.
They are intended for low level general purpose applications in thick and thin film
circuits.

QUICK REFERENCE DATA
BCW31|BCW32|BCW33

Collector -base voltage (open emitter) Vopo max. 30 30 30 V
Collector -emitter voltage (open base) Vcgo max. 20 20 20V
Collector current (peak value) Icm max. 200 200 200 mA
Total power dissipation

up to Tymp =250C Pot max. 110 110 110 mW
Junction temperature T, max. 125 125 125 ©oC

D.C. current gain at Tj = 25 OC
IC=21’HA;VCE:5V hFE

\

110 200 420
< 220 450 800
Transition frequency at f = 35 MHz

Ic =10mA; Vcg =5V fT typ. 300 300 300 MHz

Noise figure at Rg = 2 k{2
Ic =200 uA; VCE =5V

f =1 kHz; B = 200 Hz F < 10 10 10 dB
MECHANICAL DATA Dimensions in mm
Code: 29m
BCW31 D1 19
BCW32 D2 01 ' 095 ‘

BCW33 D3 ~— 4—-]
&) e b
— © H
] A
| e
_»0_05min ) '('_,. N
LA==q
E'\ solder. ' e
0.85max material " 0.43max
105 max

MOUNTING METHODS see page 3.
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BCW31t033 i%

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)

Ic =2 mA VcEo max. 20V
Emitter -base voltage (open collector) VEBO max. 5V
Currents
Collector current (d.c.) Io max., 50 mA
Collector current (peak value) IcMm max. 200 mA

Power dissipation

Total power dissipation up to Tamp = 25 °C
mounted on a glass substrate of
5Smmx S mm x 1 mm Piot max. 110 mW

TemEeratures

Storage temperature T -65to+125 ©C

. Stg ) 1
Junction temperature Tj max. 125 "C7)
THERMAL RESISTANCE

From junction to ambient
mounted on a glass substrate of

Smmx 5 mm x 1 mm Rthj—a = 0.9 °C/mw

mounted on a glass fibre print of

24 mm x 12 mm x 1.5 mm Rth j-a = 0.5 °C/mwW
CHARACTERISTICS Tj = 25 OC unless otherwise specified
Collector cut-off current

Ig=0; Vcg=20V IcBo < 100 nA

Ig = 0; Vg = 20 V; Ty = 100 oC Ico < 10 uA

Base-emitter voltage

Ic=2mA;VCE =5V VBE 550 to 700 mV

1) For highly professional applications it is advisable not to exceed a maximum
junction temperature of 100 °C.
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BCW31t033

CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified

Saturation voltages

typ. 120 mV
Ic =10 mA; Ig = 0.5 mA VCEsat <yp 250 mv

VBEsat typ. 750 mV
I =50 mA; Ig = 2.5 mA VcEsat typ. 230 mV
VBEsat typ. 870 mV

D.C. current gain BCW31 | BCW32 |[BCW33

Ic =10 uA; Vcg =5V hFE typ. 90 150 270

> 110 200 420

Ic=2mA; Vcg =5V BFE < 920 | 450 | s00

Collector capacitance at f = 1 MHz

Ig =1 =0; Vgp =10V Cc < 4.0 pF

Transition frequency at f = 35 MHz

Ic =10 mA; Veg =5V fT typ. 300 MHz

Noise figure at Rg = 2 k2
Ic = 200 uA; VCE =5V

f =1 kHz; B = 200 Hz F < 10 ah
MOUNTING METHODS
o'amln
Minimum required dimensions
of metal connection pads on thick <3 7
and thin film substrates. 5 7 /
o
% %
|
77
l / i 10032

95
Soldering

;

The leads are covered with a solder material of which the melting point is 185 °C.,
At a maximum lead temperature of 250 °C, the maximum permissible soldering
time is 10 s.

The maximum temperature gradient is 25 °C/s.

1) Crystal mounted in a BC107 envelope.
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BCW31to 33 "

Typical behaviour of collector current versus collector-emitter voltage

7210154 7210157
60
&0 Tj=25°C Ig=200pA -+ Tj=25°C
1 ‘ y 4 180 A
c T Ic A
: (A} 160pA
(mA) 15-200 uA f A A a0uA ]
, ~ 180 uA A o 120uA
40 “160uA 40 <100 A
AT 4140pA / _ a0vh
% /’— 120 A ‘ A f’ﬂ !
p2% =100 uA yaunmRS=c Er LY
S EEEEnns
20 f 20 fif—— = 0
- N 7 Zana
: | ot ]
T j I | |
- 40 i 1T f
/7 =40uA 1 20pA]
~20uA : H
J | T
0 ; Ol L i L
0 1 VegV) 2 0 10 Vcg(v) 20
7210159
typical values
VeE =5V
800 chfzs°c
hre
600 BCW33
—
400 =
i BCW32
L — s
'/ ] -
200 = BCW3!
0
0.01 0. 1 10 Ic (mA) 100
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BCW31t0 33
2101601 72101614
typical values ] typical values T
Tj=25°C Tj=25°C 1c Yol
VCEsat C 2070 VBEsat i Lo
(mV) B (mV) ]
f 7
150 / 800 A
J V/
II V/A
N VA y A
100 y 700
— W,
50 —— T T 600
00.1 1 10 Ic (mA)10C 5000.1 1 10 Ic (mA)100
7210158 7210153
VCE =5V Ig=1=0
Ti=25°C f =1MHz
Ry
80 81250
Ic Ce
(mA) (pF)
60 6
nVeetyp max Vgg T
I
40 7 4
1
20 2 = Typ
/!
Vil
0 = 0
4,00 600 800 Vg(mVI000 O 10 20 Vcg(V) 30
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BCW31t0 33

7210155
600 Vog =5V
fr Tj =25°C
(MH2) £ = 35 MHz
400
— typ
Pz
\\
7 N
v
200 |
/l,
- N
>
e
. i
0.1 1 10 Ic (mA) 100
7210156
1000 =707
Icgo o
(nA) typ| 7]
100 Aot
T
1
/‘
/
10 /
/
74
/T
, v
0. L
0 50 100 Tj (°C) 150
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BFS17

SILICON PLANAR EPITAXIAL TRANSISTOR

N-P-N transistor in a micro miniature plastic envelope.
It is intended for a wide range of v.h.f. and u.h.f. applications in thick and thin
film circuits.

QUICK REFERENCE DATA

Collector-base voltage (open emitter; peak value) Vcgom max. 25 V

Collector -emitter voltage (open base) VCEO max. 15 V
Collector current (peak value) Icm max. 50 mA
Total power dissipation up to T, =25°C Pot max. 110 mW
Junction temperature T. max. 125 ©0C

]
D.C. current gain
Ic=2mA; Vcg =1V hpg 20 to 150

Transition frequency

Ic =25 mA; Vgg = 5 V; f = 500 MHz fT typ. 1.3 GHz
Noise figure

Ic=2mA; Vog =5V

Rg =50 €2; f = 500 MHz F typ. 4.5 dB
MECHANICAL DATA Dimensions in mm
Code: El | 2.9m

| .
afin R ECn N
O . B |
T
1 “ 3 * ‘:
. 2!
_|ogsm | fnl i
&‘;solder ¢ !
Oasmux material . 0.43Max
“05qu

|
7Z10011

MOUNTING METHODS see page 3.
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BFS17

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC134)

Voltages
Collector -base voltage (open emitter; peak value) Vcgom Mmax. 25
Collector -emitter voltage (open base)

Ic = 10 mA VcEo max. 15
Emitter -base voltage (open collector) VEBO max. 2.5
Currents
Collector current (d.c.) I max. 25
Collector current (peak value) IcMm max. 50

Power dissipation

Total power dissipation up to Tamp = 25 °C
mounted on a glass substrate of
5 mm x 5 mm x 1 mm Prot max. 110

Temperatures

Storage temperature TStg -65 to +125
Junction temperature Tj max. 125
THERMAL RESISTANCE
From junction to ambient

mounted on a glass substrate of

5Smmx 5 mm x | mm Rth j-a = 0.9

mounted on a glass fibre print of

24 mm x 12 mm x 1.5 mm Rth jr-a = 0.5
CHARACTERISTICS Tj = 25 OC unless otherwise
Collector cut-off current

IE = 0; VCB =10V ICBO < 10

Ig =0; Ve =10 V; Tj =100 °C Icgo < 10
D.C. current gain

Ic =25 mA; Veg =1V hpg > 20

mA
mA

mW

oC
oC

oC/mW

oC/mW

specified

nA
MA

1y For highly professional applications it is advisable not to exceed a maximum

junction temperature of 100 °C.
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BFS17

CHARACTERISTICS (continued)

Transition frequency

"

2 mA; Vecg =5 V; f =500 MHz
25 mA; Ve =5 V; f = 500 MHz

Ic
Ic

Collector capacitance at f = 1 MHz

Ig =1g=0; Vop =10V

Emitter capacitance at f = 1 MHz

IC=IC=0;VEB:0,5V

Feedback capacitance at f = 1 MHz

IC=2mA;VCE=5V

Noise figure

Ic=2mA; VCg =5V
f =500 MHz; Rg = 50 ©

1

Intermodulation distortion

Tj = 25 OC unless otherwise specified

jigy typ. 1.0 GHz
fr typ. 1.3 GHz

-C re typ. 0.65 pF

F typ. 4.5 dBl)

Ic =10 mA; Vg = 6 V5 Ry, = 37.5 @ Tamp =25°C

Vi, = 100 mV at fp = 183 MHz
Vg = 100 mV at f, = 200 MHz
measured at f(2q -p) ° 217 MHz

MOUNTING METHODS
Minimum required dimensions

dim typ. -45 dB

of metal connection pads on thick
and thin film substrates.

