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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES
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Sectionl. Type Nomenclature

This section explains the system of type nomenclature used for Mullard Semi-
conductor devices showing the significance of each type letter or number.
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This section gives the main symbols used in quoting ratings and characteristics
of Semiconductor Devices.
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SEMICONDUCTOR TYPE
DEVICES NOMENCLATURE

Section 1

Mullard semiconductor devices are registered by Pro Electron.
The type nomenclature of a discrete device or, in certain cases, of a range of
devices, consists of two letters followed by a serial number. The serial number
may consist of three figures or of one letter and two figures depending on the
main application of the device.
The first letter indicates the semiconductor material used:

A — germanium

B —silicon

C — compound materials such as gallium arsenide

D — compound materials such as indium antimonide

R — compound materials such as cadmium sulphide

The second letter indicates the general function of the device:
A — detection diode, high speed diode, mixer diode.
B — variable capacitance diode
C — transistor for a.f. applications (not power types)
D — power transistor for a.f. applications
E — tunnel diode
F — transistor for r.f. applications (not power types)
G — multiple of dissimilar devices; miscellaneous devices
L — power transistor for r.f. applications
N — photo-coupler

P — radiation sensitive device such as photodiode, phototransistor, photo-
conductive cell, or radiation detector diode

Q — radiation generating device such as light-emitting diode

R — controlling and switching device (e.g. thyristor) having a specified break-
down characteristic (not power types)

S — transistor for switching applications (not power types)

T — controlling and switching power device (e.g. thyristor) having a specified

breakdown characteristic

U — power transistor for switching applications

X — multiplier diode such as varactor or step recovery diode

Y — rectifier diode, booster diode, effictency diode

Z — voltage reference or voltage regulator diode, transient suppressor diode

The remainder of the type number is a serial number indicating a particular
design or development and is in one of the following two groups:

(a) Devices intended primarily for use in consumer applications (radio and
television receivers, audio amplifiers, tape recorders, domestic appliances,
etc.).

The serial number consists of three figures.

(b) Devices intended mainly for applications other than (a), e.g. industrial,
professional and transmitting equipments.

The serial number consists of one letter (Z, Y, X, W, etc.) followed
by two figures.

Mullard
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TYPE SEMICONDUCTOR
NOMENCLATURE DEVICES

Range Numbers

Where there is a range of variants of a basic type of rectifier diode, thyristor or
voltage regulator diode the type number as defined above is often used to identify
the range; further letters and figures are added after a hyphen to identify indi-
vidual types within the range. These additions are as follows:

Rectifier Diodes and Thyristors

The group of figures indicates the rated repetitive peak reverse voltage,
VrrM, or the rated repetitive peak off-state voltage, Vprm, whichever value
is lower, in volts for each type.

The final letter R is used to denote a reverse polarity version (stud-anode)
where applicable. The normal polarity version (stud cathode) has no special
final letter.

Voltage Regulator Diodes, Transient Suppression Diodes
The first letter indicates the nominal percentage tolerance in the operating

voltage Vz.
A— +1% D— +10%,
B — 129, E — +159%
C—+5%

The letter is omitted on transient suppressor diodes.

The group of figures indicates the typical operating voltage V7 for each type
at the nominal operating current |z rating of the range. For transient suppressor
diodes the figure indicates the maximum recommended standoff voltage Vr.

The letter V is used to denote a decimal sign.

The final letter R is used to denote a reverse polarity version (stud anode)
where applicable. The normal polarity version (stud cathode) has no special
final letter.

Examples:
BF362 Silicon r.f. transistor intended primarily for ‘consumer’ applica-
tions.
ACYI17 Germanium a.f. transistor primarily for ‘industrial’ applications.

BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range
with 800V maximum repetitive peak voltage, reverse polarity,
stud connected to anode.

BZY88-C5Vé Silicon voltage regulator diode for ‘industrial’ applications. In
BZY88 range with 5-6V operating voltage 59, tolerance.

RPY71 Photoconductive cell for ‘industrial’ applications.

OLD SYSTEM

Some earlier semiconductor diodes and transistors have type numbers consisting
of two or three letters followed by a group of one, two or three figures.

The first letter is always ‘O’, indicating a semiconductor device.

The second (and third) letter(s) indicate the general class of device:

A —diode or rectifier C — transistor
AP — photodiode CP — phototransistor
AZ — voltage regulator diode

The group of figures is a serial number indicating a particular design or develop-
ment.
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Section 1l
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES

These symbols are based on British Standard Specification No. 3363:
*“Letter Symbols for Semiconductor Devices.” A full description of the
system is contained in this publication.

QUANTITY SYMBOLS

\ Voltage
| Current
Power
i
v pwith subscripts
P

e
b
c
i E
v >with subscripts< B
[} (&
e
b
Lc

instantaneous value of the varying component.

}lnstantaneous total value.

|
V} with subscripts

P

| E
V > with subscripts< B
P C

the r.m.s. value of the varying component, or
with appropriate additional subscript the peak
(m) or average (d.c.) (av) value of the varying
component.

the no-signal (d.c.) value or, with the appropriate
addmonal subscripts the total average value (AV)
with signal or the total peak value (M).

"

c

o

.

L

3 T

< {

£ |

3 IC(AV) .

B e T
| .

L ; Time

r N e N N
No signal With signal

9613
Examples:
lg d.c. emitter current no signal.
le r.m.s. value of varying component of emitter current.
ie Instantaneous value of varying component of emitter current.
ig Instantaneous value of total emitter current.

lg(av) Average (d.c.) value of total emitter current with signal applied.
leav) Average (d.c.) value of the varying component of the emitter current.
lem Peak value of the varying component of the emitter current.

lem  Peak value of the total emitter current.

OCTOBER 1972
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GENERAL EXPLANATORY SEMICONDUCTOR

NOTES DEVICES

Subscripts for quantity sumbols

A,a  Anode terminal l,i Input

AV, av Average Jj Junction

B, b  Base terminal K, k  Cathode terminal

BO Breakover M, m Peak value

BR Breakdown O, 0 Open-circuit, output

C,c Collector terminal, conversion, o Average value of overload

capacitive R, r Resistive, reverse, repetitive
D.d Delay, Off-state (i.e. non trigger) 5»S  Short-circuit, series, shield,
drain terminal source A
E e Emitter terminal T, t On-state (i.e. triggered)
Ef Forward W, w  Working
! ) X, x  Specified circuit, reactive

G. g Gate terminal Z,z Reference or regulator

H, h  Holding (i.e. Zener), impedance
The letter O is used with three terminal devices as a third subscript only
to denote that the terminal not indicated in the subscript is open-circuited.
The letter S is also used with three terminal devices as a third subscript to
denote that the terminal not indicated in the subscript is shorted to the
reference terminal.

Sequence of subscripts

The first subscript denotes the terminal at which the current or terminal
voltage is measured.

The second subscript denotes the reference terminal or circuit mode that
the current or terminal voltage is measured.

Where the reference terminal or circuit is understood the second subscript
may be omitted where its use is not required to preserve the meaning of
the symbol.

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.
Examples Ve, Vcc. Vun., VEen

In devices having more than one terminal of the same type, the terminal
subscripts shall be modified by adding a number following the subscript
and on the same line.

Example B2

In multiple unit devices the terminal subscripts shall be modified by a
number preceding the terminal subscript.

Example 2B

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Where ambiguity might arise the complete terminal designations shall be
separated by hyphens or commas.

Example Vici-2c1

the voltage at the first collector of the first unit referred to the voltage
at the first collector of the second unit.

The first subscript in the matrix notation shall identify the element of the
four pole matrix.

i input
o output
f forward transfer
r reverse transfer
A second subscript may be used to identify the circuit configuration.
e common emitter
b common base
c common collector

Example Vie = hie. lie+ hre. Voe
When the common terminal is understood the second subscript may be
omitted.

Static value of parameters shall be indicated by the upper case (capital)
subscripts.
Example hig, his

The four pole matrix parameters of the device are represented by lower
case symbols with the appropriate subscripts

hiy
The four pole matrix parameters of external circuits and of circuits in which

the device forms only a small part are represented by upper case symbols
with the appropriate subscripts.

Hi ’ Zo

Symbols for the components of small-signal equivalent circuits used to
represent devices are qualified by lower case symbols.

b, Fe, Fop

ELECTRICAL PARAMETERS Associated
Device circuit

Resistance r R
Reactance X X
Impedance z Z
Admittance y Y
Conductance g G
Susceptance b B
Mutual inductance m M
Inductance | L
Capacitance c C
Distortion D

Frequency limits f max.

f min

Bandwidth Af

Bandwidth (for associated circuits)
Noise factor

Z®

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR

NOTES

DEVICES

List of Symbols for Semiconductor Devices

Ca
Cs

8

8p
Gp

his
hig
hic

hip (h11)
hie (h11) }

ic

hrgn
hre
hre

hrp (h12)
hre (h12)

hFB
hre
hrc

hry (hai)
hte (h2i)
hte

hon
hok
hoc

:ob 8‘122; }
oe 22

oc

i
J

hFE(sat)

hrEL

diode capacitance (reverse bias)

diode capacitance (forward bias)

transistor input capacitance (grounded base)
transistor input capacitance (grounded emitter)
junction capacitance (of the intrinsic diode)
diode capacitance (at breakdown voltage)

diode capacitance (zero bias)

transistor output capacitance (grounded base)
transistor output capacitance (grounded emitter)
parasitic (parallel) capacitance

stray capacitance

capacitance of the emitter depletion layer
capacitance of the collector depletion*layer
varactor diode cut-off frequency

transistor cut-off frequency (the frequency at which the

parameter indicated by the subscript is 0.7 times its low
frequency value)

frequency of unity current transfer ratio modulus
maximum frequency of oscillations
tunnel diode resistive cut-off frequency

transition frequency (common emitter gain-bandwidth
product)

tunnel diode negative conductance (of the intrinsic diode)
small signal power gain
large signal power gain

the static value of the input resistance with the output voltage
held constant

The small-signal value of the input impedance with the output
short-circuited to alternating current

The static value of the reverse voltage transfer ratio with the
input current held constant

The small-signal value of the reverse voltage transfer ratio
with the output voltage held constant

The static value of the forward current transfer ratio with the
output voltage held constant

The small-signal forward current transfer ratio with the
output short-circuited to alternating current

The static value of the output conductance with the input
current held constant

The small-signal value of the output admittance with the
input open-circuited to alternating current

transient forward current transfer ratio in saturation
lc-lcpo

inherent forward current transfer ratio = ———
Is+IcBo

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY

DEVICES

Ip, lc, Ig

NOTES

total d.c. current

In(av) lccav) lg(avy average (d.c.) value of total current

Ipnx
Ipex ,» IcEx

Ipm, lem s lem
hy le le

|Um ’ |x'm ' (om
ip, ic, IE
ib, ic» le
IHN))

leno

lC“S ) |CF‘S
lenx

IcEo
IcEr

Ip

leno
lenx

lp

iy
lp(av)
Ir
lpam
Ira
Irovy s lrom
lErRm
Irsm
lop
lgr

Lt

.

lo
lorm
Ip
I/lv

base current (with both junctions reverse biased)

base (respectively collector) cut off current in a specified
circuit

peak value of total current

r.m.s. value of varying component of current

peak value of varying component of current
instantaneous total value of current

instantaneous value of varying component of current
thyristor breakover current (d.c.)

collector cut-off current (emitter open-circuited)
collector cut-off current (emitter short-circuited to base)

collector current with both junctions reverse biased with
respect to base

collector cut-off current (base open-circuit)

collector cut-off current (with specified resistance between
base and emitter)

thyristor continuous (d.c.) off-state current, field effect
transistor drain current

emitter cut-off current (collector open-circuit)

emitter current with both junctions reverse biased with
respect to base

D.C. forward current

instantaneous forward current

average forward current

thyristor forward gate current

thyristor peak forward gate current

peak forward current

overload mean forward current

repetitive peak forward current

surge (non-repetitive) forward current
thyristor gate non-trigger current
thyristor gate trigger current

thyristor gate turn-off current

thyristor holding current (d.c.)

thyristor latching current

average output current

repetitive peak output current

tunnel diode peak point current

tunnel diode peak to valley point current ratio
continuous (d.c.) reverse leakage current
instantaneous reverse leakage current
thyristor reverse gate current

repetitive peak reverse current
non-repetitive peak reverse current
source current

thyristor continuous (d.c.) on-state current
thyristor overload mean on-state current
thyristor average on-state current
thyristor repetitive peak on-state current
thyristor non-repetitive peak on-state current

