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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 7: Bipolar transistors

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60747-7 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition published in 1988, its
amendments 1 (1991) and 2 (1994). This second edition constitutes a technical revision.

This standard is to be read in conjunction with IEC 60747-1.

The text of this standard is based on the first edition, amendment 1, amendment 2 and the
following documents:

FDIS Report on voting

47E/150/FDIS 47E/162/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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SEMICONDUCTOR DEVICES -

Part 7: Bipolar transistors

Introductory note

As a rule, it will be necessary to use IEC 60747-1 together with the present publication. In
IEC 60747-1, the user will find all basic information on:

— terminology;

— letter symbols;

— essential ratings and characteristics;

— measuring methods;

— acceptance and reliability.

1 Scope

The present standard gives the requirements applicable to the following sub-categories of
bipolar transistors:

— low power signal transistors (excluding switching applications);

— power transistors (excluding switching and high-frequency applications);
— high-frequency power transistors for amplifier and oscillator applications;
— switching transistors.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60747. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60747 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60747-1:1983, Semiconductor devices — Discrete devices and integrated circuits — Part 1:
General
Amendment 3 (1996)
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3 Terms and definitions
3.1 Types of bipolar transistors

3.1.1
junction transistor
transistor having a base region and two or more junctions

NOTE The operation of a junction transistor depends upon the injection of minority carriers into the base region.

3.1.2

bi-directional transistor

transistor which has substantially the same electrical characteristics when the terminals
normally designated as emitter and collector are interchanged

NOTE Bi-directional transistors are sometimes called symmetrical transistors. This term, however, is deprecated
as it might give the incorrect impression of an ideally symmetrical transistor.

3.1.3

tetrode transistor

four-electrode transistor, usually a conventional junction transistor having two separate base
electrodes and two base terminals

3.2 General terms

3.2.1 Specific physical regions (of a junction transistor)

3.2.1.1

collector region

physical region that is designed by the manufacturer to contain in the normal operating mode
the collection region and which, in a simple discrete transistor, is externally accessible by the
designated collector terminal

3.2.1.2

emitter region

physical region that is designed by the manufacturer to contain in the normal operating mode
the supply region and which, in a simple discrete transistor, is externally accessible by the
designated emitter terminal

3.2.1.3

base region

physical region located between the collector junction and the emitter junction and containing
the control region and which, in a simple discrete transistor, is externally accessible by the
designated base terminal

3.2.1.4
collector(-base) junction
transition region between the collector region and the base region

3.2.1.5
emitter(-base) junction
transition region between the emitter region and the base region
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3.2.1.6

collector terminal

specified externally available point of connection to the collector electrode and collectc
region

3.2.1.7
emitter terminal
specified externally available point of connection to the emitter electrode and emitter region

3.2.1.8
base terminal
specified externally available point of connection to the base electrode and base region

3.2.2 Specific functional regions

3.2.2.1

functional collector region

collection region that acquires principal-current charge carriers from the functional bas
region through the (collecting) junction between it and the functional base region

NOTE In the normal operating mode, this functional region is located in the collector region and, in the invers
operating mode, in the emitter region.

3.2.2.2

functional emitter region

supply region that delivers principal-current charge carriers into the functional base regio
through the (emitting) junction between it and the functional base region

NOTE In the normal operating mode, this functional region is located in the emitter region and, in the invers
operating mode, in the collector region.

3.2.2.3

functional base region

control region through which the principal current passes and in which the concentration ¢
principal-current charge carriers is the result of an applied base current

3.2.2.4

collector(-base) space-charge region;

collector(-base) depletion layer

space-charge region between the functional collector region and the functional base region

3.2.2.5

emitter(-base) space-charge region;

emitter(-base)depletion layer

space-charge region between the functional emitter region and the functional base region
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3.3 Circuit configurations

3.3.1

common base

circuit configuration in which the base terminal is common to the input circuit and to the output
circuit and in which the input terminal is the emitter terminal and the output terminal is the
collector terminal

3.3.2

inverse common base

circuit configuration in which the base terminal is common to the input circuit and to the output
circuit and in which the input terminal is the collector terminal and the output terminal is the
emitter terminal

3.3.3

common collector

circuit configuration in which the collector terminal is common to the input circuit and to the
output circuit and in which the input terminal is the base terminal and the output terminal is
the emitter terminal