Olgmin

|7

Soldering

=@

j IR
|

—

[

7210032

The leads are covered with a solder material of which the melting point is 185 °C.
At a maximum lead temperature of 250 °C, the maximum permissible soldering

time is 10 s.

The maximum temperature gradient is 25 °C/s.

l) Crystal mounted in a BFY90 envelope.
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BFS17

3 7210169
Vce=5V T
¢ f =500MHz 1
T T =25°C
(GHz)
2
|
= —Ityp
/
1 \
~ \
A \
]
o)
01 1 10 Ic (mA) 100
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60 VCE=IV Ig=Ia=0
I T =25°C f =1MHz l
C T 2 T =25°C
(mA) T T
(pF)
]
40 15
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1
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BFS17

7210171
crystal mounted ina BFYS0 envelope Vce =5V
mIc =2mA 1
20 o Zg =optimum
FE T = 25°C
(dB) |
I
15
A}
X
A |
l I
\ ‘1 |
10 : - -
} - |
1 %
\ H ! t
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5 I ]
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BFS18
BFS19

SILICON PLANAR EPITAXIAL TRANSISTORS

N-P-N transistors in a micro miniature plastic envelope.
They are intended for general purpose and h.f. applications in thick and thin film

circuits.
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 Tymp = 25 °C Piot max. 110 mW
Junction temperature Tj max. 125 ©C
D.C. current gain BFS18 l BFS19
I[c=1mA; VCE= 10V hpgp 35 to 125 } 65 to 225
Transition frequency at f = 100 MHz
[c=1mA; Vcg =10V fr typ. 200 { 260 MHz
Noise figure at f = 100 MHz
Ic=1mA; VCE = 10 V; Gg = 10 mQ~1 F typ. 4 dB
MECHANICAL DATA Dimensions in mm
Code: - 2.gmax
BFS18 F1 19
BFS19 F2 U
\0.7‘\ . 095 :
.:K?I ile ‘ bl:j;l‘u s
L o N
T ' T
005" | 5 0
—»| —
'\solscier. . !
materia H max
0.85max 043
1.05max
||
7210011
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BFS18 |
BFS19

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)

Ic =2 mA VcEOo max. 20V
Emitter-base voltage (open collector) VEBO max. 5 V
Currents
Collector current (d.c.) Ic max. 30 mA
Colector current (peak value) Icm max. 30 mA

Power dissipation

Total power dissipation up to Tamb = 25 ©C
mounted on a glass substrate of

5mm x 5 mm x 1 mm Peot max. 110 mWw
Temperatures
Storage temperature Tt -65 to +125 °C
Junction temperature T; & max. 125 °cl
THERMAL RESISTANCE
From junction to ambient

mounted on a glass substrate of

5mm x5 mmx 1 mm Rip joa T 0.9 °C/mWw

mounted on a glass fibre print of

24 mm x 12 mm x 1.5 mm Rth j-a = 0.5 9C/mW
CHARACTERISTICS Ty =25 OC unless otherwise specified
Collector cut-off current

Ig=0;Vgg=20V Icpo < 100 nA

IE =0; VCB =20V, T] =100 oC ICBO < 10 IJA
Base-emitter voltage

Ic=1mA; Vg =10V VBE 0.65t0 0.74 V

1) For highly—;rofessional applications it is advisable not to exceed a maximum
junction temperature of 100 °C.
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BFS18
BFS19

CHARACTERISTICS(continued)

D.C. current gain

Ic=1mA; Vag = 10V

Transition frequency at f = 100 MHz
I[c=1mA; Vg =10V

Collector capacitance at £ = 1 MHz

IE=Ie=O;VCB:10V

Feedback capacitance at f = 1 MHz
Ic=1mA; Vocg = 10V

Noise figure

Ic=1mA; Vcg =10V
Gs =10 m2™+4; f = 100 MHz

MOUNTING METHODS
Minimum required dimensions
of metal connection pads on thick
and thin film substrates.

Tj = 25 OC unless otherwise specified

BFS18 | BFS19
hFE 35to 125| 65 to 225
fr typ. 200 260 MHz
Ce typ. 1 pF
~Cre typ.  0.85 pF
F typ. 4 dB 1)

& V17—
Y ‘ J ‘ i
T
| 7/
, I
s
| 19 ‘

Soldering

The leads are covered with a solder material of which the melting point is 185 °C,
At a maximum lead temperature of 250 °C, the maximum permissible soldering

time is 10 s.

The maximum temperature gradient is 25 °C/s.

1y Crystal mounted in a BF115 envelope.
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BFS18

BFS19
Typical behaviour of collector current versus collector-emitter voltage
60 7210176 60 7210175
Tj =25°C Tj=25°C
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typical values
Vcg=10V
200 T =25°C
hre
BFS19
150 =] ~—
z
P
P -
100 — | BFS18
] o ——
,/ o T~
50 ——=—
0
01 1 10 Ic (mA) 100

4 ‘ l ) ’ February 1969



BFS18

BFS19
7210179
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|
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BFS1i8

BFS19
615 7210172
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BFS20

SILICON PLANAR EPITAXIAL TRANSISTOR

N-P-N transistor in a micro miniature plastic envelope.

It has a very low feedback capacitance and is intended fori.f. andv.h.f. applications

in thick and thin film circuit.

QUICK REFERENCE DATA
Collector-base voltage (open emitter) VCBO max. 30 V
Collector-emitter voltage (open base) VcEOo max. 20 V
Collector current (d.c.) Ic max. 25 mA
Total power dissipation up to Tamp = 25 °C Piot max. 110 mW
Junction temperature T max. 125 ©C
D.C. current gain
I[c=7mA; Vcg = 10V hrE > 40
Transition frequency at f =100 MHz -
I[c=5mA; Vg = 5V fr typ. 450 MHz =
Feedback capacitance at £ = 1 MHz E
I[c=1mA; Vo = 10V -Cre typ. 400 fF
MECHANICAL DATA Dimensions in mm
Code: G1 2.9m
[ 19
- l
) 095 :
[
2] Eh —°H
| il o
0.05™Mi" ‘ M~
> —
L:% c
"™ solder !
0.85max material | 0.43max
1.05mx |
-
7Z1001
MOUNTING METHODS see page 3.
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BFS20

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

Voltages

Collector -base voltage (open emitter) VcBo max. 30

Collector-emitter voltage (open base)

Ic=2mA VCEO max. 20
Emitter-base voltage (open collector) VEBO max. 4
Currents
Collector current (d.c.) Ic max. 25
Collector current (peak value) IcMm max. 25

Power dissipation

Total power dissipation up to Tamb =25 °C
mounted on a glass substrate of
Smm x 5mm x 1 mm Prot max. 110

Temperatures

Storage temperature Tstg -65 to +125
Junction temperature T; max. 125

THERMAL RESISTANCE

From junction to ambient
mounted on a glass substrate of
Smm x Smm x 1 mm Rth j-a = 0.9

mounted on a glass fibre print of
24 mm x 12 mm x 1.5 mm Rth j-a = 0.5

junction temperature of 100 °C

mA
mA

mW

oC
OC l)

OC/mW

OC/mW

Iy For highly professional applications it is advisable not to exceed a maximum

2 February 1969



BFS20

CHARACTERISTICS T]- = 25 0C unless otherwise specified
Collector cut-off current
Ig=0; Vg =20V ICBO < 100 nA
Ig = 0; Vg = 20 V; Ty = 100 °C IcBO < 10 pA
Base-emitter voltage
_ . _ typ. 740 mV
Ic=7mA; Ve = 10V VBE 2P0
D.C. current gain
> 40
Ic=7mA; VCg = 10V
C m CE hpg typ. 85

Transition frequency at f=100 MHz

> 275 MHz

Ic=5mA; Vo =10V fT typ. 450 MHz

Collector capacitance at f = 1 MHz

Ig=1e=0; Vg = 10V Ce typ. 0.8 pF

Feedback capacitance at f = 1 MHz

IC = 1 mA; VCE =10V —Cre typ. 350 fF
MOUNTING METHODS
Minimum required dimensions 0.8min
of metal connection pads on thick >

and thin film substrates.

>
B
i)

Soldering

The leads are covered with a solder material of which the melting point is 185 °C.
At a maximum lead temperature of 250 OC, the maximum permissible soldering
time is 10 s.

The maximum temperature gradient is 25 °C/s.

February 1969 H “ 3



BFS20

60 7210182 60 7210180
typical values typical values
I Tj =25°C Tj =25°C
C [c
(mA) (mA)
40 40
')@v
' //Q
AN h 8
it phoretHgenhy s Bt T foankt
//, T '// - H A
20 . P ] A 20 1 02rmA
et OAm /4 \
a5= 0,2mA AmA
d 0imA
% 0 0 Vg ()20
1 Veg (V) 2 0 CE
7210186
150 Vce =10V
T =25°C
PeE !
100
- o
7
5054
0
01 1 10 Ic(mA) 100

™

l ) February 1969



BFS20

7210185
600 YeE=T0V
f =100MHz
fr T =25°C
(MHz)
~
400 // N
\typ
AN
Z
7
pd
200 v
7/
y
pd
7
0
01 10 Ic (mA) 100
7210181 —
60 Vce =10V e
I Tj =25°C| —
C
(mA)
40
typ
20
J
/
/
A
0 . 4
500 700 Vgg (mV) 900
February 1969 Il ” 5



7210183 100 7210184
Ig=I¢=0 Vcg=20V
f =IMHz 1
2 T =25°C CBO
Cc (nA)
(pF) 10 typ
15 y,
4
4
N T ,
1 N
N typ /'
8 01 /
05
0.01 1
% 10 20 Vog (V) 30 50 100 T (°C) 150
6 H II February 1969



BSV52

SILICON PLANAR EPITAXIAL
HIGH SPEED SWITCHING TRANSISTOR

N-P-N transistor ina microminiature plastic envelope. It is intended for very high-
speed saturated switching in thick and thin film circuits.