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR

NOTES DEVICES
ly tunnel diode valley point current
Iz voltage regulator (zener) diode continuous (d.c.) operating
current
Iz(avy voltage regulator (zener) diode average operating current
lzm voltage regulator (zener) diode peak current
Le conversion loss
Ls series inductance
Ny flicker noise
Nir noise figure at intermediate frequency
No overall noise figure
N noise temperature ratio
Pc thyristor average gate power
Pom thyristor peak gate power
Peot total power dissipated within the device
Qs recovered (stored) charge
ob’ extrinsic base resistance
Rs source resistance
rs series resistance
Rin thermal resistance
rz voltage regulator (zener) diode differential resistance
Sts tangential signal sensitivity
Sz voltage regulator (zener) diode temperature coefficient of the
operating voltage
Tamb ambient temperature
Tease case temperature
T; junction temperature
Ty mounting base temperature
Tstg storage temperature
tq delay time
ty fall time
toir forward recovery time
et thyristor gate controlled turn-on time
tgq thyristor gate controlled turn-off time
t, pulse duration
tq thyristor circuit-commutated turn-off time
ton turn-on time
tore turn-off time
tr rise time
ter reverse recovery time
ts storage time
On thermal resistance of heat sink
01 contact thermal resistance
6i-amb thermal resistance junction to ambient
0-case thermal resistance junction to case
Bi-mv thermal resistance junction to mounting base
Tc collector time coefficient of a switching transistor
Ts carrier storage time coefficient of a switching transistor
TF fall time factor
133 rise time factor

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY

DEVICES

VBE(sat)
Vino)
VBr)
V(Br)CBO
V(BR)CBS

V(BR)CEO
V(BR)CER

V(BR)CES
V(BRr)cEX

V(BR)ERO
V(BR)R
Vcr
Vero
Vepn
Vee

vCE(knee)
VCE(saL)
vCE(susl)
Vp

Vpe
VoM
VprM
Vps
Vpsm
Vowm
VER
VEBoO
Ven
VEBn
VEcn
Vr

VF

Vrg
VreM
Vir

Ven
Vep
Vas
Ver

Vi
VirM
Vism

Viwm
Vo

NOTES

base-emitter saturation voltage

thyristor breakover voltage

breakdown voltage

breakdown voltage collector to base (emitter open-circuited)
breakdown voltage collector to base (emitter and base short-
circuited)

breakdown voltage collector to emitter (base open circuited)
breakdown voltage collector to emitter (with specified
resistance between base and emitter)

breakdown voltage collector to emitter (emitter and base-
short-circuited)

breakdown voltage collector to emitter (with specified
circuit between base and emitter)

breakdown voltage emitter to base (collector open-circuited)
reverse breakdown voltage

collector-base voltage (d.c.)

collector-base voltage (with emitter open-circuited)
collector-base floating potential

collector supply voltage (d.c.)

collector to emitter voltage (d.c.)

collector to emitter voltage (with base open-circuited)
collector to emitter r.m.s. voltage

collector knee voltage,

collector to emitter saturation voltage

collector to emitter sustaining voltage

thyristor continuous (d.c.) off-state voltage

drain to gate voltage

thyristor peak off-state voltage

thyristor repetitive peak off-state voltage

drain to source voltage

thyristor non-repetitive off-state voltage

thyristor crest (peak) working off-state voltage

emitter-base voltage (d.c.)

emitter-base voltage (with collector open circuited)
emitter-base r.m.s. voltage

emitter-base floating potential

emitter-collector floating potential

D.C. forward voltage

instantaneous total value of the forward voltage

thyristor forward gate voltage

thyristor peak forward gate voltage

signal diode forward recovery voltage

gate to substrate voltage

thyristor gate non-trigger voltage

gate to source voltage

thyristor gate trigger voltage

input voltage

repetitive peak input voltage

non-repetitive peak input voltage

crest working input voltage

output voltage

Mullard
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GENERAL EXPLANATORY

NOTES

y-parameters

Common
base
Yin (Y11)
&b (g11)
cip (c11)

biv
You (y22)
gob (g22)
Cobs (c22)
rbob

[yto[(ly21])
44

Ctb

o1 ($21)
[Yro| (y12)
8rb

Crb
orb (d12)

SEMICONDUCTOR
DEVICES

peak point voltage

projected peak point voltage

D.C. reverse voltage

instantaneous total value of the reverse voltage
thyristor reverse gate voltage

thyristor peak reverse gate voltage

peak reverse voltage

repetitive peak reverse voltage

non-repetitive peak reverse voltage

crest (peak) working reverse voltage

thyristor continuous (d.c.) on-state voltage
thyristor threshold voltage

valley point voltage

voltage regulator (zener) diode operating voltage
intermediate frequency impedance

video impedance

Common

emitter

Yie (Y 11) Input admittance

gie (g8'11) Input conductance . Output

Cie (€'11) Input capacitance short-circuited
ie Phase angle of input admittance

Yoe (y'22) Output admittance

goe (8'22) Output concuctance Input

Coes (C'22) Output capacitance

oe

short circuited

lytel(|y’21]) Transfer admittance

gte Transfer conductance Output

Cre Transfer capacitance short-circuited
Ote (0'21) Phase angle of transfer admittance

|yre| (y'12)  Feedback admittance

gre Feedback conductance Input

Cre Feedback capacitance short circuited
Ore (¢12) Phase angle of feedback admittance

}
J
}
Phase angle of output admittance
}
J
}
J

Scattering parameters
In distinction to the conventional h, y and z parameters, s-parameters relate to
travelling wave conditions. The figure below shows a two-port network with
the incident and reflected travelling wave quantities a,, by, a, and by, which
are square roots of power.

Zg

V%

Zo

a) —& *—a

by @— s —b 4, 2

05527
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

2
a,2 = the power incident at the input (: Via )

2 P Vi2?
a,2 = the power incident at the output (: 2 )
Q

b,2 = the power reflected from (or generated at) the input (: Z” )

Vr
b,2 = the power reflected from (or generated at) the output (: 22 )
0

Z, = the characteristic impedance of the transmission line in which
the two-port is connected

V; = incident voltage

= reflected (generated) voltage

r

The four-pole equations for s-parameters are:
b, = 81,31 +8y28-
b, = syja1+8228>

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

s b,
s.: = -

i 1M a, 32:0

b,

St = S21 = —
a,la; =0

b,

Sy = Spp = —
° aja; =0

s b,

S, = Sy = —
r a,ja; =0

a, can be made zero by terminating the input side with Z, = Z_ (no input power
and no reflection from the source).

a, can be made zero by terminating the output side with Z, = Z, (no reflection
from the ‘load).

b Vi . . . . - .
Because a1 =v ' it can be seen that s; is the input reflection coefficient; in the
1 i1
same way s, is the output reflection coefficient.

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR
NOTES DEVICES

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

s; = sy, = Inputreflection coefficient (for the given characteristic impedance)
— Ratio between the square root of the power reflected from the
input and the square root of the power incident at the input, output
terminated with the characteristic impedance.

s; = Sy = Forward transmission coefficient (for the given characteristic
impedance) — Ratio between the square root of the power
generated at the output and the square root of the power incident
at the input, output terminated with the characteristic impedance. .

s, = S22 = Output reflection coefficient (for the given characteristic imped-
ance) — Ratio between the square root of the power reflected from
the output and the square root of the power incident at the output,
input terminated with the characteristic impedance.

s, = S, = Reverse transmission coefficient (for the given characteristic

impedance) — Ratio between the square root of the power
generated at the input and the square root of the power incident
at the output, input terminated with the characteristic impedance.

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

1.1

1.2

Section Ill. Explanation of Handbook Data

FORM OF ISSUE

The semiconductor data published in the Handbook follows the same
pattern, as much as possible, concerning, (a) the forms of issue, (b) the
ratings system and (c) the ratings preseatation.

Types of Data
The Handbook data is published either as tentative or final data.

Tentative Data

Tentative data aims at providing information on new devices as early as
possible to allow the customer to proceed with circuit design. The tentative
data may not include all the characteristics or ratings which will be
incorporated later in the final data and some of the numerical values
quoted may be slightly adjusted later on.

Final Data

The transfer from tentative data to final data involves the addition of those
numerical values and curves which were not available at tentative data
stage and small adjustments to those values already quoted in tentative data.
Reissue of final data may be made from time to time to incorporate
additional information resulting from prolonged production experience
or to meet new applications.

Presentation of Data
Ihe information on the published data sheets is presented in the following
orm:
—description of basic application and physical characteristics of the
device.
—quick reference data giving the most important ratings and
characteristics.
—outline and dimensions. Reference to standard outline nomenclature
if applicable and lead connections.
—Ratings. Voltage, current, power and thermal ratings.
—Characteristics.
—Application information or operating conditions.
—Mechanical and environmental data if applicable.
—Charts showing ratings and characteristics.

RATINGS

A rating is a limiting condition of usage specified for a device by the
manufacturer, beyond which the serviceability may be impaired.

A rating system is a set of principles upon which ratings are established
and which determines their interpretation. There are three systems which
have been internationally accepted and which allocate responsibility
between the device manufacturer and the circuit designer differently.

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR
NOTES DEVICES

2.1

Rating Systems

Unless otherwise stated the ratings given in semiconductor data sheets
follow the absolute maximum rating system.

The definitions of the three systems accepted by the International Electro-
technical Commission are as follows:

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environ-
mental conditions applicable to any device of a specified type as defined
by the published data, and should not be exceeded under the worst
probable conditions.

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

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

DESIGN-CENTRE RATING SYSTEM

Design-centre ratings are limiting values of operating and environmental
conditions applicable to a bogey 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 cf the device in average applications, taking responsibility
for normal changes in operating conditions due to variations in supply
voltage, environment, equipment components, equipment control adjust-
ment, load, signal or characteristics of all other devices in the equipment.
The equipment manufacturer should design so that initially no design-
centre value for the intended service is exceeded with a bogey device in
equipment operating at the stated normal supply voltage.

DESIGN-MAXIMUM RATING SYSTEM

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

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

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

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Transistor ratings

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

Transistor voltage ratings
Collector to base voltage ratings

Vcep max The maximum permissible instantaneous voltage
between collector and base terminals. The collector
voltage is negative with respect to base in PNP
transistors and positive w.r.t. base in NPN types.

Ve max (I = 0) The maximum permissible instantaneous voltage
between collector and base terminals, when the
emitter terminal is open circuited.

Emitter to base voltage ratings

VEn max The maximum permissible instantaneous reverse
voltage between emitter and base terminal. The
emitter voltage is negative w.r.t. base for PNP
transistor and positive w.r.t. base for NPN types.

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

Collector to emitter voltage ratings

VcE max The maximum permissible instantaneous voltage
between collector and emitter terminals. The
collector voltage is negative w.r.t. emitter in PNP
transistors and positive w.r.t. emitter in NPN types.
This rating is very dependent on circuit conditions
and collector current and it is necessary to refer
to the curve of Vcg Yersus I¢ for the appropriate
circuit condition in order to obtain the correct
rating

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

NOTE: The term *“cut-off” is sometimes replaced by Vug > x volts, or
Ri
RE
be cut-off.

, <y which are equivalent conditions under which the device may
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Vcg max (Ic = x mA) The maximum permissible instantaneous voltage
between collector and emitter terminals when the
collector current is at a high value, often the max.
rated value.

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

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

This curve is divided into two areas:

A permissible area of operation under all conditions of base drive provided
the dissipation rating is not exceeded (area 1) and an area where operation
is allowable under certain specified conditions (area 2).

To assist in determining the rating in this second area, further curves are
provided relating the voltage rating to external circuit conditions, for
example:

5_1}
Re

, R, Zpg, Ve, IB Of‘y—’£
R

An example of this type of curve is given in Fig. 2 as Vcg versus :—B for
E

two different values of collector current.

IC VCE
i |
|
|
|
Areal \
\
Area 2 \
\
\
VCE RB/RE
Fig1 Fig.2

It should be noted that when Rg is shunted by a capacitor, the collector
voltage Vcg during switching must be restricted to a value which does
not rely on the effect of Rg .
In the case of an inductive load and when an energy rating is given, it may
be permissible to operate outside the rated area provided the specified
energy rating is not exceeded.

Mullard
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NOTES

Transistor Current Ratings

Collector current ratings

Ic max

|C(AV) max

lem

The maximum permissible collector current.
Without further qualification, the dc value is
implied.

The maximum permissible average value of the total
collector current.

The maximum permissible instantaneous value of
the total collector current.

Emitter current ratings

Ig max
‘E(AV) max

IER(av) Max

Iem

IERM

Base current ratings
ln max

Inavy max

Inr(av) max

IHM

Inim

The maximum permissible emitter current. Without
further qualification, the dc value is implied.

The maximum permissible average value of the total
emitter current.

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

The maximum permissible instantaneous value of
the total emitter current.

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

The maximum permissible base current (without
further qualification, the dc value is implied).

The maximum permissible average value of the total
base current.

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

The maximum permissible instantaneous value of the
total base current. The rating also includes the
switch off current.
The maximum permissible instantaneous value of
the total reverse current allowable in the reverse
breakdown region.

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

Piot = Vee X lc+Vuexh
In order to distinguish between ‘‘steady state” and ‘“‘pulse” conditions
the terms ‘‘steady state power (Ps)’’ and ‘‘pulse power (Pp)” are often used.
The permissible total power dissipation is dependent upon temperature
and its relationship is shown by means of a chart as shown in figure 3.

Ptot

Temperature
Fig.3

The temperature may be ambient, case or mounting base temperatures.
Where a cooling clip or a heatsink is attached to the device, the allowable
power dissipation is also dependent on the efficiency of the heatsink.
The efficiency of this clip or heatsink is measured in terms of its thermal
resistance (0,) normally expressed in degrees centigrade per watt
(deg. C/W). For mounting base rated device, the added effect of the
contact resistance (0;) must be taken into account.

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

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

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

Tj—Tamb

Oj-amb

where 6;_amp is the thermal resistance from the transistor junction to the
ambient. For case rated or mounting base rated devices, the thermal
resistance 6j_amp is made up of the thermal resistance junction to case
or mounting base (8_mp), the contact thermal resistance (6;) and the
heatsink thermal resistance (0y).

Pior =
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For the calculation of pulse power operation P,, the maximum pulse
power is obtained by the aid of a chart as shown in figure 4.

i vy

d(duty cycle) -%

34

Pulse width

Fig.4

the general expression from which the maximum pulse power dissipation
can be calculated is:
Tj—Tﬂ,ml)‘Ps X Oj<amb

6l+d(00ase—amb)
where 6, and d are given in the above chart and Ocase-amp is the thermal
resistance between case and ambient for case rated device. For mounting
base rated device, it is equal to On+ 0; and is zero for free air rated device
because the effect of the temperature rise of the case over the ambient
for a pulse train is already included in 0, .

Py =

Temperature Ratings

T; max The maximum permissible junction temperature
which is used as the basis for the calculation of
power ratings. Unless otherwise stated, the con-
tinuous value is implied.

T; max (continuous  The maximum permissible continuous value.

operation)

T; max (intermittent The maximum permissible instantaneous junction

operation) temperature usually allowed for a total duration of
200 hours.
Tmo The temperature of the surface making contact with

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

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

TC&SC
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Section IV. Mounting and Soldering Recommendations

1. MOUNTING OF “LOCKFIT TRANSISTORS

1.1 Mounting on printed-wiring boards

The “Lockfit” encapsulation is usable with printed-wiring boards having
either the standard e-grid or the more closely spaced €-grid. The relevant
dimensions of these boards are given in Table 1.

TABLE 1
Dimensions of Printed-wiring Boards
Hole Maximum
Board Grid diameter board
thickness
e-board 2:54mm 1-05+0-05mm 1-7mm .
(0-1in) (up to 1-30mm allowable)
e-board 0-635mm 0-80+0-:03mm 1-1Tmm
(0-025in)

The pins of “Lockfit” transistors each have three enlargements along
their length, ‘as shown in Fig. 1. At the tip is a spade-shaped (lock ‘B’);
partway up is a tapered cross-piece (lock ‘A’) that projects further left
and right than lock ‘B’; and nearest to the body of the assembly is
another cross-piece (lock ‘'C’) that extends even further left and right

than lock ‘A’.

Hole spacing in either type of grid allows the insertion of the “Lockfit”
pins; but as the holes of the closely spaced e-grid are necessarily of
smaller diameter than those of the other grid, the pins cannot be (or
should not be) pushed in beyond the middle expansion — lock ‘A’. Thus
the functions of the three locks are as indicated in Fig. 1a for e-grid
boards and Fig. 1b for e-grid boards.

7

/

/
‘e’grid
board

(a)

—  —Llock C

T Lock A

Lock B

‘i'g/rid
board

(b)

— — lock C

rrr——LoCk A

T——Llock B

05536

Fig. 1 — Detail of “Lockfit” pins, and function of three “locks” when used with
(a) e-grid and (b) e-grid printed-wiring boards

MAY 1973
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1.1.1 Mounting procedure with e-grid boards

The best insertion procedure with the e-(2-54mm) grid is as follows:
(1) Place the rear two pins into their corresponding printed-circuit board
holes with the transistor at a slight angle to the vertical (Fig. 2a).

(2) Place the centre pin into the remaining hole by light pressure at a
slight angle to the vertical on the device. Continue this light pressure
until both the ‘A’ locks of the rear two leads are inside the holes (Fig. 2b).
(3) Tiltthe device with light pressure from the rear until it is in a vertical
position. Lock ‘A" of the centre lead will now enter the hole (Fig. 2c).
(4) Move the device perpendicularly downwards with light pressure until
all three ‘A’ locks snap into position beneath the printed-wiring board,
and the ‘C' locks rest on the upper side of the board (Fig. 2d.)

Rear Rear

Lock A
(a) (b)
Rear Rear l J y
Lock A Lock C — Lock C
- JEE - N
Lock A Lock A
4 7!

Lock B /’* B —Lock B

(c) (d)

Fig. 2 - Mounting procedure for ‘' Lockfit" transistors using e-grid printed-wiring
boards ; procedure is similar for e-grid boards

Mullard -
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1.1.2 Mounting prodedure with ¢-grid boards

1.2

The best insertion procedure with the £-(0-635mm) grid is as follows:
(1) Place the rear two pins into their corresponding printed-circuit board
holes with the transistor at a slight angle to the vertical.

(2) Place the centre pin into the remaining hole by light pressure at a
slight angle to the vertical on the device. Continue this light pressure
until both the ‘B’ locks of the rear two leads are inside the holes.

(3) Tilt the device with light pressure from the rear until it is in a vertical
position. Lock ‘B' of the centre lead will now enter the hole.

(4) Move the device perpendicularly downwards with light pressure until
all three ‘B' locks snap into position beneath the printed-wiring board,
and the ‘A’ locks rest on the upper side of the board.

No attempt should be made to force lock ‘A’ through this type of board.

Soldering

For both boards, the temperature should not exceed 300°C and the
application time should not exceed 3 seconds.

Mullard
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1.

INTRODUCTION TO TECHNICAL DATA

LEAD DESIGNATIONS
Source S, s. Drain D, d. Gate G, g. Substrate B, b.

. SEQUENCE OF SUBSCRIPTS

The first subscript denotes the terminal at which the current or voltage is
measured.

Where the reference terminal or circuit is understood, the second subscript
may be omitted where its use is not required to preserve the meaning of
the symbol.

The letter O is used with three terminal devices as a third subscript only to
denote that the terminal not indicated in the subscript is open circuited.
The letter S is used as a third subscript to denote that the terminal not
indicated in the subscript is short circuited to the reference terminal.
The letter X is used as a third subscript to denote measurements taken
under specified circuit conditions.

2.1 Quantity Symbols

V — Voltage
I — Current
P — Power

with subscripts instantaneous value of varying component

with subscripts instantaneous total value

the r.m.s. value of the varying component or
with appropriate subscript the peak (m) average
(d.c.) (av) value of the varying component

the no-signal (d.c.) value of or with the
appropriate  additional subscripts the total
average value (AV) with signal or the total peak
value (M)

with subscripts

with subscripts

VT<T U< TOD < TU <~
Onoe v annpe v a

The letter symbol usually indicates by two subscripts the twao reference
terminals. The first subscript indicates the terminal which is positive with
respect to the second subscript.
eg.

Vps = 6V: Drain is 6V positive w.r.t. Source

Vps = —6V: Drain is 6V negative w.r.t. Source

AUGUST 1969
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Reversal of the subscripts also changes the polarity sign
For example the following statements are identical

Vps = —6V; Vsp = 6V; —Vps = 6V

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.

Examples Vpp, Vss, Vssp
2.3 Current

Conventionally, current which flows into the transistor terminals has a
positive value.

e.g. Ip = 1TmA means 1mA flowing into the drain terminal
(in the conventional sense)
ls = —1mA means TmA flowing out of the source terminal
i (in the conventional sense) ~ -
D{ L 40g
S
=
/r\ L 5
° \
-
¥ \
T
g J
y ~
> —
I ~
I g g
L x y:
| ]
| —
' P X
No t
signal With signal > D113
Examples
Iy d.c. drain current—no signal
Ip(av) Average (d.c.) value of total drain current with signal applied
oy Peak value of total drain current

Incras) Root-mean-square value of total drain current

in Instantaneous value of total drain current

lam Peak value of the varying component of the drain current
lagms) RoOOt-mean-square value of varying component of drain current
ia Instantaneous value of varying component of the drain current

The following are examples of the implied relationship

Ipm = vy laws in = Iooavy=ias Toirasy == Viniav) >+ lapms,
To avoid any misunderstanding with maximum or minimum values the
negative sign is always put in front of the letter symbol and not in front
of the value given.

Mullard
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3.

For example in quoting a limit value
—Is max = 50mA

and in quoting a spread value

“V]I(st < 15\/
In devices having more than one terminal of the same type the terminal
subscripts shall be modified by adding one number following the subscript
and on the same line.

Examples:

Vgis, Vees, refers to a dual gate MOS device

[Vais1 —Vaese| refers to a matched pair of junction FET's
where the gate-source voltage of the first device is referred to the gate-
source voltage of the second device, as a modulus of their difference
over a given temperature range.

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

— input

— output

— forward transfer

— reverse transfer.

used to identify the circuit configuration.
— common drain

— common source

— common gate

A second subscript may b

Qoo™ "0~

Examples

Cls Cos crs
Input, output and reverse feedback capacitances in common source
configuration.

TYPES OF FIELD EFFECT TRANSISTORS

3.1 Junction gate Field effect transistors

N-channel-junction FET
(Vp((;s) < 0, IDSS > 0)

—Ipss

0D

-Ves I

-Vp(Gs)

Mullard
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P-channel-junction FET
(Vepes) =0, Ipss <0)

-1p

-Ipss —

-0D

vVes
3.2 Insulated gateM.O.S. field effect transistors
N-channel-M.0.S.-FET(depletion mode) VPGS
(Vrwes) < 0, Ings > 0)
) 1o
—O D
<}—o-8
G 0 s
Ves
N-channel-M.0.S.-FET (enhancement mode)
(Veics) = 0 Ipss ~ 0)
Ip
—O D
l—<—’——o B
G —O0s
Ves

Mullard
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P-channel-M.0.S.FET (enhancement mode)

(Veies) < 0. Inss =~ 0)

404

——O0 D
I’é—’——o 8
G —O0 S
VGs
4. BASIC CIRCUITS CONFIGURATIONS
S D
D G S
-O —O
Output Input Output
Go | \
S Input D|Output
Input
o— O  O— O O—e——0
}
Grounded-source Grounded-drain Grounded-gate
The source is The drain is The gate is
common to input common to input common to input
and output and output and output

An additional subscript s, d or g may be used to identify the circuit
configuration

Example Cis is input capacitance with grounded source

5. CHARACTERISTICS

The characteristics are given in data sheets as either typical values
and/or minimum and maximum values. Published curves are usually
typical curves and are applicable only at the stated temperature.

Mullard
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I5(mA)
Ves=0
Vpss
Note: this i1s the
Ip breakdown voltage
SS  of the device and
—2v operation in this
region is not
Knee voltage recommended.
VDS (sat)
-4V
- T T T T v -
—Vgs(V) | 5 0 5 10 15 Vps(V)
-p 89809
Ip=1pA

5.1 Cut-off Voltage (Vyas))

The cut-off voltage Vps) is the o/
gate-source voltage for a given v VP (GS) Vos
small value of drain current I, at a tor

stated drain source voltage Vps Ip=1pA

TEST CIRCUIT FOR Vp(cs) B 9810

+\.|||

5.2 Drain-source short circuit Ipss
current (Ipss)

The drain-source short circuit >+
current l(pss) is the current flowing ) &g
between drain and source with the Vpbs 7
gate short-circuited to the source
(Vgs = O) and at a stated drain-
source voltage (Vps)

TEST CIRCUIT FOR Ipss

1

Bosn

Mullard
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5.3 Leakage currents

Iess LH—

GENERAL EXPLANATORY

NOTES

-—Ipss
N4
- Vpg =
+—.rL— Ves OST-
B9812 B9813
Gate-source leakage/current Drain-source leakage current
lass Ipss
(enhancement mode device)
~ -—Ipsy -——Ispy
- | + ol V V. _=.+
Vos VDS—"F_ +-]r GS SD¥_
+T
] 89814 B96'5S
Drain-source leakage current Source-drain leakage current
Ipsv, at specified Vps and Vs lspv with specified Vsp and Vgs
and grounded source with grounded drain
- ~—Ipes
(B
+
VDB‘-J-‘_ +
Veg_
B9816 89817
Drain-substrate leakage current Source-substrate leakage current

IpRs

lsns

6. SMALL SIGNAL-Y PARAMETERS

Four-pole equivalent circuit

<— Y12 Vout
-——V¥21 Vi

Mullard
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_ __in _ input admittance with output short
Yu =y =y, Vour = 0 circuited

reverse transfer admittance with input
short circuited

forward transfer admittance with output
short circuited

Output admittance with input short
circuited

- _ _iin _
Yiz = Yr =y = Vin =0

Y21 =Yt = ‘\;)r: Vour = 0

V22=Yo='v°::‘ Vin =0

A second subscript on the y-parameter indicates the circuit configuration
e.g. yis = input admittance in common source configuration
where yis is the complex form
yis = gis+jbis  and  bis = ocis

For example
Cis = input capacitance in common source
and
Crs = feedback capacitance in common source

The forward transfer admittance in common source configuration at low
frequency (e.g. below about 1MHz) is indicated in the following forms

gm = ga1s = grs = |Yrs|

at high frequency this parameter is a complex quantity and the modulus
|yss| is usually givenin the data with a specified frequency of measurement.