QUICK REFERENCE DATA
Collector -base voltage (open emitter) Vcpo — max. 20V
Collector -emitter voltage (Vgg = 0) Vcgs max, 20 V
Collector -emitter voltage (open base) Vecpo max. 12V
Collector current (peak value) IeMm max., 200 mA
Total power dissipation up to Tagmp =25 0C Prot max., 110 mWw
Junction temperature Ty -65to +125 ©C
D.C. current gain
Ic=10mA; Vg =1V hpg 40 to 120
Ic=50mA; Vcg =1V hpg > 25
Tllﬂan:sfaogf:.e%uencz f(g £7= 100 MHz . S 400 MHz
C i VCE T typ. 500 MHz
Storage time
Ic =1g =-IgMm = 10 mA tg < 13 ns
MECHANICAL DATA Dimensions in mm
2 gmux
Code: B2 * >
| 19 |
071 - 095 :
0 [
— CSI l:%]e : b[:g
| 5
0.05™in ’ |
—> —
L‘:%:
N sol?er_ 1 | L
max materia . max
085 0.43
1.05max
| —————»|

7210011

MOUNTING METHODS see page 5
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RATINGS Limiting valuesin accordance with the Absolute Maximum System (IEC 134)

Voltages

Collector-base voltage (open emitter) VeBo max. 20V
Collector -emitter voltage (Vg = 0) VCES max. 20V
Collector -emitter voltage (open base)

Ig = 10 mA VcEO max. 12V
Emitter-base voltage (open collector) VEBO max. 5 V
Currents
Collector current (d.c.) Ia max. 50 mA
Collector current (peak value) Icm max. 200 mA
Power dissipation
Total power dissipation up to T, 4 = 25 °c

mounted on a glass substrate of

Smm x 5mmx 1 mm Piot max. 110 mW
Temperatures
Storage temperature Tstg -65 to +125 gc 1
Junction temperature Tj max. 125 “C %)
THERMAL RESISTANCE
From junction to ambient

mounted on a glass substrate of

Smm x 5 mm x 1 mm Rth j-a 0.9 OC/mW

mounted on a glass fibre print of

24 mm x 12 mm x 1,5 mm Rthj-a = 0.5 0C/mW
CHARACTERISTICS Tj =25 OC unless otherwise specified
Collector cut-off current

Ig =0; Vgp =10V IcBo < 100 nA

Ig =0; Vg = 10 V; Tj =125 0C IcBO < S uMA
Saturation voltages

Ic =10 mA; Ig = 300 A VcEsat < 300 mV

Ic 710 mA;lg = 1 mA XES;;J " 200 10 228 EX

Ic =50 mA; Iy = 5 mA zgg;:tt b 1388 EX

temperature of 100 °C.

1) For highly professional applications it is advisable not to exceed a max. junction

February 1969



BSV52

CHARACTERISTICS (continued)

D.C. current gain

IC: I1mA; Veg =1V
Ic=10mA; Vg =1V
IC=50mA;VCE'lV

Transition frequency at f = 100 MHz

Ic =10 mA; VCg =10V

Collector capacitance at f = 1 MHz

IEZIe-‘-O;VCB:SV

Emitter capacitance at f = 1 MHz

Io=1c=0; Vgg =1V

Switching times

Storage time I =1Ig = -Igp = 10 mA

Test circuit:

Pulse generator:

Rise time ty
Pulse duration t
Duty cycle 6
Source impedance Rg

AV A

1 ns

300 ns
0.02

50 @

hFE > 25
hrg 40 to 120
hrg > 25
> 400 MHz
fr
typ. 500 MHz
Cc < 4 pF
Ce < 4,5 pF
tg < 13 ns
volt t
point P
A
+ 6V - |°°b
100% .
0 | | time
|
—AV—J-—%-
[
voltage at |
point A |
4 .
+10v | time
I
I
I 100°h
|
— 1
ts 10°%6
7205539
Oscilloscope:
Input impedance Rj = 50

Rise time

tr < 1lmns

February 1969



BSV52

CHARACTERISTICS (continued)

Switching times

Turn on time when switched from

T. = 25 OC unless otherwise specified

-VBg = 1.5V toIg = 10 mA; Ig = 3 mA ton < 12 ms
Turn off time when switched from
IC:1OmA;IB=3mA
to cut-off with ~Igp = 1.5 mA toff < 18 ms
Test circuit:
Vid o
|
|
|
[10% |
| ] time | time
| . |
E 0% Va I
| || "
| | %
! ! “L {
Lt tr L ts Atf
time o - time
T
Pulse generator: Oscilloscope:
Rise time ty < 1 ns Input impedance R; = 50Q
Pulse duration t > 300ms Rise time ty < 1 ns
Duty cycle 6 < 0.02
Source impedance Rg = 50 @
turn on time turn off time
Ic Ig | -Ipm |Vce |RIR2 | R3 | R4 | -VBB | -VBE | Vi |- VBB | -Vi
(mA) | (mA) | (mA) | (V) | (k) | () ]|(€) | (V) V) [V V) [ (V)
10 3 1.5 3 3.3 50 {220 | 3.0 1.5 | 15 12,0 | 15
Note

~IgM is the reverse current that can flow during switching off. The indicated -IgMm
is determined and limited by the applied cut-off voltage and series resistance.
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BSV52

MOUNTING METHODS

Minimum required dimensions of metal connection pads on thick and thin film sub-
strates

O.Smin

0gmin

<

|
-
|

|
1
|
|

Tr210032

Soldering

The leads are covered with a solder material of which the melting point is 185 0C.
At a maximum lead temperature of 250 OC, the maximum permissible soldering
time is 10 s.

The maximum temperature gradient is 25 9C/s.

February 1969 ll H 5



BSV52

7210098
100 oo :
Ic T =25°C
(mA) e
6\/ 714
> // A
V|
10 / ,//ﬂ
I/I 7
/ - +
i 7 14
any, v
/N1
1 /
~ w4
L
),
01 7 3 4
1 10 10 10°  Ig@A) 10
— - | 7210099
— FHVce =1V
] T =25°C o ——
_— 200 T
|
hee
150 ]
:
Mar—— T
= SEEEENE S
100 - '
—
— typ
50 min
— — — = —— A~
| "'T’
I
0 1
01 1 10 Ic (mA) 100
6 H ” February 1969



BSV52
o - 7&1)(807 e 7210106
typical values Ig= HA] pical values
T250C [T e Sss T =25°C
20 / 200
Ie Ie <
(mA) (mA) Vs
300uA L
15— 4 10 XS
T 1 v,
1 1
1T [ f
I T 200uA
10 - . T+ 100
] T ok
HHH = &
100pA
5 — 50
m a T 500uAn]
- 50 T
a5! /4% SOLA ! 200pA
I T pn i i ! T Tt
0_ 1 MBI 0:[1 L i] 1 111 T
0 05 T VcgW) 15 0 5 10 Vcg(V) 15
7210100
typical values
f =100MHz
800 T =25°C
fr
(MHz)
600
— ~i +
400 4. -
~ N NG
N4
7 \0[,
2z 7 N\
el AN
NG
&
200 \Z
\
AY
T
0 ]
1 10 100 Ic (mA) 1000
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BSV52

06 7210101
’ typical values|
v Tj =25°C
CEsat I
(v) IC =201
B/
A
/ /110
04 —
/
/
/
~— %
p4
= - /
0.2 =
 S——
-0
01 1 10 100 Ic (mA) 1000
— 15 7210097
— [ typical values
—— v ! Tj =25°C
BEsat
(V)
— Ic
1 63,2
20
05
0
01 1 10 100  Ic(mA) 1000
8 H ” February 1969



BSV52

06 7210104
. _ 15 7210105
y i %g;:;cgql vcdu:as | I IL| %yplccﬂ. values
CEsat 5" [ Veesat- | H15 =" [
(V) | R L
04 i S
! ! J_ -
— 200 Ie =10
200+ i - ]
e : =
mEN J] | [ LT .l
L] L LamP " B N Q’Qﬂ'ﬁ"
0.2 _ —~A0mE ] ! i g
T 051+ T
—TT |
SENERES - |
NN 1 mn
EEEEN NN 1 ‘

: ; | T [ |
T B
2500 oo O EAREn RS

jee =50 0 100 T; (°C)
10‘ . 7210102
typical values 6 = Guns
LegofHlE=le=0 obiee
(nA) o e
(pF) lEsIe:
I
10° S ;
/,Wj;, !
@ 2 4 T
) 4
y
10° /
7 |
7
2
10 / i 1
M~ typ
1 u
5 50 $(50) 150 !
100 Tj (°C) 150 0 10 Veg(V) 20
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Photo devices






BPX25
BP X29

SILICON PLANAR EPITAXIAL PHOTO-TRANSISTORS

General purpose n-p-n silicon photo-transistors in TO-18,

The window of the BPX25 is a lens, that of the BPX29 is plane.