ABSOLUTE MAXIMUM RATING SYSTEM

7. Absolute maximum ratings are limiting values of operating and environ-
mental conditions applicable to any device of a specified type as defined
by the published data, and should not be exceeded under the worst
probable conditions.

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

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

Mullard
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7.1 Ratings (maximum permissible values)
Vps max — Drain-source voltage
Vpr max — Drain-substrate voltage
Vs max — Source-substrate voltage
Vep max — Gate-drain voltage
Vis max — Gate-source voltage
Vis max — Gate-substrate voltage
In max — Drain current
Is max — Source current
*lc max — Gate Current
*applies only to junction F.E.T.'s if a forward-voltage is applied to the gate.
7.2 Power Dissipation
where T; max = maximum permitted junction temperature
Tamn max = maximum permitted ambient temperature
Tease Max = maximum permitted case temperature
Rung-amuy = Thermal resistance junction to ambient
Rtn(case-amv) = Thermal resistance case to ambient.
The limiting value of the maximum permitted device dissipation Py, max
is stated for either T; max —Tamp Max
amb = — o
thl]-amb)
and P Max = Ty max —Tease max
R!hll'aseramh)
SOLDERING AND WIRING RECOMMENDATIONS

8.1 When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should, if possible, be
kept to a minimum by the use of a thermal shunt.

8.2 Transistors may be dip-soldered at a solder temperature of 245°C for a
maximum soldering time of five seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1-:5mm above a board
having plated-through holes.

8.3 Care should be taken not“to bend the leads nearer than 1-5mm from
the seal.

8.4 If devices are stored at temperatures above 100°C before incorporation

into equipment, some deterioration of the external surface is likely to
occur which may make soldering into the circuit difficult. Under these
circumstances, the leads should be retinned using a suitable activated flux.

OPERATING NOTE (M.O.S. insulated gate F.E.T.’s)

Mounting and handling instructions

To exclude the possibility of damage to the gate oxide layer by an
electrostatic charge building up on the high resistance gate electrode,
the device is fitted with a conductive rubber ring around the leads. This
ring should not be removed until after the device has been mounted
in the circuit.

Mullard
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SECTION VI

Safe Operating ARea for power transistors

INTRODUCTION

One of the main restrictions in the operation of power transistors is the phenomenon
known. as ‘second breakdown’. This is the name given to a transistor condition
whereby the collector-emitter voltage abruptly switches from a high to a low
voltage with increased current.

A diagram illustrating the output characteristics of a power transistor is shown
in Fig. 1. It is not representative of any particular device but merely serves to
demonstrate the I¢ against V¢i characteristics of a transistor asit goes into second
breakdown. On the horizontal axis the forward and reverse-biased base regions
are clearly grouped, with the base open-circuit condition dividing the two regions.

The transistor will enter second breakdown at a certain critical current value

82 'f \
\ \
\
NN
v\ N
Ik \ \ Locus of second breakdown
\ \ \ c?}l?cul current paints for d.c.
I \ \ \\ :n:a pulse operation
RN =
' \ b Y/ P
§e \Y/ \
! \
o N\
[
|
|
I |
== |
|
'''''' |
| :
L '
—— |
|
{ ]
4 | St - ___’/1
! [

Vego Collector-emitter voltage
|

breakdown

' [Voltage drop in second

Base forward biassed Base reverse biassed

Base
open-
circuit

Fig. 1—Output characteristics of a power transistor
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which is low at high collector-emitter voltages and higher at low voltages. Three
loci for critical current values are shown on the diagram; these represent d.c.,
pulse, and short pulse operation. The extension of the second-breakdown locus for
pulse operation is dependent on the pulse duration 1, and also, to a lesser extent,
on the duty cycle d (see Figs. 2 and 3). Thus the greatest extension is permissible
with single-shot pulses (d == 0-Ql) of short duration, say 10us. (The value d = 0-01
can be considered as single-shot because there is ample time for cooling between
power pulses).

Observation of second breakdown

Consider the Ic against Vc¢i: characteristic ABCDE shown in Fig. 1. At point B
the device goes into avalanche, otherwise known as first breakdown. At this point
the collector current starts to rise sharply for very little increase in the collector-
emitter voltage. If the current is allowed to increase up to a critical value at C the
device will enter second breakdown. This is noted by an abrupt switching of the
collector-emitter voltage to a low value at point D. In second breakdown the
device offers only a very low resistance to collector current, and is invariably
destroyed if the current is not specially limited by a circuit external to the transistor.
Beyond point C the process is generally  irreversible whereas up to point C in
avalanche the trace can be returned with no serious alteration to the transistor
properties. It is in the forward-biased mode of operation that the phenomenon of
second breakdown has been extensively studied over recent years, and a method of
presenting the Safe Operating ARea (abbreviated to SOAR) is now being published
in Mullard data for power transistors.

_In many applications, however, the reverse-bias breakdown characteristics are
also of importance. For example, when a power transistor with an inductive .load
is turned off by reverse biasing the base, the collector voltage will rise above the
supply voltage because of the stored inductive energy of the coil. For such applica-
tions transistors have been developed which permit excursions outside the Vcromax
rating under specified conditions.

With reverse bias on the base, second breakdown is always preceded by first-
breakdown. At low collector currents the voltage across the transistor can exceed
the Vcro rating as shown in Fig. 1. In first breakdown, or avalanche, the device
goes through a negative resistance region until a critical current value is reached at
which point the collector-emitter voltage abruptly switches to a very low value in
second breakdown.

Second breakdown in the transistor is usually caused by current concentration
at a point in the emitter active area; this is described in detail elsewheretb

SIMPLE METHOD OF USING PUBLISHED SOAR CURVES

In addition to the methods described in the MTC article () sufficient SOAR
information is provided in the published data of each power transistor to cover
909 of all applications.

‘OTP 1454 reprinted from MTC No. 122 APRIL 1974
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Thus, in most cases the user will merely select the appropriate SOAR curve
already constructed—without having to calculate and manipulate Msg values.

In general, the data provides SOAR curves for pulse durations in multiples of
1, 2, 5, and 10, starting at pulse durations in the region 10 to 50us. The families of
curves are plotted at duty cycles of 0-01 (single-shot) 0-1, 0-2, 0-5, and 1-0 (d.c.).
The transient thermal impedance curves are also included so that the operating
mounting-base temperature can be calculated. Typical SOAR data curves for duty
cycles of 0-2, 0-5-are illustrated in Figs. 4 and 5.

These curves will be used in the examples that follow.

In the few applications (about 109%,) which are not covered by the published
SOAR curves, the user can derive Msy curves from the single-shot and d.c. SOAR
information, and construct the boundaries using the method fully described in
the reference TP 1454 '

All Mullard data, including pulsed power ratings, assume the use of square
waves and resistive loads. Therefore, the system for using the SOAR and transient
thermal impedance curves to be described deals with this type of waveform first,
and then methods for other practical cases will be considered. It is assumed that the
electrical and time conditions are the fixed parameters of an application at the design
stage, and that the thermal conditions can be most easily adjusted. The maximum

L5110

3.3
6107
g
z s
2
L2
z
N o2
5 10

7
g .
X
E
- H
E d=1
10 p—{d= o
g N 0.7%
- Y | 05 ==: T
§ [E=o0.33 S==
g 2 pu— 0.2 A 4’—
- 1 MU~

1 = 2.3)5 e

P 0.01

S

>~ Ml 1

) -

10" 1
103 102 10! 1 10 102 103

Pulse duration t, (ms)

Fig. 2—Typical thermal impedance curves at various duty cycles
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power must be calculated at the worst-case condition; when the worst-case condition
is not obvious, all discrete sets of conditions need to be assessed.

Jdou T—

ws/8

Fig. 3—Relationship between duty cycle (d), pulse duration
(t,) and period (T)

Construction of SOAR using published data

The procedure for constructing a SOAR for one specific set of conditions is des-
cribed with reference to the curves shown in Figs. 4 and 5, and to the transient
thermal impedance curves in Fig. 2.

1) Note the pulse duration t; (for example, 1-7ms).

2) Note the time between pulses (T —t,) (for example, 2:9ms).

3) Calculate the dutycycle d from the equation d = tp/T (in this example 0-37).

4) Note the peak collector current Icy (for example 300mA).

5) Note the peak collector emitter voltage Vcen (for example, 35V).

6) Select the SOAR curve with time conditions greater than or equal to the time
conditions of the application (in this example, for d = 0-37 use d = 0-5 and for
tp = 1-7ms use t, = 2-Oms).

7) Plot the point given by the specific 1ca and Vcgwm values, shown as point Q in
Fig. S.

8) The point Q is acceptable if it is contained within the area of the 2ms/0-5 SOAR
as shown in this example.

Thermal calculations

The maximum permissible mounting base temperature is now determined as
follows:—

1) Determine peak power by multiplying Icx by Vcem.
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle.
The equation used is:
Zutd) ={Rth—Zinto)}d 4 Zinto),

Where Z 4y is the thermal impedance for pulse duration t at duty cycle d, and
Zn(to) is the thermal impedance for pulse duration t at duty cycle d = 0-01 (from

Fig. 2).
Mullard
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SOAR GENERAL EXPLANATORY
NOTES

3) Calculate the difference between the junction and mounting-base temperature
from:

(T;—Tmb)=Ztn(ta) X Iem X Vcen.
4) Calculate the maximum permissible mounting-base temperature Tmpmax from:
Tmvomax =Timax —(T;—Tmp).

5) A heatsink which limits the mounting-base temperature to this value is required.
The thermal capacity of the heatsink will be such that the transient effect of the
power will be averaged. Hence the thermal resistance is calculated using average
power. Thus:

Tmomax —Tamb
Rinth-ay= 2™ Rinmp ndegC/W,
Iem X Veem xd
Where Rin(n-a) is the thermal resistance of heatsink to ambient and Rin(mb-n) is
the contact thermal resistance.

6) The physical size of the required heatsink can be determined from heatsink pub-
lished data or from the nomogram in Appendix 1.

Operating selected outside SOAR

Suppose the application had required an Icm of 400mA instead of 300mA. In this
case the point P on Fig. 4 would be given. Point P is outside the 2ms area which
indicates that the condition may be unacceptable. Thus a closer approximation to
the true conditions is necessary.

1) Using linear interpolation between the 1 and 2ms curves at d = 0-5 (Fig. 5)
draw a SOAR curve for tp == 1:7ms. If point P is within this area then the con-
ditions are acceptable and the heatsink thermal resistance can be calculated.

2) If point P is outside the 1-7ms area, then determine the 1-7ms area on the family
of curves for d = 0-2 (Fig. 4). A further linear interpolation between the two
1-7ms areas is then needed to approximate to the 1-7ms SOAR at duty cycle of
0-37.

3) If point P is outside this area, then the condition is unacceptable, and a different
transistor should be considered.

The above method is not absolutely accurate, but the approximation errors in-
volved are allowed for in the published data tolerances. More accurate calculations
can be made by going back to first principles, and calculating the multiplying factor
for the specific condition. (1)

()TP 1454 reprinted from MTC No. 122 APRIL 1974

Mullard
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SOAR GENERAL EXPLANATORY
NOTES

PRACTICAL APPLICATION
This section discusses a typical application in which power transistors are used.

Audio application

The example describes how the output transistors of an audio amplifier are
checked for excursions outside the specified SOAR when the amplifier is being
tested under a sinewave overdrive condition.

This example describes how the SOAR curves are used to check the suitability of
the BDI131 power transistors in a television audio amplifier application. The
amplifier is a class A design capable of delivering an output of 2W. The circuit
configuration is shown in Fig. 6.

V supply

TR2

Vdrive
TRY

Test
resistor

Feed back

1

>

es/29

Fig. 6—Circuit configuration of television audio output stage

Mullard
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The amplifier provides the required output power but the second breakdown
acceptability has to be checked, and the thermal requirements of the heatsinks are
to be calculated.

In this example the SOAR acceptability is considered in the event of the transis-
tors being overdriven by a sinewave signal of period 960us. A test resistor of 0-1€2 is

TR

Oscilloscope

—O Upper
—O Lower
Common

010

s

Fig. 7—Method of connecting dual-trace oscilloscope to
obtain simultaneous display of Ic and V¢g

Vee

V)

30 1

20 /

10 /
/

0

0 100 200 300 400 500 600 700 800 900 1000

Time (ps)

Ie

(mA)

300

2001 \\
100 \

LN 1 1] '

0 100 200 300 400 500 600 700 80O 900 1000
Time (ps)

Fig. 8-—V¢ and ¢ characteristics

2l
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SOAR GENERAL EXPLANATORY
NOTES

inserted in the emitter circuit of the lower transistor TR;. A simultaneous display
of the Vcg and Ic waveforms is then obtained by connecting the probes of a dual-
trace oscilloscope in the manner shown in Fig. 7. The traces of Vce and Ic taken
from the oscilloscope are shown in Fig. 8 and the measurements from the wave-
forms are recorded in Table 1. These readings were recorded every 20us through
the complete cycle of 960us. In the final column of Table 1, values of instantaneous
power are calculated and plotted against time in Fig. 9. This curve is then converted
/intc a series of equivalent squarewave pulses having the same peak power values as
the actual pulses. The equivalent squarewave pulses are shown by the dashed line
and are marked Pi, P2, and Ps in Fig. 9.

Each pulse is then checked individually. The duty cycle for each equivalent
squarewave pulse is calculated, and the Vcg and I¢ values recorded over the dura-
tion of the pulse are checked on the appropriate SOAR curve.

TABLE 1

Maeasured values of Ic and Vce and derived P () obtained
from oscilloscope display

Time Ic VCE P(tog)
(us) (mA) V) W)
0 260 2 0-52
20 220 6 132
40 180 12 2:16
60 140 16 2-24
80 90 20 1-80
100 50 25 1-25
120 5 29 0-15
then no important changes until
500 5 25 0-14
520 40 25 1-00
540 80 20 1.60
560 130 15 1-95
580 180 10 1.80
600 220 5 1-10
620 260 1 0-26
until

940 280 1 0-28
960 260 2 0-52

Mullard
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Consider pulse P:: the equivalent pulse time tp; is 82-5us and the total cycle
time T is 960us. Therefore the duty cycle d; is 82:5/960 or 0-:086. The VcE and Ic
values recorded up to the end of the pulse time ty; are then plotted on the SOAR
curve for d = 0-1 as shown in Fig. 10. The locus of this plot falls well within the
tp = 100us limit, therefore this condition is acceptable. In figs. 10 to 12, the SmA
point is plotted on the 10mA line for convenience, this makes no difference to the
result.

The same procedure is followed for checking the acceptability of pulses P> and Ps.
For Ps the duty cycle is 420/960 or 0-44; thus the V¢ and Ic measurements recorded
for pulse P are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For P3
the duty cycle is 70/960 or 0-073, so the Vce and ¢ measurements recorded for pulse
Ps are again plotted on the SOAR curve for d =0-1 as in Fig. 12.

In all three cases the pulse conditions are acceptable since not even the d.c.
SOAR limits are exceeded. Thus, the transistor will not fail through second break-
down even when the amplifier is continuously overdriven.

Heatsink calcnlations

The heatsinks have to be designed to keep the junction temperature below the
rating of 150°C. The known thermal restraints are the standard ambient tempera-
ture of 60°C allowed for in television enclosures, and the thermal impedances
associated with the BD131. The thermal impedance curves for the BD131 are shown
in Fig. 13, and the contact thermal resistance Rinmp-n) is 1 degC/W.

L45/36

100 M
? £
Zivin) g
(deg C/W) s
2 2
10 = £
J=d=1.0 Rinis) z
[3 i -
— 0.5
A lo2 | /" Zin(1o)
e z
1o A LU
, =yt ==Sss::
== e
1 0 - .
2 =7
) —
0.1

Ziniy =(RengstZengeen) 4 + Zanpo)

Ryn(s) = Steady state thermal resist , d=1
Zy\ (o) = Transient thermal impedance, d =0

I T T

2 57 2 5 7

2 57
107 107 1

1 10
Pulse duration (s)

Fig. 13—Thermal impedance curves for BD131
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SOAR GENERAL EXPLANATORY
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The calculations used to determine the size of the required heatsinks involve
average power values, as follows:
Tmvmax —Ta

Rtmh~a);—P—'_Rth(mb—»h), ..
av

where: Tmvmax =T;max —(Tj—Tmp)max. ... (2)

Timax —(Tj—Tmp)max —Ta
Pay

Therefore: Rmm-a)=< ) —Rithimo-ny  ...Q3)

Two average powers have to be considered;that during the overload condition
and that during the quiescent state. Since this is a class A amplifier, 2W will be
dissipated in each of the output transistors during the quiescent condition, and this
will be the d.c. bias condition. Under the overload condition the average power
value is calculated as follows:

average heat input per cycle

=[(tp1 X P1)4-(tp2 X P2) +(tp3 X P3))/T, ...(4)

385usW
=[(82.5 x2.24) +(420 x 0.15) +(70 x 1.96)]/960 = 96;58 =0.4W.
u

The calculation of heatsink sizes should be determined under worst-case condi-
tions. This occurs when the quiescent state is followed by the overload conditions.
Since the average overload power is less than the quiescent power the first cycle of
overload will define the (T;—Tmp)max.

The maximum value of (Tj—Tmy) is to be the greater of the two values given
by the equations (5) and (6) below.

(Ti—Tmv)max =Pq X Rtn +(Py —P@)Zintp1, ...(5

and (T;—Tmbp)max =Pq X Rin+(P1 —P@)Zn(tp1 + tp2 +tp3)

—(P1—P2)Zn(tp2 +tp3) +(P3 —P2)Zntps, ...(6)
where:
quiescent power Po=2W tpa=70us

P;=2.24W Rin =6degC/W
P2=0.15W Zintp1 =0.72degC/W
P3=1.96W  Zin(tp1+tp2+tys)=2.0degC/W
tp1 =82.5us Zn(tp2 +tps)=1.8degC/W

tp1 +tp2+tp3=572.5us Zintp3=0.63degC/W.

tp2+1tp3 =490.0us

Mullard
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Thus, Eq. 5 becomes:
(Ti—Tmp)max=(2x6)+(0.24 x0.72) =(12+0.2) =12.2degC.
Eq. 6 becomes:

(T; —Tmb)max=(2 x 6)4(0.24 x2) —(2.09 x 1.8)+(1.81 x 0.63),

=124+0.48—-3.76+1.14 =9.9degC.

Therefore the maximum value of (T;—Tmp) is 12.2degC from Eq. 5 .

Thus Eq. 3 becomes:

150—12.2—60

Rinh-a)= ( 3

) —1 =37.9degC/W.

Therefore the maximum value of (T;—Tmp) is 12.2 degC from Eq. 5.

Therefore heatsinks used for the BDI31 transistors in this application should
each have a thermal resistance of 37degC/W or less. The foregoing calculations
assume a contact thermal resistance value of 1degC/W, which is true only if a heat-
sink mounting compound is used.

APPENDIX I
Transistor heatsink sizes

The heatsink size for any transistor can be found from the nomogram shown
in Fig. 14 provided that the power dissipation is no greater than 100W, and that
the heat is dissipated by free convection. This nomogram should not be used where
forced air. cooling is employed, or where heatsink material other than aluminium
is desired. The nomogram is operated as follows, with reference to the simplified
curves in Fig. 15.
1) Calculate the worst-case dissipation Pioemax and hence the thermal resistance
of heatsink to ambient Rin(h—a). Thus:
Rinth—a) = M — Rth(mb—n)
Ptot
2) Enter the nomogram in section 1 of Fig. 15. Move horizontally to the left until
the appropriate orientation (either horizontal or vertical) and the appropriate
surface finish is reached.
3) Move vertically upwards to intersect appropriate power dissipation curve
(Poy) in section 11.
4) Move horizontally to intersect the curve in section 111 for the desired thickness
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards

Mullard
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from the point of intersection on the chosen extrusion curve and read off the
required length on the top horizontal scale. (The 30D and 40D are shown in
outline in Fig. 16. These types belong to the family of extrusions which has been
used with Mullard power devices requiring special heatsink considerations, such
as thyristor stacks and power rectifiers. Similar curves for alternative extrusions
could also be plotted in section III using the heatsink manufacturer’s data
relating Rinin—a) and power, and length).

5) Move vertically down from point A in section III to intersect with the appro-
priate curve for the transistor encapsulation style.

6) Move horizontally to the left and read off the required area of one side of flat
aluminium heatsink.

7) The heatsink dimensions of height to width should not exceed the ratio 1:25:1.

r——lmglh of extruded heatsink (em) —
10 100 ey
l _I [ l type of heatsink power dissipation fgw
2
thickness of flat aluminium sw v
heatsink (mm) 2
1 1w,
/.
A
i S0W
8 extrusion N
= type 300 o % L o
™ L //,/ . - {
N~ \\ mo%//
3 /]
N ? 4
o 7 \
00 7 o
type of envelope [ Semtan o T
Y/
3
S
- A
4
3 // 5
2 bright horizantal S
s bright vertical—| %4 P
4 blackened horizontal -
.. blackened vertical ]
s z
‘- ] / o
2 4
H
s /
H 10-3 ond T0- P13 (plostic) 7
H 10-66 ond 10- 220 plestic)
N 7
A 10-126 f/
10 A . ‘ "

Fig. 14—Heatsink nomogram. *(For outlines of extrusions see Fig.16.)
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length of extruded
heatsink (cm) L45/48

section III section IO

|
|
|
type of power
heatsink dissipation )

type of orientation and!

— = - - -

S envelope | surface finish,
-~ l —_—
[«
o et F 2
23 S
o g g)
s~ ho)
el —~
S .E ID
o 2 <
® 9 section IV section I <
[SRF= @
Fig. 15—Simplified nomogram
l“ max 109 “
max
@300 T 32

max
{b) 40D 59.7

max 109

All dimensions in mm sy

Fig.16—Outlines of extrusions: (a) 30D, (b) 40D
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DUAL N-CHANNEL
FIELD EFFECT TRANSISTORS

BFQ10
to
BFQ16

Dual n-channel silicon planar epitaxial junction field-effect transistors in TO-71 metal
envelope, with electrically insulated gates and a common substrate connected to the enve-
lope; intended for high performance low level differential amplifiers.

QUICK REFERENCE DATA
Characteristics measured at Tamp = 25 OC; Ip = 200 pA; Vpg =15V
BFQI0| 11 12 | 13 14 | 15 | 16
Difference in |aig] < 10| 0| 0] 10} 10| 10| 10 pa
gate current
Gate-source
voltage difference |avgs| < 5| 10| 10| 10| 15| 20| 50 mv
Thermal drift of d AV
gate -source voltage .TGS. < 5 5| 10| 20| 20| 40| 50 pv/°C
difference
Transfer con- gifs > 0,98(0,98 0,98 {0,98 0,98 |0,95 {0,95
ductance ratio 82fs < 1,021,02]1,02(1,02{1,02]1,05 | 1,05
Difference in a2 < 6| 6| 12| 12{ 12| 20| 30 @
transfer impedance 8fs
Diference in afos| < 10| 30| 30| 30| 30| 30[100 WV
penetration factor gfs
Common mode CMRR > 100| 90| 9| 90| 90| 90| so aB
rejection ratio
MECHANICAL DATA Dimensions in mm
TO-71
All leads insulated
from the case
r1ﬁ1c|6x< I
45°
AN
b 3 You
\/ L8 —jma
117 max
max '
29
2d yq»"?-gx-»"— 12.7min ——e| 7266906

SEPTEMBER 1973
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RATINGS Limiting values in accordance with the Absolute Maximum System

Voltages

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

Voltage between gate 1 and gate 2

Currents
Drain current

Gate current

Power dissipation

Total power dissipation up to Tamb = 75 °C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air

Mullard

*Vps
VDGo

-VGso

V16 -2G

Ip
Ig

Prot

Tstg

Rth j-a

max. 30
max. 30
max. 30
max. 40
max. 30
max. 10
max. 250
-65 to +200
max. 200
= 0,5

< < < <

mA
mA

mw

°c
oc

oC /mW
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DUAL N-CHANNEL BFQ10
FIELD EFFECT TRANSISTORS to
BFQ16

CHARACTERISTICS (total device) Tamb =25 OC unless otherwise specified
Measured at: Ip = 200 pA; Vpg = 15 V except for drain current ratio.
BFQIO}| 11| 12 [ 13 | 14 | 15 { 16

Iip-1ss > 0,97{0,95{0,95 0,95 {0,92|0,90 |0,80
Top-2ss < 1.03]1,05|1,05(1,05{1,08]1,10 |1,20

Drain current ratio 1)
Vpg =15V; Vgs =0

Difference in

e current |A1(;| < 10| 10| 10| 10| 10{ 10{ 10 pA
Gate-source

e e |avgs| < 5| 10| 10| 10| 15| 20| 50 mv
Thermal drift of d AV

gate -source voltage ITI‘@‘ 5 5 10| 20| 20| 40| SO pv/°C
difference

Transfer con- glfs > 0,98{0,98/0,98 10,98 10,98 0,95 (0,95
ductance ratio g2fs < 1,02]1,02(1,02(1,02}1,02)1,05 |1,05
Differenceln ~~ |atl < 6| 6| 12| 12| 12| 20| 30 o
transfer impedance Z) gfs

Difference in gos

penetration factor 3) IAgf_s < 10} 30f 30} 30} 304 30| 100 pv/v

Common mode

—— = CMRR > 100f 90( 90] 90] 90| 90| 80 dB
rejection ratio 4)

1) Measured under pulse conditions.