QUICK REFERENCE DATA

Collector-emitter voltage (open base) VCEO max. 32V
Collector current (peak value) IcMm max. 50 mA
Junction temperature Tj max. 150 ©C
Collector -emitter dark cut-off current

Ig=0; Veg =24V Iceo() < 1.0 pA
Collector -emitter light cut-off current BPX25| BPX29

IB =0; VCE =24 V; at 1000 lux ICEO(L) typ. 8.0 0.8 mA

— e —

Peak spectral response )‘m typ. 0.8 um

MECHANICAL DATA

Dimensions in mm

BPX25 é
™
TO-18, except for °
lens é 3
| cemmeme— |
Collector connected g =
to case
69mcx J 12.7min
M 7210627
BPX29 g
]
TO-18, except for - <
window g | c=|.
o |
Collector connected 3 ) ————
to case
5.5'““"J 12.7min
e 7710628
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Il
BPX25
BPX29

|

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

mA

mW

oC
oc

OC/mWwW
°C/mw

Voltages

Collector-base voltage (open emitter) VecBo max. 32
Collector-emitter voltage (open base) VcEO max. 32
Emitter-base voltage (open collector) VEBO max. 5
Current

Collector current (peak value) IeMm max. 50
Power dissipation

Total power dissipation up to Tamp = 25°C  Pot max. 300
Temperatures

Storage temperature Tstg -65 to +150
Junction temperature T max. 150
THERMAL RESISTANCE

From junction to ambient Rth j-a 0.4
From junction to case Rth j-c 0.15
CHARACTERISTICS Tamb = 25 °C unless otherwise specified

Collector -emitter dark cut-off current

Ig=0; Vcg =24V

Ig = 0; VGE = 24 V; Tapmp = 100 °C

Collector -emitter light cut-off current

Ig = 0; VCE = 24 V; illumination: 1000 lux
tungsten filament lamp source with

colour temperature 2700 °K (7.7 mW/cmZ)
GaAs source; 15 mW/cm?2

D.C. current gain
Ic :ZmA;VCE=5V

Cut-off frequency

Source: modulated GaAs; 0.4 mW/cm2
Load : optimum (50 2)

IcEO(D)

IcEO(D)

IcEO(L)

IcEO(L)

hFE

co

typ.

<

typ.
<

typ.
typ.

typ.

typ.

MA
MA

30 uA
500 wuA

0.
1

o oN

BPX25 | BPX29

2.5
8.0
13

250

200

0.25 mA
0.8 mA

1.3 mA

250

150 kHz
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BPX25
BPX29

CHARACTERISTICS (continued) BPX25| BPX29

Rise time 1) ty typ. 1.8 2.4 us
Fall time 1) t typ. 1.8 2.4 us
Peak spectral response Am typ. 0.8 0.8 um
Equivalent noise illumination at f = 800 Hz 2)
VeEg =5 V; illumination: 1000 lux typ. 0.5 1.5 mlux
VHz
7210147
spectral response
relative
respon:
(%)
100
A
V.
4
50
A A
0
0.4 0.6 0.8 10 X (um) 12

1) Source: modulated GaAs: 0.4 mW/cm?
Load : optimum (50 )

2) At this and lower frequencies, noise predominates.

f

August 1969 3



BPX 25
BPX29
60 72101461 30 72101501
light current versus | BPX25 light current versus —— BPX29
collector-emitter voltage collector emitter voltage
I%Eo(;—) ! ! ! Jr I[ ICEO(L) T
mA
p '8888113; source colour (mA) A source colour
temp.=2700°K A temp =2700°K
v/ A8000Lux In=0 S
‘A 47000 Lux B= Q) J IB=0
77 }6000Lux Tamp=25°C S, Tamp =25°C
40HA7 T typical values 20 \ typical values
50001ux V-
' - S
Sy 4 SA T T\
18 '-Q\' /'
f{p“ " 2
B ) 0 \)"?\fé‘ N
AR 7 e 3
[’Z_ Sl P AN
20} L1 ud 10 = %
T IoOWER QO
__IL/Q N >
3 A ot
h N - X
NS0 =1 30001
N |
| | Tillumination=1000Lux FTT LIO(T)Olu;(
[ T11
illumination=1000lux
0 0 mEEEEnENEN
0 20 Vee(V) 40 0 20 Veg (V) 40
30 7210666 ]02 7210148,
light current versus F]dark current versus ya
-— ambient temperature —mmbllenii telmperature a
Leeoq) [TTTITTTT1] Iceom) 11 7/
(mA) |+ itlumination : 1000 lux (HA) Ig =0
— || colour temperature =2700°K H Vep =24V
— ig=0 /
— L {Vcg=5V ty ‘7
20 BPX25 0 f
/| /
p.4 7
7
4
typ
10 1
V4
y A
nEnp 7
r BPX 2¢
/ /
r/ l
typ o~ /
0 ' 107!
0 100 Tease (°C) 200 0 50 100 Tamb(°C) 150
4
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BPY 10

SILICON PHOTOVOLTAIC CELL

Silicon photovoltaic cell for use in tape and card readers.

QUICK REFERENCE DATA

Sensitive area 2.8 mm?
Light sensitivity at E = 2000 lux typ. 32 pA
Ambient temperature Tamp max. 100 ©C
Peak spectral response A typ. 0.8 um
MECHANICAL DATA Dimensions in mm
s S %
—to — ==
el e
0.35
023
JE |
7.6m0)( 37m|n I

1
7208703

25m
T

sensitive area

May 1968 || ” 1



BPY 10

RATINGS (Limiting values) 1)

Reverse voltage
Forward current

Temperatures
Storage temperature

Junction temperature

CHARACTERISTICS

Dark reverse current

VR=1V
VR =1 V; Tymp =75 °C

Short circuit current

Colour temperature 2700 9K

E = 2000 lux

1

E = 10000 lux

Peak spectral response

Sensitive area

Diode capacitance at V =0

Tstg

T

max. 1V

max. 10 mA

-20 to +100 ©C
max. 100 ©oC

Tamb = 25 OC unless otherwise specified

IRs

IRs

Cq

typ. 0.35 wpA

< 10 uA
< 30 wuA
typ. 32 uMA
15to 50 upA
typ. 160 uA
typ. 0.8 um
typ. 2.8 mm?2
< 1000 pF

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

publication 134.

May 1968



BPY 10

103 7206108

A E-1000010x
(mV) 20001ux ™

10° - Tamp =25°C

10

o1 1 10 10° 10°  Ip(uA)

7208110

Ins Ins =typical short-circuit output current
(LA)
150

7(:‘lmb=25oc 7

\

100 0 S

\

50 7

0 2000 4000 6000 6000  E(lux) 10000

May 1968 || || 3



BPY 10

7208109

200 Ins= typical short-circuit output current| HHHH
; ol
Ips typical values E _100001ux 11
(LA) u
150
70001ux
1007
4000lux-++|
50
2000luxT1]
15001ux
1000lux
7501ux
0 5001ux
0 20 40 60 80 100 Tomp (°C) 120
7206107
Ir
(LA) -
— Tomp=25°C
—_— 10°
—
=typ E —10000Tux
102 N
LtyD 20001ux <
..\
NN
\V
10
! 3
1 10 10 10 0% 10° R (@) 10°
4 May 1968



BPY 10

s [ ] I
<
QS
N
~
N
~
7 E
L. <
A =
-
-
3 =
+ ——
=t
——
——
——
/
o)
\N S
I~
—
e~
b~
-
—
——
jo) Q [S)
S © N3 N e

]
(%) asuodsal aA13D)aY
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BPY 10

7 0 O 7208 705:
[R i VQl =7 V v 4/' :
wal WA
L /|

Vi
i ral / .
3 LT / i
0 i maxLertT :
i Y §
’_ =
E / N
| / i
1 g =
L X Q} .
L 1
o1 |
0 20 40 60 80Tmp°CN100
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OAP1i2

GERMANIUM PHOTO-DIODE

Germanium general purpose photo-diode in a metal envelope.

QUICK REFERENCE DATA

Sensitive area 1 mm?2
Light sensitivity 0.05 pA/lux
Ambient temperature Tamp  max. 60 ©oC
Peak spectral response Am typ. 1.55 pm
MECHANICAL DATA Dimensions in mm
_ 935 max - 2gmin ’g‘
@©
8
7 WO d 3z
S N — 1}
k 7208660

glass lens

The coloured dot indicates the anode

May 1968 Il II 1



OAP12 I I

RATINGS (Limiting values) 1)

Reverse voltage VR max. 30V
Reverse current IR max. 3 mA
Total power dissipation Piot max. 30 mW
CHARACTERISTICS Tamb = 25 °C and using a lamp of colour

temperature 2500 9K
Dark reverse current at VR =10 V IR < 15 uA
Noise of the dark current (r.m.s. value)

VR =10V; f=10kHz; B=1Hz < 3 PpA
Diode resistance (VR = 0.5 to 30 V) D > 3 MQ
Cut-off frequency at Vg = 10 V 2) fe typ. 50 kHz
Peak spectral response Am typ. 1.55 wum
Zero spectral response A0 typ. 2.0 um
Sensitive area 1 mm?
Light sensitivity 0.05 uA/lux

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

publication 134.

2) Frequency at which the sensitivity is 3 dB below the reference sensitivity, the

latter being measured at Vg =10 V; f = 1 kHz; Tamp = 20 °C.