2) The difference in transfer impedance is equal to the ratio of the change of the gate-
source voltage difference to the change of drain current, at constant drain-gate voltage.
(A 1 _dAv

8fs ap - & VpG = constant)

3) The difference in penetration factor is equal tothe ratio of the change of the gate-source
voltage difference to the change of drain-gate voltage, at constant drain current.

(a8os- 4 2VGs
gts dVp
4) Common mode rejection ratio

CMRR (in dB) = -20log

at Ip = constant)

A 8os
gfs

Mullard
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CHARACTERISTICS (Individual transistor)
Gate cut -off current

-Vgs =20 V; Vpg =0

-Vgg = 20 V; Vpg = 0; Tamp = 125 °C

Gate current

Ip = 200 pA; Vpg = 15 Vi Tamp = 125 °C

Drain current

Vps =15V; Vgg=0

Gate-source voltage

Ip =200 pA; Vpg =15V

Gate-source cut -off voltage

Ip=1nA; Vpg =15V

Transfer conductance at f = 1 kHz

Ip = 200 pA; Vpg = 15V

Output conductance at f = 1 kHz
Ip = 200 pA; Vpg = 1SV

Input capacitance at f = 1 MHz

Ip =200 pA; Vpg =15V

Feedback capacitance at f = 1 MHz

Ip = 200 pA; Vpg =15V

Equivalent noise voltage

Ip = 200 pA; Vpg = 15 V
B = 0,6 to 100 Hz

1) Measured under pulse conditions.
2) Measured with case grounded.

Mullard

Tamb = 25 °C unless otherwise specified

_IGSS < 100 pA
-IGgss < 20 nA
Ig < 10 nA
Ipss 05t 10 mAl
—VGS < 2,7 \%
-V(p)GS 0.5 to 3,5 \Y%

gfs > 1,00 mA/V
gos < 5 pA/NV

Cis < 8 pF 2)
Crs < 1,0 pF 2
Vo < 0.5 pVv

BFQI10 Page 4



DUAL N-CHANNEL BFQ10
FIELD EFFECT TRANSISTORS to
BFQ16

103 : —r J‘115719
e
Igss -Vgs=20V
(nA) Vps=0
d
102 4
y
y
10 ~
V4
Ityp
1 v 4
4
1071 >
7
A
10~2
1073
0 50 100 150 T (°C) 200
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7267189

10
Ip I
(mA) Vps =15V ,I typ. values
— Tj=25°C i Tj=25°C
7,5
I
/
/ Vgs=0
s X
4 | f 1
i1
1
max -VGs=0,5V
2,5
typ
r» ; I 1V
0 . xm&l
7,5 S 2,5 0 5 10 15
-Vgs (V) Vps V)
10 . T 7267191
| R Y |
typ. values
——] Vps=15V a
[vis| | |f=1kHz -
T =250C
(mA/V) amb S//s‘of* ]
\05 4\0‘(\5
oA o
645‘ /./
. N
107!
10~2 1071 1 Ip (mA) 10
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DUAL N-CHANNEL BFQ10

FIELD EFFECT TRANSISTORS to
6 7267187 10 T T 111[67'!6
typ. correlation between ‘V(P)GS l‘ I I
and Ipgg ] typ. values ]
~Vprae " T - Ip=200pA 1]
(PGS 11T [Yos| f=1kHz |||
(at Ip=1nA) Vps=15V JE warvy | | IAN Tamb=25 °C
Tj=25°C [ \\N
4 \
\
NN
\\ N 2
1 N SS9~
N2 40
N 1, 4 T 1]
Nt D,
AN LSSQS I~
4 4T
2 r IDSS\ |
L4 0.312'?\‘1\\\
W
0 10-1
0 5 10 0 5 10 15 20
Ipgg at Vgg=0 (mA) Vps V)
10 T T 7267192
S
typ. values 7
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope
with the substrate connected to the case. It is intended for linear applications in
the audio as well as the i.f. and v.h.f. frequency region, and in cases where high
input impedance, low gateleakage currents and low noise figures are of importance.

QUICK REFERENCE DATA

VDB max. 30 v
tVGB max. 10 \4
IDSS (VDS=15V, VGS=0) 10 to 40 mA
]yfsl min. (ID=SmA, VDS-‘—ISV, f=1kHz) 6.0 mA/V
-Crs max. (ID= SmA, VDS =15V, f=1MHz) 0.7 pF
N max. (ID=5mA,h VDS =15V, f=200MHz,
GS =1mA/V, BS =optimum) 5.0 dB
vn/JE typ- (Ih=5mA, V=15V, f=1kHz) 100 nV/vHz

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

0.48
max
| — |
b 8 A —— —T
9 max :/t::
:/&:
s
53 o127
max min
% Substrate connected to envelope
All dimensions in mm 03925
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 device is fitted with a
conductive rubber ring around theleads. This ring should not be removed until after
the device has been mounted in the circuit.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDB max. Drain-substrate voltage .:30 A%
VSB max. Source-substrate voltage 30 A%
tVGB max. Gate-substrate voltage (continuous) 10 v
v G-N max. Repetitive peak gate voltage
(gate to all other terminals)
VSB =VDB=0, f > 100Hz 15 A
[D max. Drain current (d.c.) 20 mA
IDM max. Peak drain current
tr=20ms, d=0.1 50 mA
Ptot max. Total poweor dissipation
Tamb <25°C 200 mW
Temperature
Tstg Storage temperature -65 to +125 ZC
Tj max. Junction temperature 125 C
THERMAL CHARACTERISTIC
R th(j-amb) Therma.ll res‘istance, .junction
to ambient, in free air 0.5 degC/mW
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ. Max.
Gate current, VBS =0
-IGSS —VGS =10V, VDS =0 - - 10 PA
IGSS VGS =10V, VDS =0 - - 10 PA
Toss Vg =10V, Ve =0, T;= 125°c - - 200 pA
Iiss Vg =10V, Vo =0, Tj=125°C - - 200 pA
Substrate current, V aB” 0
_IBDO -VBD =30v, IS =0 - - 10 HA
-IBSO -VBS=30V, 1D=0 - - 10 pA
Dss LT <0 10 -~ w0 ma
DS " 'GS
-VGS Gate-source voltage
[D=100nA, VDS=15V 0.5 - 3.5 A%

Mullard
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

ELECTRICAL CHARACTERISTICS (contd.)

Min, Typ. Max.
-V Gate-source cut-off voltage
(P)GS _ - - -
ID—IOOnA, VDS_ 15V 4.0 \Y
N Noise figure at f=200MHz o
ID =5mA, VDS =15V, Tamb= 25°C
GS =1mA/V, BS =optimum - - 5.0 dB
%5 i i =25%
Vn/ B Equivalent noise voltage, Tamb 25°C
ID=SmA, VDS=15V, f=120Hz - 300 - nV/VHz
f=1kHz - 100 - nV/VHz
f=10kHz - 35 - nV/VHz
y-parameters
- - — 950,
ID— SmA, VDS =15V, Tamb— 25°C
| stl Transfer admittance at = 1kHz 6.0 - - mA/V
lyos] Output admittance at f=1kHz - - 0.4 mA/V
Cis Input capacitance at f=1MHz - - 5.0 pF
-Crs Feedback capacitance at f=1MHz - - 0.7 pF
C Output capacitance at f = IMHz - - 3.0 pF

os
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

D386S

1 T 1 [T
IRBER
typical curves| | |
20 Vps =15V
Ip
(mA) \
15
\ Vgs=+0.5V
\N..
10 <
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\ +
N 0.5V
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| 1
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0 [
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1
300 7 10 7T typ
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

03872 03873
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typical curves| | | Tamb = 25°C
06 Tamp=25°C & - _]r
-Cis AN C; N ] ]
(er) AN (p;) ll ™ i VDS:j
N T T 1T AN 5V
AN N\ T 17715V
05 1 3
N [ ./#:w
| | \ Vos =5V | i N
™~ Y I |
0.4 Q i [ |
TS A
{ 15V L I J] T
! T ]
03 | T
RS Tﬁ?ﬁ;
I e
0.2 L[ 0 [ ; |
v25 0 -2.5 Vgs(V) -5 v25 0 2.5 Vgo V) -6

Mullard

BFR29 Page 7




pmin. N-CHANNEL SILICON BFR30
FIELD EFFECT TRANSISTORS BFR31

N-channel siliconplanar epitaxial junction field effect transistorsinmicrominiature
encapsulation. They are intended for low-level general purpose amplifiers inthick
and thin film circuits.

QUICK REFERENCE DATA

iVDS max. 25 \%
_VGSO max. . 25 \"
max. (T =257C) 200 mWw
tot amb
BFR30 BFR31

V.. =10V, V__ =0) min. 4.0 1.0 mA

'pss Vs GS max. 10 5.0 mA
[Yes| (p = ImA. Vpg = 10V, min. 1.0 1.5 mA/V
f = 1kHz) max. 4.0 4.5 mA/V

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

fe—— 2.9 max ﬁ 05698

IS 1.9 ‘—1
0.1
“/' 0.95
Falh |
' [
] 1.3 25

001 max max
T min ‘\
—
g
085 ' 1 043

max max  [dentification
1.2 code: M1=BFR30
max M2=BFR31

All dimensions in millimetres
Plan view from above
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
iVDS max. Drain-source voltage 25
VDGO max. Drain-gate voltage (open source) 25
.VGSO max. Gate-source voltage (open drain) 25
[D max. Drain current 10
IG max. Gate current 5.0
C o
Ptot max. Power dissipation (Tambs 25°C)
mounted on a ceramic substrate
of 7 x5 x 0.5mm 200
Temperature
Tstg Storage temperature -65 to +150
Tj max. Junction temperature 150
THERMAL CHARACTERISTICS
Rth(‘—amb) Thermal resistance between junction
! and ambient, the device mounted on a
ceramic substrate of 7 x 5 x 0. 5Smm 0. 62
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min. Max.
-1 Gate cut-off current
GSS
-VGS—IOV,VDS—O - 0.2
IDSS Dral\‘; Cur—rfgi/ V.=0 BFR30 4.0 10
DS ~ " UGS ’
BFR31 1.0 5.0
_VC‘S Gate-source voltage
ID = 1mA, VDS = 10V BFR 30 0.7 3.0
BFR31 0 1.3
ID = 50pA, VDS = 10V BFR 30 - 4.0
BFR31 2.0
D™ 77 'ps :
BFR31 - 2.5

mA
mA

mW

OC/mW

mA
mA

< < < <
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i min. N-CHANNEL SILICON BFR30
FIELD EFFECT TRANSISTORS BFR31

ELECTRICAL CHARACTERISTICS (contd. )

Min Max
y-parameters, Tamb = 250C
|ny| Trinsieiniimi\t/tancf f(t)vf - BFR30 1.0 4.0 mA/V
D DS ) ’
BFR31 1.5 4.5 mA/V
ID = 200pA, VDS =10V BFR30 0.5 - mA/V
BFR31 0. 75 - mA/V
lyosl Out;)ut:a;irr:;tta\rlxce a:t 1f(;]lkHz LFR 0 _ 0 -
D ' DS
BFR31 - 25 HA/V
ID = 200pA, VDS =10V BFR30 - 20 vA/V
BFR31 - 15 AV
Cis InplIlt c:a;;anf;tari/ce arzfl(——)VlMHz ) 0 oF
D " 'DS ’
ID = 200pA, VDS = 10V - 4.0 pF
Crs Fe?dbic;(mc:pa\cl:itan:cig\t/ f; IMH:ZéSOC ) s oF
D " 'DS ' “amb o '
ID = 200uA, VDs =10V, Tamb=25 C - 1.5 pF
Vn Equiva:;rgozzisi,voltjgl%v
ID " DS
B=0.6to 100Hz - 0.5 uv
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pmin. N-CHANNEL SILICON BFR30

FIELD EFFECT TRANSISTORS BFR31
15 03329
11
T ]i] BFR30
H Vps =10V 0
Io Tj=25°C
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p min. N-CHANNEL SILICON

FIELD EFFECT TRANSISTORS BFR31
10“ —— }D)!BG
typical values
f=1kHz m
Yos| Tams=25°C [ ]
(HA/V) ‘
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

N-P-N multi-emitter silicon transistors in capstan envelopes. Thetransistors have

extremely good intermodulation properties and high power gain.

The devices are intended for:

(a) Final and driver stages of channel and band aerial amplifiers with high output
power for band I, II, III and IV/V (40 to 860MHz).

() Final and driver stages of wideband amplifiers (40 to 230MHz).