-

May 1968



OAP12

7208095 7208096
1000 VR =5V 300 typical values
E =0 VR =5V
Ig I
(uA) Tamb™
H (nA) 600G
100 200 LA
/ 50°C
7 1T
/ v.d » ,,40°C‘
A 27°C
pARV.o4
§ yARV.94
b, 7/ ARy an
10 : 100 v
7
T 17
7
77
vy
9 4
0 50 Tamb(°C) 100 0 1000 E(lux) 2000

7208097

6 Tamb=25°C
Ip E =0
(eA)
6 an
R
typ BEEEEC
v
4
]
1
I
2
0
0 0.2 04 (V|60 10 20 (V] 30
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OAP 12

7208098
Ip
(A)
300
typical values|
amb=27°C
200
E=16001ux
= wfon 4o}
100 EEEEE 500 lux
11 4001ux
e o e e e i e B
A 1 1. 2001ux
= =FH100lux
0 o
0 10 20 30 40 Vr {V 50
7208099
Ip
(A)
300
typical values
Tamb=40°C
E =16001ux
200 EEEEE e
5001ux
100 r
4001ux
M T T
g 5 i e o o -2001ux
= del e el == 100 TUX
0
0
0 10 20 30 40 Ve (V) 50
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OAP 12

T T T Sua
IR [T
(yA typical values
300 Tamb=50"C
—16001uX
200 —— =]
- 300 1uX
—— T £4001ux
——— =
| ppt==t L o] cnpee == —FQQIUX
100 == = = EeEE1001ux
L - —— __...-—: pm—— TLE=+ 0
0
0 10 20 30 40 Ve V) 50
T [TTTF 7206,?11
Ir T 160044 n|
([-l A) typical values = 3001ux
Tamb =60°C A i =T i
300 — =8 i
A - Zolg‘lux
—'4r X
= RN L Iz 0};01UX
= b -~ =
> i~ = HLHETHO
1 ot 1 |t |
bt - ’f
200 > T T e TE
4 -~ - e
p 1 o] p! -
- 4 g g
= A A
P Lot Lot et
- - L~ 1
= A
b1 | |
! ot |
100 >
et
0
0 10 20 30 40 7% (v) 50
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OAP1i2

1) ——— S s R L S S 74113
4 S
(%) =10V
N , =10k L)
\
80
\
\
\
\r"
=
AN
60
N
40 AW
\
\
\
\
\
\
\
1 10 100 f (kHz) 1000
7208104 60 7208103
VR=5V : Tamb=25°C [ [ 1,
E =0 c E =0
40 <;
(pF
I':D /V
(M) ! y
30 40
\
o Q
: z o
20 4
/
an V4
A AV
10 /
1] y
7
Y,
A
A Il
0 oLLlL
0 20 40 TampCC)60 0 05 1
VRIV)
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OCP70

GERMANIUM PHOTO-TRANSISTOR

P-N-P germanium photo-transistor intended for general purposes.

QUICK REFERENCE DATA
Collector-base voltage (open emitter) -VcBO max. 15 V
Collector -emitter voltage (Rgg <1 k§2) -VCgR max. 15 V
Collector current (d.c. or average) ’e max. 20 mA
Total power dissipation up to Tamp =25 ©C Piot max. 100 mW
Junction temperature Tj max. 65 OC
Light sensitivity (area 7 mmz) N > 130 mA/lumen
Peak spectral response Am typ. 1.43 pm
MECHANICAL DATA Dimensions in mm
max 15 min37
9 112115 \
S |
E o J :‘\; RN 3 ————J____ | —
R0 ==
C E 7202241 EAd) O\ST
75 max 157 S

The coloured dot indicates the collector

The preferred direction of incident light is perpendicular to the plane of the leads,
and is on the side of the bulb bearing the type number.

1) Not tinned.
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OCP70

RATINGS (Limiting values) 1)

Voltages

Collector-base voltage (open emitter) -VCBO
Collector-base voltage (peak value) -VCBM
Collector-emitter voltage (Rgg < 1 k2) -VCER
Collector-emitter voltage (open base) -VCEO
Collector-emitter voltage (peak value) -VCEM
Currents

Collector current {(d.c. or average) -I¢
Collector current (peak value) -IcMm

Power dissipation

Total power dissipation up to Tymp =25°C Piot
Temperatures

Storage temperature Tstg
Junction temperature T

]
THERMAL RESISTANCE

From junction to ambient in free air Rih j-a
— CHARACTERISTICS
— Collector-emitter dark cut-off current
— Ig=0; -VCE =4.5V ~-ICEO
Cut-off frequency for modulated light fe

Collector current

-VcE = 2 V with uniform illumination of
75 ft. candle (807 lux) with preferred di-
rection of incident light, colour temper-

ature of the light source 2700 °K -Ic
Light sensitivity (area 7 mm2) N
Peak spectral response Am
Zero spectral response 20

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

>
>
typ.

typ.

15
15
15
7.5
7.5

20
20

100

65
65

325

750

130

1.43

1.9

< < < < <

mA

mW

oC
oC

oC/mW

MA

kHz

MA
mA/lumen
um

um

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

publication 134.
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OCP70

CHARACTERISTICS (continued)

Circuit diagram

O —12V

dependent on

l frequency

7209452 +

Photo-transistors are inherently sensitive to temperature variations, which result
in variations of the output current which cannot be distinguished from the light sig-
nal. This is particularly so with an open circuit base connection, when thermal
runaway is most likely to occur; for operation at elevated voltage and temperature
the use of an external base emitter resistance is essential.

The function of this is to improve the light to dark current ratio by causing a much
greater proportional decrease in dark current. It is recommended that for this
purpose an NTC type resistor is used, the value required depending on the maxi-
mum ambient temperature and light level.
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OCP70

8 7208119
100 7ZO|8H 100 : }
] 1 E
il
Hr
I
1
. light current at junction temp.= T° . . _To
Ratio of light current at junction temp.= 25°C Ratio of g:it zﬁg:ﬁ :t ;322222 t::g:= ;og
-Ig = 2.5 mA
10 10 : -
H % st
|
| 4
g ’
A A‘ﬂ/
1 EN) el ] Y
i T
il
0.1 0.1 i o
0 20 40 T (°C) 60 0 20 40 Tj(°C) 60
100 1 I72003 5
N
(%)
80
I
]
60 H
V.
Fa)
r Y
<o
20
0 5
04 06 08 1 12 14 1.6 A.(ym) 1.8
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OCP70

150

7208120

tot

(mW)

100

50

0 50

Tamb(©C) 100

20 7208112
Maximum collector -emitter voltage (with resistance [ 1]~ " TT T T T T
v between base and emitter)
“YCER
(v) —
15 [rem——
——
N
M
X
SN,
10 ~
NG
~
~
[~
o Illlll;ollll n L l’bolllp\ P T ‘}aloo
! 208 k)
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ORP10

PHOTOCONDUCTIVE CELL

Indium antimonide photoconductive element mounted on a copper heatsink, recom-

mended for operation at a temperature of 20 °C.

Sensitive to infra-red radiation extending to 7.5 um and intended for use withmod-

modulated or pulsed radiation.

RATINGS (Limiting values) 1)

Bias current at Typ = 20 °C I max. 100 mA
Temperatures
Operating ambient temperature Tamb max. 70 °c
Storage temperature TStg -50to+70 °C
CHARACTERISTICS Tamb =20 OC unless otherwise specified
Peak spectral response A 6.0to0 6.3 um
Spectral response range from visible to 7.5 um
Cell resistance £} 30to 120
Time constant 0.1 us
Sensitive area 6.0x 0.5 mm2
Sensitivity ( 6.0 um radiation) t>yp. ?‘é ZX;ZVVX
(500 °K radiation) typ. 0.3 uV JuW
> . 7
9—*_ (60 yim, 800 Hz, 1 I_IZ)}see notes 1 and 2 typ. ggi 188 ZE\/\/%//&
(500 °K, 800 Hz, 1 Hz) typ.  6.0x10°  cmVHz/W
Noise equivalent power (N.E.P.)
(6.0 um, 800 Hz, 1 Hz) typ. 8.6x10710 w
]see notes 1 and 2 < 2.0x1077 w
(500 °K, 800 Hz, 1 Hz) typ.  2.5x107°0 W

MECHANICAL DATA (see page 2)

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

publication 134.
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MECHANICAL DATA Dimensions in mm

o
o
(8]

3

3
w
o

|

fixing Q_l
holes

sensitive area
¢
60 ¥
17
95

direction of radiation

Q

a4 |
15+ 37min 10

7208508

NOTES

1. Measuring conditions.

The detector is attached to a heatsink which is maintained at a temperature of
20 OC and a bias current of 50 mA is applied. A parallel beam of monochromatic
radiation of wavelength 4.4 um, which would produce a steady irradiance of
68 uW/cm? at the sensitive element, is chopped at 800 Hz, giving an actual
r.m.s. power at the element which amounts to

21,82- = 31 uW/cm2
Measurements of the detector output are made with an amplifier tuned to 800 Hz
and with a bandwidth of 50 Hz, and are referred to open circuit conditions i.e.
correction is made for the shunting effects of the bias supply impedance and the
amplifier input impedance. Under these test conditions, the ORP10 will exhibit
a minimum signal-to-noise ratio of 45 and typical of 105. The sensitivities
quoted at the wavelength of peak response and under black body conditions are
calculated from these measurements, assuming the detector to have a typical
response curve.

2. D* and N.E.P.

These are figures of merit for the materials of detectors.
D* is defined in the expression:

A\
V—S x VA(AD)

* n
b= W
where: Vg = signal voltage across detector terminals
Vn = noise voltage across detector terminals
A = detector area
(Af) = bandwidth of measuring amplifier
W = radiation power incident on detector sensitive element in watts.
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” ORP10

NOTES (continued)

The figures in brackets which follow D* refer to the measuring conditions e.g.
D* (5.3 um, 800 Hz, 1 Hz) denotes monochromatic radiation incident on the de-
tector of wavelength 5.3 um, chopping frequency 800 Hz, bandwidth 1 Hz.

The Noise Equivalent Power (N.E.P.) is related to D * by the expression:

Va

D*"’

N.E.P. =

. Variation of performance with bias current.

Both signal and noise vary with bias current. Typical curves are shown on page 5.
At high currents the noise increases more rapidly than the signal, and therefore
the signal-to-noise ratio has a peak value at some optimum current, which will
vary slightly from cell to cell. A typical value is 50 mA. In addition the ohmic
heating caused by bias currents above 60 mA causes the temperature of the ele-
ment to become significantly greater than the substrate so that the signal de-
creases as described in note 4.

. Variation of performance with element temperature.

As with all semiconductor photocells, the performance depends on the tempera-
ture of the sensitive element. In the case of the ORPI10 this is influenced by the
ambient temperature and ohmic heating caused by the d.c.bias current. To mini-
mise fluctuations, the element is mounted on a copper base from which it is in-
sulated by a layer of aluminium oxide, and can readily be attached to a large
heatsink.

A typical variation of performance with temperature is given on page 5. The
curve on page 5 shows the decrease in signal caused by the high current raising
the temperature of the element.

On cooling, indium antimonide exhibits improved sensitivity and increased resis-
tance. Below 15 OC this is impractical with the ORP10 unless special precautions
are taken to prevent condensation and icing on the exposed element.

. Warning.

The sensitive surface is unprotected and should not be touched. It is stable in
normal atmospheres but should not be exposed to high concentrations of the va-
pours of organic solvents. Care should be taken to avoid strain when attaching
cells to heatsinks.
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ORP10 “

Recommended circuit for use with radiation chopped at 800 Hz.

supply
R
S0uF .50
N :
-
amplifier
ORP10 -F“PF
T80T O

..
CIRCUIT NOTES

The transformer should be adequately screened to prevent stray pick-up.

The resistor R should be wire wound to minimise noise. It must be substantially
larger than the cell resistance and its actual value will depend upon the supply volt-
age and the cell currents required. The 560 pF capacitor tunes the secondary to
800 Hz.

1000 7208505 109 . 7208504
"“Hrelative response versus A chopping frequency 800Hz =
N D* bandwidth 1Hz
(°l)
A
100 108 pd \‘
\ - typ
10 10’
1 108
0 5 AMum) 10 0 5 A (um) 10

4 H H May 1968



’ ORP10

200 , 7208503 00414
r N|S
() : (V) | (pV)
S ==
qra tio
150 0.03}3
ﬂ°9e®\
a c\(c}i“
AN e
100 S Soaaais 02] 2
1 oPen ey,
v = oos’gnal ctcé”t
i - NN | .Oum(s ]
_— O, AR T T
v = Q///7 Sy
50 = L H%e q/\S ) 001
resis ance (rl
1
]
0
00 20 40 60 80 100 I(mA) 0
2 7Z0850¢
normatised curves for resistance and open circuit
signal at 60um
15
N
1
\‘ T
SReRreSiStance]
05 -
Signal
11T
0 InE
10 20 30 40 50 60 T(°C) 70
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ORP13

PHOTOCONDUCTIVE CELL

Indium antimonide photoconductive element mounted in a glass dewar vessel and
cooled by liquid nitrogen. Sensitive to infra-red radiation extending to 5.6 um and
intended for use with modulated or pulsed radiation.

RATINGS (Limiting values) 1)
Bias current at Typp = 77 °K
Temperatures

Operating temperature

Storage temperature

CHARACTERISTICS

Peak spectral response

Spectral response range

Cell resistance
Time constant
Sensitive area

Dwell time of liquid nitrogen

Sensitivity (5.3 pum radiation)
(500 OK radiation)

* (5.3 um, 800 Hz, 1 Hz)

see notes 1 and 2

9K, 800 Hz, 1 Hz) J

Noise equivalent power (N;E.P.)

(5.3 um, 800 Hz, 1 Hz)
see notes 1 and 2

(500 °K, 800 Hz, 1 Hz)
MECHANICAL DATA (see page 2)

5.0

T 77
TStg - 55 to+ 55
by 5.3
from visible to 5.6
r 20 to 60
5

6.0x 0.5

> 40

> 12
typ. 24
typ. 4.5

> 2.6 x10'0
typ. 4.5 x 1010
typ. 8.0 x 10°
typ. 3.8x 10712

< 6.6 x 10712
typ. 2.2x 10711

mA

°¢c
T=77%

um

um

kQ

us

min.

mV /uW
mV /uW

mV /uW

cm\/?I;/W

cmV Hz /W

i e
cm Hz /W
w
W
w

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

publication 134.
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MECHANICAL DATA

e'omax

cell lead

N

1270mex

cell lead

355mox e

Dimensions in mm

D:j:%terminals
|

leads | _
| —metal encapsulation
! .g/ glass dewar vessel
sensitive area—f— ' sapphire window
:'récgidaeﬁr;tn_ surface aluminised

mirror

I 7208603

H
é oo
— 1100
— 25,
37
<]
o+
8
©
=
32
N
\ l ™M
7ZOGGOi
2 May 1968



ORP13

NOTES

1. Measurihg conditions.

The detector is cooled to 77 9K by filling the dewar with liquid nitrogen and a
bias current of 250 uA is applied. A parallel beam of monochromatic radiation of
wavelength 4.4 um, which would produce a steady irradiance of 7.6 uW/cm? at
the sensitive element, is chopped at 800 Hz, giving an actual r.m.s. power at
the element which amounts to

~

.6

5 = 3.45 uW/cm?2

N

Measurements of the detector output are made with an amplifier tuned to 800 Hz
and with a bandwidth of 50 Hz, and are referred to opencircuit conditionsi.e.
correction is made for the shunting effects of the bias supply impedance and the
amplifier input impedance. Under these test conditions, the ORP13 will exhibit a
minimum signal-to-noise ratio of 1650 and typical of 3270. The sensitivities
quoted at the wavelength of peak response and under black body conditions are
calculated from these measurements, assuming the detector to have a typical
response curve.

2. D* and N.E.P.

These are figures of merit for the materials of detectors.
D* is defined in the expression:

Vs
Vo \A @)

* —
bT= W
where: Vg = signal voltage across detector terminals
Vn = noise voltage across detector terminals
A = detector area
(Af) = bandwidth of measuring amplifier
W = radiation power incident on detector

sensitive element in r.m.s. watts.

The figures in brackets which follow D* refer to the measuring conditions e.g.
D* (5.3 um, 800 Hz, 1 Hz) denotes monochromatic radiation incident on the de-
tector of wavelength 5.3 um, chopping frequency 800 Hz, bandwidth 1 Hz.

The Noise Equivalent Power (N.E.P.) is related to D* by the expression:

VA

D*

N.E.P. =

3. Variation of performance with bias current.

Both signal and noise vary with current in this type of cell. Typicalcurves are
shown on page 5. At high currents the noise increases more rapidly than the
signal, and therefore the signal-to-noise ratio has a peak value at some optimum
current, which will vary slightly from cell to cell. A typical value is 250 uA.
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NOTES (continued)

4. Effect of ambient radiation.

Care should be taken to avoid the incidence on the cell of appreciable radiation in
the visible range. Such radiation will cause a decrease in the cell resistance and
signal as long as the cell is kept cool. Normal daylight can cause this effect if
seen for more than a few minutes. Precautions should be taken to prevent visible
light reaching the sensitive element via the liquid nitrogen compartment.

5. Warning.

Care should be taken to ensure that the device is not allowed to reach room
temperature while still biased.

The dewar vessel must always be completely dry before being refilled with li-
quid nitrogen. In very humid conditions, water vapour may condense at the top
of the dewar vessel. Should this occur, the remaining liquid nitrogen should be
allowed to boil off, the ice should be removed and precautions taken to avoida
recurrence.
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1000 7208598 10" 7208599
relative response versus AFH chopping frequency=800Hz 1]
N p ¥ |bandwidth=1Hz|
=
(°lo) A
//
//
P
100 x 10" :
e y
y
'/ ‘
Y ( typ
/|
/
10 10°
1 ] 108
0 2 4 A(pm) 6 0 2 4 A(um) 6
5 7208600
10 E radiation=76uW/cm?2 at 4.4pm 100
S ratio liquid nitrogen temperature =77°K - S
N chopping frequency = 800Hz (mv)
amplifier bandwidth=50Hz N
(V)
10% 10
4 open circuit signal
y
e 7
y Iy
3 /’/ ,/ d \\
10 7 7 ‘\ 1
4 v H 3 K A v 0
,' ~<open circuit noise—\ signal-to-noise ratio
7 oot
//'
4 g
102 01
001 01 1 10 I (mA) 100
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61SV

PHOTOCONDUCTIVE CELL

Uncooled lead sulphide photoconductive cell intended for use with chopped or pul-
sating radiation, having a high infra-red sensitivity at normal room temperatures.

RATINGS (Limiting values) 1)

Applied voltage Y max. 250
Bias current 1 max. 0.5
Temperatures

Ambient temperature (see note 3 at page 3) Tamb max. 60
Storage temperature Tstg max. 60
CHARACTERISTICS

Peak spectral response A 2.5
Spectral response range AV 0.31t03.5

Sensitivity (See note 1 at page 2)

Sources: black body at 200 °C (r.m.s. voltage over peak power) 180

tungsten lamp 2) (peak current per lumen) 3
Signal-to-noise ratio with ulack body at 200 °C §N— 150
Noise equivalent power (N.E.P.)

Sources: black body at 200 °C (bandwidth 1 Hz)s) 5.0x1077
tungsten lamp (2 + 0.05 um) 5.5x10711

Cell resistance (typical production spread)
(See note 3 at page 3) lto4

mA

oC

oC

um

MV /uW

mA/lumen

M2

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

publication 134.

2) Chopped light, 0.05 lumen from a lamp at colour temperature 2700 OK falling on

the cell area and with 200 V applied to the cell.

3) 4.9 uW of radiation falling on the cell area with 200V applied to the cell and with
a 1.0 MQ load resistor. The chopping frequency of the radiation is 800 Hz and

the measuring amplifier has a bandwidth of 50 Hz.
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CHARACTERISTICS (continued)

Time constant (see note 2 at page 3) 75 us
Variation of dark current with ambient temperature -2 %/°C
Sensitive area (outer electrodes being 6.0 mm long
and 6.0 mm apart) 36 mm?2
MECHANICAL DATA Dimensions in mm
- 4,1 max -
285 '§_OH
Tf_ sensitive
x = 7 area
o =
~ el
locating
slot 7208536
NOTES

1. Sensitivity

The 61SV differs from vacuum photoemissive cells in that the signal for a given
irradiation energy is linearly proportional to the applied voltage.

At low or normal radiation levels the cell current changes linearly with illumi-
nation. At very high levels of illumination the current varies as the square root
of the illumination.

The sensitivity of photoemissive cells is normally defined in units of uA/lumen,
the energising light source being a tungsten lamp operated at 2700 0K. The 61SV
has a high infra-red sensitivity, and its performance is usually defined in terms
of volts across the cell load divided by radiation source in watts, when subjected
to chopped radiation from a black body at some specified temperature.