(c) Final stages of the wideband vertical amplifier in high speed oscilloscopes.

(d) Frequency multiplier and oscillator circuits.

QUICK REFERENCE DATA

VCBOM max. (peak value) 40 \"
VCEO max. 25 \'%
ICM max. 500 mA
P, max- (rmbiso"c, f >1MHz) 3.5
T, max. 150 °c
BFR63 BFR64

fT min. (f=500MHz, IC=75mA, VCE=20V) 1000 1200 MHz
PO typ. (f=200MHz, IC=7OmA,

VCE=20V, dim: -30dB) 150 150 mwW
GI) typ. (f=200MHz, IC: 70mA, VCEZZOV) 16 16 dB

Unless otherwise stated data is applicable to both types

OUT LINE AND DIMENSIONS

For details see page 2
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OUTLINE AND DIMENSIONS

Pip identities :
the collector. @01
: ai
3 3
3 —_——
Pl !
MR

‘—Ng Thread 8-32 UNC
~{l}e-m
0.75 @ L y J

4

oae9

Diameter of hole in heatsink: max 4.17mm

Torque on nut
min. 7.5kg ecm  (0.75N m)
max. 8.5kg cm  (0.85N m)

Millimetres
Min. Max .
5.25 5.75
0.107 0.147
0.7 1.1
5.60 5.85
9.0 9.6
2.7 2.9
10.5 10.7
1.0 1.5
25.0 29.0
14 nom.
1.4 1.6
11.2 12.0
- 1.6
7.5 8.5
2.93 3.68
2.85 3.00

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

Mullard
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N-P-N SILICON PLANAR BFRé63
EPITAXIAL TRANSISTORS BFR64

RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
v max. (peak value, ‘C: 100pA) 40

CBOM
max. (peak value, R__ =109, I =10mA) 40

VC ERM BE C

Vogo max- (5=10mA) 25

\% max. (I=100uA) 3.5

< < < <

1, max. 200 mA
ICM max. (peak value, f >1.0MHz) 500 mA

Ptot max. (Tm

Temperature

T -40 to +150
stg

Tj max. 150

[, $60°C, f >1.0MHz 3.5 '

THERMAL CHARACTERISTIC
25 degC/W
0.5  degC/W

Rth(j—mb)

Rth(mb—h)
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)

Min. Typ. Max.
I Collector cut-off current
CBO _ _ _ -
1,20, V=20V 10 pA
\% Collector-emitter saturation voltage
CE(sat) 1,=100mA, I =10mA - - 0.75 v

h Static forward current transfer ratio

IC=50mA, VCE=5V 25 = -

Ic=150mA, VCE=5V 25 - -

C Collector capacitance
IE=Ie=0, VCB=20V, f=1.0MHz - - 4.5 pF
-C Feedback capacitance
1,=10mA, V=20V, {=1.0MHz,

Tmb=25°C . - 1.7 - pF

N Noise figure

1,=40mA, V=20V,

f=200MHz, R_=1759, T , =25°C - 6.0 - dB
S mb

| Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Min.
fT Transition frequency at f =500MHz
IC=15mA, VCE=20V BFR64 -
= = 1000
IC 75mA, VCE 20V BFR63
BFR64 1200
= = BFR63 -
IC 150mA, VCE 20V F
BFR64 -
P *Qutput power at f=200MHz, T ., =25°C
o mb
= = .S.w.r. <2
IC 70mA, VCE 20V, v.s.w.r. at output
f =202MHz, f =205MHz, d, = -30dB
p q im
measured at f(2 _ )= 208MHz (channel 9)
a-p BFR63 -
BFR64 130
P **Qutput power at f=800MHz, T . =25°C
o mb
IC= 70mA, VCE: 20V, v.s.w.r. at output <2
f =798MHz, f =802MHz, d. = -30dB
P q im
measured at 90— =806MHz (channel 62)
(2a-p) BFR64 70
Gp Power gain (not neutralised) o
= = T =25
IC 70mA, VCE 20V, mb C,
f=200MHz BFR63 -
BFR64 15
f=800MHz BFR64 -
*See test circuit etc. on Page 5
**See test circuit etc. on Page 6
CAUTION

Typ.

1000

1100
1200

150
150

90

16
16

6.5

- MHz

This device incorporates Beryllium Oxide, the dust of which is toxic. The device
is entirely safe provided that it is not dismantled.

Careshould be taken toensure that all those who may handle, use or dispose of this
deviceareawareof its nature and of thenecessary safety precautions. In particular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Dept. They must
be separately and securely packed and clearly identified. If any are damaged or
broken they MUST NOT be sent through the post. In this case, advice is available
from the Service Department, Mullard Limited, New Road, Mitcham, Surrey.
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

ELECTRICAL CHARACTERISTICS (contd.)

Intermodulation characteristics

1. Output power at f=200MHz, T = 25°C
I =70mA, V

C CE
f =202MHz, f =205MHz, d. = -30dB,
P q im

=20V, v.s.w.r. at output <2,

measured at f =208MHz (channel 9)
(29-p)

Test circuit

o—
2.2pF
12pF
F b
Rg-500 300
o
*24v
o —

02386

L1 = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia.
8mm, taps 1.5 and 0.5 turns from earth.
L_ = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.

2
8mm.
L3 = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia.
8mm.
L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.
1lmm.

Basis of adjustment

Intermodulation distortion at dj, = -30dB is caused by clipping in h.f. output cur-
rent and voltage.
The maximum undistorted output power is attained when

(a) Clipping in current and voltage is simultaneous; this occurs if

(\%4

Rload - CE _vcek)/IC

Where Vce is the high frequency knee voltage

k
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ELECTRICAL CHARACTERISTICS (contd.)
Basic of adjustment (contd.)
(b) The h.f. collector current is as low as possible; this occurs if

- = 4
Cload Coe

Where Coe is the output capacitance of the transistor with short-circuited input.

Experimentally obtained values of Rload and Cload’ for maximum output power at
an intermodulation factor of -30dB, are:

R =220Q, C

load ~4pF

load -

Procedure

1. Remove the transistor and connect a dummy load, consisting of a 2209 resistor
in parallel with a 4pF capacitor, between the collector and the emitter connec-
tions of the output circuit.

2. Tune and matchthe output circuit for zeroreflectionat 205MHz (i.e. v.s.w.r.=1).

3. Replace the dummy load by the transistor. Tune and match the input circuit for
maximum power gain and good bandpass curve. The v.s.w.r. of the output will
then be <2 over most of the channel. Corrections can be made by tuning Lg, this
will not disturb the bandpass curve.

2. Output power at f=800MHz, Tmb=25°c

IC=70mA, VCE=20V, v.s.w.r. at output <2,

f =798MHz, f =802MHz, d. = -30dB,

p q im

measured at f =806MHz (channel 62)
(29-p)

Test circuit

Lj 1pF
12pF Y
12pF
2 P 500
12pF
Rg=500N
o—
+
24V
15nF

10

Choke
02387

Ly =25x 7x 0.85mm silver plated copper strip, input tap at 5mm from earth.
Lo = 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm.
L3 = 1.5 turns of 1.3mm copper wire, int. dia. 8Smm.

Mullard
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

ELECTRICAL CHARACTERISTICS (contd.)
Basis of adjustment

At 800MHz a dummy load cannot be used to adjust for optimum collector load,
because at these frequencies the impedance transformations of the dummy load are
too high.

A small signal with a frequency of the midchannel 802MHz is fed to the input. The
signal is increased until clipping occurs, that is until the output power no longer
increases linearly with increasing input signal. Care should be taken not to allow
the voltage swing to exceed the VogR value as this may result in the destruction of
the transistor by second breakdown.

The output circuit is then tuned to eliminate clipping.

The output P is given by
P0 = IC(VCE —Vcek)/z = 480mW

where Vce is the high frequency knee voltage

k

Keeping the input signal as small as possible at P, = 480mW, the output circuit is
adjusted for minimum intermodulation. The input circuit is then adjusted for maxi-
mum gain and good bandpass curve. The v.s.w.r. is found to be <2 over the whole
channel.

Mullard
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02361

3
10 T T TI7T

L T1T11
T mp=85°C
Ic
(mA) N
\
I \\
2 \\
102
Y
\
5
1
: \
10 0
5
2
1
1 2 s 10 : Ve (V) 102

Safe Operating Areas with the transistor forward biased
I Region of permissible d.c. operation
II Permissible extension for repetitive pulsed operation; f >1MHz

III Repetitive pulsed operation in this region is allowed, provided RBE <109 and
f >1MHz

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

D2362

100 T
Vce =5V
hee Tj=25°C
80
Pl '*\typ
N\
N\
\
60
40
1 10 2 s 102 2 Ic (mA) 10°
2000 2
typical values| f=500MHz
Veg=20V
r T;=25°C
(MHz) p
Z N\
AN
1000 A\Y
\\/BFR64
\BFRG3
()}
10 102 Ic (mA) 10°

Mullard
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021364

T
I
10 ]
f =1MH2z
Te=le=0
Cre T; =25°C
(pF)
RN
T TN
~N
P~ typ
~
0
0 10 20 Veg(V) 30

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

Silicon planar epitaxial n-p-n transistor in a plastic T-package. It is primarily
intended for use in u.h.f. and microwave amplifiers such as aerial amplifiers,
radar systems, oscilloscopes, spectrum analysers etc. The transistor features
very low intermodulation distortion, high power gain and excellent wideband pro-
perties combined with very high transition frequency and a low noise figure.

QUICK REFERENCE DATA
CEO max. 20
VCEO max. 15
IC max. 25 mA
~ 00
Ptot max. (Tamtf 60°C) 180 n:)W
’I‘j max. 150 C
fT typ. (IC:MmA, VCE=10V, f = S00MHz) 5.0 GHz
.Cre typ. (IC=2mA' VCE=10V, f=1MHz) 0.4 pF
N typ. (Ic=2mA, VCE=10V, f=500MHz) 2.4 dB
GUM typ. (IC=14mA, VCE=10V, f=500MHz) 19.5 dB
im typ. (IC= 14mA, VCE: 10V, RL=7SQ
V =150mvV, f =493. 25MHz) -60 dB
o (P+q-T1)
OUTLINE AND DIMENSIONS
0,5
max
-
———
[
48 ]
max
8’}8‘4_’ t'\ 7 0,8 max
— *—é‘g —| 1,6 max
— 2,7 -
max D4803

All dimensions in mm

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v CBO max. 20 v
VCEO max. 15 \%
X 2.
VE‘.BO max .0 \Y%
IC max. 25 mA
P max. (T__ =60°C) 180 mW
tot amb
Temperature
T -65 to +150 °c
stg
o
T max. 150 C
J

THERMAL CHARACTERISTIC

in free air, mounted on a
glass -fibre print of 40 x 25 x Imm o
(see fig. 1) 0.5 C/mW

4>]2min ‘!2mm
hole in
print

lSm 5m|n

_’] r_.Smln

2min

}—

R h(j-amb)

01091

Fig.1

Requirements for a glass-fibre print

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (Tj =250C unless otherwise stated)

I

CBO

FE

UM

Collector cut-off current
IE =0, VCB =10V

*Static forward current transfer ratio

IC=14mA, VCE= 10V

*Transition frequency

=14 = =
IC lmA,VCE 10V, f=500MHz

Collector capacitance
IE=Ie=O, VCB= 10V, f=1.0MHz

Emitter capacitance

IC=IC=0, VEB=0. S5V, f=1.0MHz

Feedback capacitance at T =25°%C
amb

IC=2.0mA, VCE=10V, f=1.0MHz

Noise figure at optimum source
impedance and Tamb:25°C

[C=2.0mA, VCE=10V, f =500MHz

Maximum unilateralized stage gain
atT =25°C
amb

Calculated from s-parameters:

2
Isfel
G =10log —————
UM 2 . 2
S T A P
IC=14mA, VCE=10V, f=500MHz

*Measured under pulsed conditions.

Min.

25

Typ.

50

5.0

0.5

0.8

0.4

2.4

19.5

BFR90

Max.