As a limiting measure of cell sensitivity the signal-to-noise ratio for a given
amount of chopped radiation from a black body is usually given, or what is the
same thing, the noise equivalent power, i.e., the radiation falling on the cell
which will produce a signal equal to the cell noise with a testamplifier bandwidth
of 1 Hz.

For any applied cell voltage there is a definite noise output, and the radiation
source energy required to produce a signal output just equal to this noise output
is referred to as the noise equivalent power.

The sensitivity increases rapidly with the radiation source temperature. This is
illustrated by the fact that if the source temperature changes from 200 to 500 OC
the sensitivity increases by over 100 times.
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NOTES (continued)

2. Frequency response

As contrasted with the virtually inertialess vacuum photoemissive cells, the
61SV has a time constant in the region of 75 us. This represents the time for
the signal to drop to el of its value after the radiation on the cell has been cut-
off. Because of this the sensitivity varies with the frequency of interruption of
the radiation in accordance with the following relationship.

So

V1+ 42242

where S and Sq are the sensitivities at frequencies f and zero respectively and T
is the time constant.

S =

3. Ambient temperature

The sensitivity is susceptible to changes in ambient temperature. The change in
signal sensitivity with ambient temperature for a black body source having a
temperature of 200 °C can be expressed in the following manner over the tem-
perature range —-10 9C to +50 OC.

ST T ST AT

== 14 - =orAz—= = -

520 50 S20 50
where ST and Spg are the sensitivities at T °C and 20 °C respectively. The sen-
sitivity changes 2% for each OC change of its value at 20 °C.

400 7208529
total area (6.0mmx6.0mm) of cell exposed
1 lamp colour temperature = 2700°K
(uA)
300
005 lumen H
[TTTITTI
200 004 lumenH
002lumen H
T
= [T IIITTT
100 L 0011lumen H
z - =T ] 0005lumen
= Ll s = total HH
= = rkness T
- =
0 " aan
0 50 100 150 200 250 300

V (V) (no load)
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600 f2o02 30,3000
1 1T
S ratio N|S
N (V)] (uv)
4.9 uW from a 200 0C (473 ©K) black body source.
T chopping frequency = 800 Hz
amplifier bandwidth = 50 Hz )
400 voltage across cell and 1 M2 series load: 200 V. 2012000
-
. slbh 4]
200 ] =90 10 noise’ g )‘” S) 10]1000
- | o
o
Noise (N
0l0
%0 =20 0 20 Tamb(©C) 40
200 T—— 7208528 20,2000
11 radiation from a 200 OC (473 ©K) black-body source :F:chopping frequency =800 Hz 11
S I I'T1]situated 20 cm from cell and observed through an amplifier bandwidth = 50 Hz|[ ] | N-| S
. qutio Taperture of diameter 3 mm (4.9 uW) room temperature = 21 °CH+
= sl L)
= Lol fo T |
—_— 150 P radi (3) 15/1500
u NG
c_;\Q(\o
100 10]1000
e
<€
L ] QLTI 1
i o EE
50 H 5]500
I = i
0 Lol
0 50 100 150 200 250
(75uA) (15pA) (225pA) (30pA) (37.5pA)
voltage across cell in series with 1ML load (V)
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100 7208531 10° 7208534
. < |2 ratio with 200°C black body
(3 ) \ Nratiol” source =150
o,
7 104 /
10
4
103 /
1 /
102 /
€ =relative signal-to-noise ratio
01 : 10
0 2 A(um) 4 0 200 400 600
black body temperature(°C)
103 7208533 7208535
i 1‘ - signal conversion factor
MUltiplyingHyith respect to 200°C [ /
factor 41(473°K) black bod i 80
A
I
102 (LA)
60
V.
A
10 ./ y,
40
/V
186 15009
9 (227°C v
20 total area (6.0 mmx 6.0 mm)
of cell exposed
applied voltage with no load
=100V
. l2a7r81(})) gzlour temperature =
u I
10 0 200 400 600 00 002 004 006

black body temperature (°C) incident illumination (lumen)
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1000 7208532
=
—
response
)
100
~
N
N
10
1
1 10 102 10° 10*
chopping frequency of radiation (Hz)
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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 thicker heatsinks’

Multiply by the factor B given below as a function of the heatsink size A.

7209250
B
1.4
Aium
imm unb\ackened AlumintBt,
1.3
. U
5 mm ! blackened A Jullusit
12
" mm’ blackened Aluminium
0 5 0 5 L 4 |

A(cm?) one side

-
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56200 “
|
i

COOLING FIN

MECHANICAL DATA Dimensions in mm

75

75

‘wl
15

TI08923

Fin material: brass, nickel plated

THERMAL RESISTANCE
From case to ambient with cooling fin only Rth c-a = 100 oC/wW
with heatsink see graph
R h 7209166
thc-af15mm Al;blackened
(°C/W) ;
100
50
0
0 20 Alcm?)40
one side
MOUNTING INSTRUCTIONS
i i M3 bolt
< > pr—— washer
cooling fin
AALARAUNUARALLURRRRRRRRY S5 ANARARNRRAANARANRANANNRN heatsink
Eamanad lock washer
7209208 ID nut

Torque on nut for good heat transfer: 5 cm kg
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56201

MOUNTING ACCESSORIES

MECHANICAL DATA Dimensions in mm
43
301 [ M3
2
] N 7210809 fe—— 12—
!
, ’ 2 cheese head screws, slotted
. . l \\ material: brass, nickel plated
al [ S b W 1
9} @ @_J b —| $38 |=—— —={ B3] |=—
e | i
‘ 4{.5 ﬁ 35
72089261
1.85max
g 75—
mica washer 2 insulating bushes
fe——12.5
3.2
7 0-5 m_di
7210670 4
0.5
7210671
3 plain washers soldering tag
material: brass, nickel plated
MJ% ‘
I Ee < 5.5 -
1.2 - 32 7210672
7210673 l@— 6—-
2 lock washers, internal teeth 2 hexagon nuts
material: steel, nickel plated material: brass, nickel plated
THERMAL RESISTANCE
From mounting base to heatsink with mica washer Rth mb-h = 1.0 °C/W
TEMPERATURES
Maximum allowable temperature Tmax = 150 ©°C
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56201a i
56201b |

|

56201a MICA WASHER AND 2 INSULATING BUSHES

MECHANICAL DATA Dimensions in mm

43
301

109
[
|
|
|
4.25
30

‘ —| 838 |=— —= §31 |~—
! 55
185m i i
g i = —
e ! ' 72009261
-——@75
THERMAL RESISTANCE
From mounting base to heatsink Rth mb-h = 1.0 oC/W
56201b LEAD WASHER
MECHANICAL DATA Dimensions in mm
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56201c
56201d

5620ic INSULATING BUSH

MECHANICAL DATA

Dimensions in mm
—= $38 [=— —= P31 |~—

! f

45 3;5
11 Bz

72009261
-—@7.5

MICA WASHER

Dimensions in mm

56201d

MECHANICAL DATA
43
30.

5l )
J 1.85max o
- S
THERMAL RESISTANCE
From mounting base to heatsink Rth mb-h = 1.0 OC/W

August 1969 ‘ I



56201e

MOUNTING ACCESSORIES

MECHANICAL DATA Dimensions in mm

43
301

\ —| $38 | v-jﬁll -—

f 3;5
1415 J ——*_

[
7208926,
L—ms —

109
|
|
‘ T
|
4.25
30

8
S
mica washer 2 insulating bushes
33091 MOUNTING INSTRUCTIONS
' nut o aD nut
r_‘l lock washer ween L lock washer

soldering tag e==—m=mmm
@__.Jr____ Wl g l]
— ——— @ mica washer

holes max4mm —
heatsink

25.8

10.9

lead washer

insulating bush

: a =}
1.185mex
ﬂ ﬂ; M3 bott
7206925 ¥ 7209207

lead washer Torque on nut for good heat

trangfore § om ko
transieyr: 5 Cim Kg

IE

THERMAL RESISTANCE

From mounting base to heatsink

with mica washer only Rth mb-h = 1.0 ©C/W
with mica washer and lead washer Rth mb-h = 0.75 ©C/W
TEMPERATURE
Maximum allowable temperature Tmax = 150 oC

6 August 1969



56201f
562019

MICA WASHER AND 2 INSULATING BUSHES
56201f

MECHANICAL DATA Dimensions in mm

43

304

—= $39) e— ! — $307 e—
L] 1 I }3
— :
L'—W.S‘»’ ? 7777777 T
56201g INSULATING BUSH
MECHANICAL DATA Dimensions in mm

gl Wyl

13
23

2 g Py
Tt

August 1969 H “ 7



I
56203 “ “
§ |

MICA WASHER AND 2 INSULATING BUSHES

MECHANICAL DATA Dimensions in mm

32
23

131

—={ $38 [~

ﬂ—l $31 ‘«—

J

.5

i
—

B ey
7208927 f

THERMAL RESISTANCE

From mounting base to heatsink Rth mb-h =

TEMPERATURE
Maximum allowable temperature Tmax
MOUNTING INSTRUCTIONS

nut o e@s) nut
lock washer il ww
soldering tag e

mica washer

holes max4mm
S ESSURSSSSSYUESSSSY  heatsink

lock washer

insulating bush

L L4
ﬂ ﬂ M3 bott

Torque on nut for good heat transfer: 5 cmkg

35
1.5 oc/w
= 150 oC

August 1969



56207

COOLING FIN

MECHANICAL DATA Dimensions in mm

75

75

15

8.4 [32]

o~ 0
e ~
15'5 7208028
20
Fin material: aluminium, blackened
THERMAL RESISTANCE
From case to ambient with cooling fin only Rth c-a = 60 oC/W
with heatsink see graph
R 7209167
thc-al15mm AL; blackened
(°C/W)
100
50
0
0 20 A(cm?)40
one side
MOUNTING INSTRUCTIONS