50 nA

- GHz

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )
Min. Typ. Max.

d, Intermodulation distortion at T =25°C
im amb

IC= 14mA, VCE= 10V, RL=7SQ, V.S.W.R <2
V =V =150mV at f =495.25MHz
p o p
V_ =V -6dBatf =503.25MHz
q o q
V_=V -6dBatf_=505.25MHz
T o r

measured at f =493. 25MHz - -60 - dB
(p+q-r1)

+24V

Intermodulation test circuit

L1=4 turns of Cu wire (0. 35mm), pum
winding pitch lmm, int.dia. 4mm
L2=L3=5uH o2 serms
% \ Gain versus frequency (mE?V) f] go:)JHL
\ ma X
\ Veg=10V {;:- -T(‘)?/ -
(dB) \ Ie=14mA 50 cesl0V L H
\ \ Tamp= 25°C Tamb=25°C[
O\ typ. values
20 AN
L N=5dB
CINTT4-5
A 2 nSN 4
N [N Mhee| 2 0 ~g.5
\ N\ Gum a. :I 24
2 NA A1/
10 Ste| - 4
NN 4
N 17
-
-50
0
0?2 ° M R TTVIT T 0 50 Gg(mA/V) 100

Constant noise figure circles

Mullard

BFRO0 Page 4



N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

D47V D715
11 1 1 TT11
T
100 Veg =10V lg=1.=0
T=25°C [ Cre T=25°C
(pF) f=1MHz
hre
75 08
50
] Typ. \
0.6 \
Typ.
25 h
R
0 0.4
0 10 20 I.(mA) 30 0 10 Veg(V) 20
D416 0L11?
6 8 1117
TTTTT
le=14mA
fr L fr f = 500MHz
(GHz) Typ. (GHz) T=25°C
4 1 6
1 Tve
ot
/
2 4 U
Veg =10V
f = 500MHz
T=25°C
TTTIT
0 EEEE 0
0 20 IimA) 40 0 10 VeelV) 20

Mullard
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10 D718
N
(dB) Veg=10V -
Ie=2mA ——
7.5 - Zs =opt. ——
Tamb=25°C ||
5 /
/ /
Typ.| 7
25 AT
0
5 2 s 7 2 y ]
10 1 f(GHz) 10
De719
15 TTTTTT
| ERREE
Veg=10V
N t=500MHz
(dB) Zg=optimum
Tamp=25°C
10
5
Typ. T
0 |
0 5 10 15 1c(mA) 20

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

Input impedance derived from
input reflection coefficient sjeo

coordinates in ohm x 50

Feedback coefficient Sre

90°
120° °
150% \
180° - - -
150° 30°
120° 50° 06721
9

0°

Mullard

BFR90 Page 7



Output impedance derived from
output reflection coefficient sqe
coordinates in ohm X 50

y 10

150°

120°
Forward transfer coefficient Ste

Mullard

90°

De723
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

BFR91

Silicon planar epitaxial n-p-n transistor in a plastic T -package. It is primarily
intended for use in u.h.f. and microwave amplifiers such as aerial amplifiers,
radar systems, oscilloscopes, spectrum analysers etc. The transistor features
very low intermodulation distortion, high power gain and excellent wideband pro-
perties combined with very high transition frequency and a low noise figure.

QUICK REFERENCE DATA
VCBO max. 15
VCEO max. 12 \%
IC max. 35 mA
= 20°,
Ptot max. (Tamb7 60°C) 180 mOW
Tj max. 150 C
fT typ. (Ic=30mA, VCE =5V, f=500MHz) 5.0 GHz
“Cre typ. (IC=2mA, VCE:DV' f=1Miiz) 0.8 pF
N typ. (IC=2mA, VCE=5V, f=500MHz) 1.9 dB
GUM typ. (IC =30mA, VCE =5V) f=500MHz 16.5 dB
typ. = = =
om P (IC 30mA, VCE SV, RL 75Q
V =300mV, f =493, 25MHz -60 dB
o (p+q 1)
OUTLINE AND DIMENSIONS
*— 6,2 min ~—e|
- 42 —e
DX
0,5 ¢
max —————
f;ll; -
¢ @)
up i 12,5 83
max min 7,7
L
b
8264 wlle - o0sma
--2“7 ‘—.(;:‘33 | 1,6 max
™ max T 04009

All dimensions in mm

Mullard
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RATINGS -

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max.

IC max.

o
P, max. (T, . =60°C)

Temperature

T
stg

T. max.
J

THERMAL CHARACTERISTIC

Rth(j -amb)
(see fig. 1)

—>]2min

=N
15m;T

in free air, mounted on a
glass-fibre print of 40 x 25 x lmm

f—— B —— o
5
la—
_i hote in
print

E‘min
E r_'b.Sm'ln

2min

}_

Fig.1

2.0

35

180

-65 to +150

150

0.5

EZmin r—
N

01091

Requirements for a glass-fibre print

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)
]

Min. Typ.
ICBO Colllec_tgr i:]ut»oj; c(l)l\;rent ) _
E ' 'cB 7
hFE *Static forward current transfer
ratio
=30 . =5.
IC mA VCE 5.0V 25 50
fT *Transition frequency
lc=30mA,VCE=S.0V,f=500MHz - 5.0
CTC Collector capacitance
IE=Ie=O, VCB=10V,f=1.OMHz - 0.7
CTe Emitter capacitance
IC=IC=0, VEB=O.5V,f:1.OMHz - 1.8
-C Feedback capacitance at T =25°c
re amb
IC=2.OmA.VCE=S.0V, f=1.0MHz - 0.8
N Noise figure at optimum source
impedance and T =25°C
amb
IC=2.OmA.VCE=S.0V,f=500MHz - 1.9
GUM Maximum unilateralized stage gain
at T =25°C
amb
Calculated from s-parameters:
2
G, =101log e
UM~ . 2 } 2
a lsie’ ) Isoel )
- =5.0V, f= - 6.
lC 30mA, VCE 5.0V, f=500MHz 16.5

“Measured under pulsed conditions.

Mullard

BFR91

Max.

50 nA

- GHz

pF

dB

dB

BFRO91 Page 3



04731

10
N
(dB) Veg=5V ]
Ic=2mA —1
7.5 Zs = Opt. —t—t
Tamp=25°C
5 //
Typ. /
25
-
0
. 2 s 7 2 B 7
10 1 f(GHz2) 10
D4&732
15 T
[TTTTT
Veg=5V
N f=500MHz
{dB) Zg= optimum
Tamp=25°C
10
5
Typ - =T
0 L
0 10 20 30 Ic{mA) 40

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

Input impedance derived from
input reflection coefficient s;o

90°
1202
150%
180° \
150°
120°
90°

coordinates in ohm x 50

VCE=5V
IC=30mA

o
T mb—25 C

Feedback coefficient Se

BFR91

Mullard
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\% E=5V
IC=30mA

o
Tamb =25C

Output impedance derived from
output reflection coefficient sge
coordinates in ohm x 50

VCE=5V

lC =30mA

0.
T, =25C

120° 60°

D¢736

1
o a
|

Forward transfer coefficient Ste

BFRO91 Page 8
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It
is primarily intended for use in u.h.f. and microwave amplifiers in thick and thin
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum

analysers, etc.

BFR92

cpo Max
ceo™¥*
IC max
P max.,
tot

T max.
]

f .
T oP

Cre WP

N typ.
um P
im VP

a.-=

20

15

25

=60°C) 180
150

14mA, VCE = 10V, f = 500MHz) S.
2mA, VCE =10V, f = IMHz) 0.
2mA, VCE =10V, f = S00MHz) 2.
14mA, VCE =10V, f = SO0OMHz) 18

= 14mA, VCE = 10V, RL = 75Q, vo =150mV,

f(p+q-r) = 493.25MHz, see also page 4) -60

QUICK REFERENCE DATA

mA
mW

GHz
pF
dB
dB

dB

OUTLINE AND DIMENSIONS - For details see page 2

2% x actual size

MARCH 1973

Mullard
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OUTLINE AND DIMENSIONS
All dimensions in millimetres

Plan view from above

RATINGS

Identification ccde:
P1=BFR92

5| E
. 0.01 min \ gq :
™ solgtier_ . L
m materia m
085 M <0.43 ax
1.2 max D397%
-

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max.

VCEO max.

VEBO max.

IC max.

ax., T
Ptotm ' “amb

substrate of 15 x 10 x 0. Smm

< 60°C, mounted on a ceramic

Temperature '

T
stg
’I‘j max.

THERMAL CHARACTERISTIC

Thermal resistance between junction
and ambient, the device mounted on
a ceramic substrate of 15 x 10 x 0. Smm

Rth (j-amb)

20 v
15 v
2.0 v
25 mA
180 mW
-65 to +150 °c
150 °c
[¢]
0.50 °c/mw

Mullard
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umin. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ.

ICBO Col[lec_tgr \clut -o=ff1 (;:‘llxrrent ) )

E ' 'CB
h *Static forward current

FE .
transfer ratio

IC=14mA, VCE=10V 25 50
f *Transition frequency
IC:14mA, VCE=10V, f =500MHz - 5.0
C Collector capacitance
1.=1 =0,V __=10V, f=1.0MHz - 0.75
E ‘e CB

C Emitter capacitance
IC=IC=0, VEB=0.5V, f=1.0MHz - 0.8

-C Feedback capacitance, T =25°C
amb

IC=2.0mA, VCE=10V, f=1.0MHz - 0.7
N tNoise figure at optimum source
impedance, Tam =250C

b
IC=2.0mA. v E=10V, f = 500MHz - 2.4

C
G Max. unilateralized stage gain at

UM T =259C, calculated from
amb

s -parameters:
2
| sfe[

(l-ls |2)(1—|

. s |
1e oe

GUM = 10 log 2)

IC=14mA, VCE=10V, f =5S00MHz - 18

*Measured under pulsed conditions.
tCrystal mounted in a BFR90 envelope.

Mullard

BFR92

Max.

50 nA

- GHz

BFRO92 Page 3




ELECTRICAL CHARACTERISTICS (Cont' d)

Min. Typ. Max.
d. Intermodulation distortion at T = 25°C
e [, =14mA, V. _ = 10V mb

C " "CE ’
RL =75Q, V.S.W.R., <2 - -60 - dB
V. =V =150mV at f = 495,25MHz

P o P
Vv =V _ -6dB at f = 503.25MHz

q o q
Vr = V0 -6dB at fr = 505. 25MlIz YR
Measured at f =493, 25MHz

(p+q-1)

Intermodulation test circuit:

L1 = 4 turns of Cu wire (0. 35mm),
winding pitch 1mm, int. dia.4mm
L2 = L3 = SuH

Circles of constant noise figure

D5244 04713

30 - Bs [TTTT
\ Gain versus frequency (MmA/V) f=500MHz |1
\ l l lc=2mA 1]
(dB) \ Veg =10V 50 Vee=10V |
\ \ Ic=14mA Tamb = 25°C ]
L Tams = 25°C %
20 \ Typ. values [
- =—-N=5dB
\ TINFF—4.5
v C =)
Ihhlz 0 ——3.5
8k Siicanmmine)
4
Gum =0 7
10 l’ |2 NN PT1 X
fe N T pd
P—p—t—"1
-50
0
102 103 1(MHz) 104 0 50 Gg(mA/V) 100

Mullard
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pmin. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

100

hFe

75

50

25

D4714

T I
BN
Veg=10V
— Tj=25°C —
/, Typ.
ml
—
1
0 10 20 I.(mA) 30
04716
ml 1
T Typ.
::Z 3~
1 ]
o R
U
—1
Veg =10V EEE
f =500MHz [ [ ||
n=25°c [ ]
E EREEEEEN
JEREE
0 20 I (mA) 40

0.8

0.6

0.4

Mullard

1T i

[T

Ig=1,=0

1j= 25°C
N {f =1MHz 1
SuliiinEnun
- | 1]
i
10 Vep(V) 20
04717

T
1 lc=14mA *tE
HEE f = 500MHz | |
T=25°C [
[ MZq
L Typ. —
/
14

1] 1]
10 VeeV) 20

BFRO2 Page S



10

N
(dB)

15

25

04718

Veg=10V F

Ic=2mA H

Zg=optimum T—

Tamb=25°C |

Typ.

107!

5
f(GHz2) 10

D¢719

P TTI]

ITTTTTT

VCE=‘OV

f=500MHz

Zs=optimum

Tamp=25°C

Typ.

Mullard

leimA) 20
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H min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

<

CE

—
Q

-

amb

Input impedance derived from
input reflection coefficient s,
coordinates in ohm x 50

<

CE

—
aQ

-

amb

Reverse transfer coefficient s

i

10V
14mA
25°%c

05246

€

00

90°
120° 60°
1000MHZ
[——800
o
150 Typ 30°
500
200 1
180° 0.05 0.10 015} o
-9
150° 30°
120° 60°
9

D5247

Mullard
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VCE = 10V

I = 1l4mA

@]

0
Tamb = 25C

Output impedance derived from
output reflection coefficient s
coordinates in ohm x 50

1 D5248

VCE = 10V
14mA

IC ;

Tamb = 25C

150° 30°

120° 60° l

Forward transfer coefficient s o
fe 90 D5249

Mullard |
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min. N-P-N SILICON PLANAR
EP!TAXIAL U.H.F. TRANSISTOR BFR93

Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It
is primarily intended for use in u.h.f. and microwave amplifiers in thick and thin
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum
analyers, etc.

QUICK REFERENCE DATA

VCBO max. 15 \
CEO max. 12 \Y
[C max. 35 mA
Ptot max. (Tamb =60°C) 180 mW
T, max. 150 °c
f’I‘ typ. ([C = 30mA, VCE =5V, f=500MHz) 5.0 GHz
Co WP (I5= 2mA, V=5V, f=IMHz) 0.8 pF
N typ (IC— 2mA, VCE:SV' f = SOOMHz) 1.9 dB
UM typ ([C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>