Torque on M3 bolts for good heat transfer: 5 cmkg

May 1968 ” 9



56208

e

COOLING FIN
MECHANICAL DATA Dimensions in mm
«
3
P ‘
L2 ]
24
0
o~
0
1200020
l_a_s,_l Fin material: brass, nickel plated
THERMAL RESISTANCE
From case to ambient with cooling fin only Rith c-a = 102 OC/W
with heatsink see graph
R 7209168
thc-af15mm Al;blackened Rp values apply to each transistor, provided the
(°C/W) T T :
100 B T ! two transistors have been mounted so that the
heat flow from each is equal.
J— 50
O L 1L I
0 20 Alcm2)40
one side
MOUNTING INSTRUCTIONS ﬂ:‘
M3 bolt
e washer
cooling fin
ANAANAARAARRANANRRNANNAY #55 \NANANANNANNNNNNNNANNANN heatsink
haaamad lock washer
7200208 aD nut

Torque on nut for good heat transfer: 5 cmkg

10 May 1968



56209

COOLING FIN

MECHANICAL DATA Dimensions in mm
55

Van\

7 1) -

) | ¢ °

PR
Q
TaGe0 Fin material: brass, nickel plated

THERMAL RESISTANCE
From case to ambient with cooling fin only Rthe-a = 75 ©OC/W

May 1968 H ll 11



56210

COOLING FIN

MECHANICAL DATA Dimensions in mm

55

&
ﬁ p
3’3 Tiomi
75 . . .
Fin material: brass, nickel plated
THERMAL RESISTANCE
From case to ambient with cooling fin only Rihc-a = 95 OC/W
with heatsink see graph
Rih 7209169
€=a115mm Al;blackened
(°C/W) ’
100
50
0
0 20 Alcm?)40
one side
MOUNTING INSTRUCTIONS M3 bott
washer
cooling fin
AANARARURALANAANARNRANAN S5 ANAARANRAARAANRANANNANNN heatsink
e lock washer
r20m209 D nut

Torque on nut for good heat transfer: 5 cmkg

I ' May 1968



56213

MOUNTING ACCESSORIES

MECHANICAL DATA

Dimensions in mm

18 9
5 0.5 9 6
“TY
7200038 26 %S TR
insulating ring cable lug
material: brass, nickel
plated
l 32 nEW.I ]
mica washer 13min
lock washer internal teeth hexagon nut
material: steel, nickel plated material: brass, nickel
plated
THERMAL RESISTANCE
From mounting base to heatsink Rth mb-h = 1 oCc/wW
TEMPERATURE
Maximum allowable temperature Tmax = 125 oC

MOUNTING INSTRUCTIONS

Y L‘;’l;?qo—azum

mica washer
heatsink
hole max.8mm
[e) F=—" insulating ring
[©) =7 cable lug
awn lock washer
1209200 D nut

Torque on nut for good heat transfer: 20 cm

Non insulated mounting; without items 1, 2 and 3. (3 if necessary)

| .



56218 I

MOUNTING ACCESSORIES

MECHANICAL DATA

Dimensions in mm

TR

top clamping washer
of insulating material

THERMAL RESISTANCE

TEMPERATURE

H >
b )
75
8 Ei E
» 205 s
200939 t— 10. 6
106 LT’
155 :

bottom clamping washer
material: brass, tin
plated

— From mounting base to heatsink non insulated mounting

insulated mounting

Maximum allowable temperature

MOUNTING INSTRUCTIONS

S e—

Q@ e

€]

D o nut

i

mylar washer

heutsmk

ho'le m|n75mm
max.7.7mm
ﬂ ﬂ M26 bolt’
7209211

top clamping washer

¥
1 005

27

7208938

mylar washer

Rth mp-n = 3 °C/W
Rthmb-h = 6 OC/W
Tmax = 100 ©°C

bottom clamping washer

Non insulated mounting; without items 2 and 3. (Note: item 1 must than be mounted

up-side down)

August 1969



56226

COOLING FIN

MECHANICAL DATA Dimensions in mm

28

33
17

3
12 Fin material: brass, nickel plated
THERMAL RESISTANCE
From case to ambient with cooling fin only Rthc-a = 100 oC/W
with heatsink see graph
R 7209170
(02‘/;;)0 15mm Al;blackened Ryp, values apply to each transistor, provided the
100 two transistors have been mounted so that the heat
i} flow from each is equal.
50 =
0
0 20 Alcm?)40
one side
MOUNTING INSTRUCTIONS T
M3 bolt
L] washer
cooling fin
AANARANARANANAANANNNANNN S ASNANNAANNANANANNNNRNA heatsink
Ll lock washer.
7209268 @ nut
Torque on nut for good heat transfer: 5 cmkg
May 1968 l “ 15




I
56227 ”
i

COOLING FIN

MECHANICAL DATA Dimensions in mm

33
17

1208901

6 Fin material: brass, nickel plated

THERMAL RESISTANCE

From case to ambient with cooling fin only Rih c-a = 100 OC/W
with heatsink see graph

R 7208171

thc-al15mm AL ; blackened

(°C/W) ; blackene:
100

50

0 20 A(em?)40
one side

MOUNTING INSTRUCTIONS

H l M3 bolt
€ g L] washer
cooling fin

AULAANANANUNNNRARAANNRNN S5 ANNNNNARANANNNNNANNNNNN heatsink

lock washer

PO,
1200212 axo nut

Torque on nut for good heat transfer: 5 cmkg

16 May 1968



56239
56245 56246

MICA WASHER AND 2 INSULATING BUSHES
56239

MECHANICAL DATA Dimensions in mm

32
23

938 = ~—‘¢307 ‘k &

/ .
€ EB___ Q:‘ AA EIR 3.’5 g ”Em _}5
5 o |

¢
|

T5+25um L

STonT ]

THERMAL RESISTANCE

From mounting base to heatsink Rth mb-h = 1.5 OC/W

TEMPERATURE

Maximum allowable temperature Tmax = 150 ©oC

DISTANCE DISCS

7

Insulating Insulating

material material
TEMPERATURE
Maximum allowable temperature ) Tmax = 100 ©C

August 1969 'l “ 17



56261

56263
2 INSULATING BUSHES
56261
MECHANICAL DATA Dimensions in mm
—=| 938 |=— ——]@3407’-7
! l
B )
56263 COOLING FIN
MECHANICAL DATA Dimensions in mm
125

Fin material: copper, tin plated

THERMAL RESISTANCE

From case to ambient Rth c-a = 100 oC/W

18 ll ll August 1969



56265

COOLING FIN

MECHANICAL DATA Dimensions in mm
25.

O o

82
_!__
9

(AN

2]

125 25 . . .
5 Fin material: aluminium, blackened
THERMAL RESISTANCE
From case to ambient with cooling fin only Rth c-a =80 OC/W
with heatsink see graph
R 7209172
(°tCh/cw-)g 1.5mm Al;blackened
100
50
0
0 20 Alcm?)40
one side
MOUNTING INSTRUCTIONS

a)

b) I:IT M3 bolt
==

washer

cooling fin

hole 7.5 to 7.7mm
Y heatsink

lock washer

nut

Torque on nut for good heat transfer: 5 cmkg

August 1969




56302
56303

)

56302

MECHANICAL DATA

01

— e

THERMAL RESISTANCE

From mounting base to heatsink

56303

MECHANICAL DATA

041,

MICA WASHER

72103647

TORQUE WASHER

115

7210348

MOUNTING INSTRUCTIONS

screw M3

Lomaa,  torque washer

c——=——= mica washer
heatsink
lockwasher

nut (hex)
121068

Torque on nut: min. 8 cmkg
max. 9 cmkg

Rth mb-h

Dimensions in mm

6 OC/W

Dimensions in mm

August 1969



INDEX

INDEX OF TYPENUMBERS

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

Type No. Section Type No. Section Type No. Section
AFY19 Tr BLY87 Tr 56201d A
BAWS6 Micr BLYS88 Tr 56201e A
BCW29 Micr BLY89 Tr 56201f A
BCW30 Micr BLY91 Tr 56201g A
BCWwW3l Micr BLY92 Tr 56203 A
BCW32 Micr BLY93 Tr 56207 A
BCW33 Micr BPX25 Ph 56208 A
BCY55 Dual BPX29 Ph 56209 A
BCY87 Dual BPY10 Ph 56210 A
BCY88 Dual BSV 52 Micr 56213 A
BCY89 Dual BSX 82 FET 56218 A
BFS17 Micr OAP12 Ph 56226 A
BFS18 Micr OCP70 Ph 56227 A
BFS19 Micr ORP10 Ph 56239 A
BFS20 Micr ORP13 Ph 56245 A
BFS22 Tr 2N3375 Tr 56246 A
BFS23 Tr 2N3553 Tr 56261 A
BEFS28 FET 2N3632 Tr 56263 A
BFW10 FET 2N3823 FET 56265 A
BFW11 FET 2N3866 Tr 56302 A
BEFW61 FET 2N3924 Tr 56303 A
BFX63 FET 2N3926 Tr
BFY44 Tr 2N3927 Tr
BFY70 Tr 2N4427 Tr
BLY14 Tr 61SV Ph
BLY17 Tr 56200 A
BLY37 Tr 56201 A
BLY38 Tr 56201a A
BLYS53 Tr 56201b A
BLY76 Tr 56201c A

Tr = Transmitting transistors Micr = Microminiature devices for thick-

FET = Field effect transistors and thin-film circuits

Dual = Dual transistors Ph = Photo devices

A = Accessories




General

Transmitting transistors

Field effect transistors

Dual transistors

Microminiature devices for
thick- and thin-film circuits

Photo devices

Accessories
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