3.34

inverse common collector

circuit configuration in which the collector terminal is common to the input circuit and to the
output circuit and in which the input terminal is the emitter terminal and the output terminal is
the base terminal

3.35

common emitter

circuit configuration in which the emitter terminal is common to the input circuit and to the
output circuit and in which the input terminal is the base terminal and the output terminal is
the collector terminal

3.3.6

inverse common emitter

circuit configuration in which the emitter terminal is common to the input circuit and to the
output circuit and in which the input terminal is the collector terminal and the output terminal
is the base terminal

3.4 Terms related to ratings and characteristics

3.4.1

punch-through voltage

value of the collector-base voltage above which the open-circuit emitter-base voltage
increases almost linearly with increasing collector-base voltage

NOTE 1 At this voltage, the collector depletion layer extends through the base to the emitter depletion layer.

NOTE 2 "Reach-through voltage" is a term also in the USA.

~10-
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3.4.2
saturation voltages

3.4.2.1

collector-emitter saturation voltage

voltage between the collector and emitter electrodes under conditions of base current or
base-emitter voltage beyond which the collector current remains essentially constant as the
base current or voltage is increased

NOTE This is the voltage between the collector and emitter electrodes when both the base-emitter and base-
collector junctions are forward biased.

3.4.2.2

base-emitter saturation voltage

voltage between the base and emitter electrodes under conditions of base current or base-
emitter voltage beyond which the collector current remains essentially constant as the base
current or voltage is increased

NOTE This is the voltage between the base and emitter electrodes when both the base-emitter and base-collector
junctions are forward biased.

3.4.3

cut-off current (reverse current)

reverse current of the base-collector junction (or base-emitter junction) when the emitter
(or the collector) is open-circuited, the reverse voltage being specified

3.4.4

collector series resistance

resistance between the collector terminal and the internal inaccessible collector point in an
equivalent circuit

3.4.5

emitter series resistance

resistance between the emitter terminal and the internal inaccessible emitter point in an
equivalent circuit

3.4.6

saturation resistance

resistance between collector and emitter terminals under specified conditions of base current
and collector current when the collector current is limited by the external circuit

NOTE The saturation resistance may be determined either as the ratio of total voltage to total current or as the
ratio of differential voltage to differential current; the method of determination has to be specified.

3.4.7

extrinsic base resistance

resistance between the base terminal and the internal inaccessible base point in an
equivalent circuit

3.4.8

emitter depletion layer capacitance

part of the capacitance across an emitter-base junction that is associated with its depletion
layer

NOTE The emitter depletion layer capacitance is a function of the total potential difference across the depletion
layer.

—11-
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3.4.9

collector depletion layer capacitance

part of the capacitance across a collector-base junction that is associated with its depletion
layer

NOTE The depletion layer capacitance is a function of the total potential difference across the depletion layer.

3.4.10

delay-time (of a switching transistor)

time interval between the application at the input terminals of a pulse which is switching the
transistor from a non-conducting to a conducting state and the appearance at the output
terminals of the pulse induced by the charge carriers

NOTE The time is usually measured between points corresponding to 10 % of the amplitude of the applied pulse
and of the output pulse respectively (see figure 1).

3.4.11

rise time (of a switching transistor)

time interval between the instants at which the magnitude of the pulse at the output terminals
reaches specified lower and upper limits, respectively, when the transistor is being switched
from its non-conducting to its conducting state

NOTE The lower and upper limits are usually 10 % and 90 % respectively of the amplitude of the output pulse
(see figure 1).

3.4.12

carrier storage time (of a switching transistor)

time interval between the beginning of the fall of the pulse applied to the input terminals and
the beginning of the fall of the pulse generated by charge carriers at the output terminals

NOTE The time is generally measured between the 90 % values of the two pulse amplitudes (see figure 1).

3.4.13

fall time (of a switching transistor)

time interval between the instants at which the magnitude of the pulse at the output terminals
reaches specified upper and lower limits respectively, when the transistor is being switched
from its conducting to its non-conducting state

NOTE The upper and lower limits are usually 90 % and 10 % respectively of the amplitude of the output pulse
(see figure 1).

—12—
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Applied pulse
(idealised wave shape)

Output pulse
(idealised wave shape)

ty = delay time t, rise time

—
-
1

fall time tg = carrier storage time

Pulse Spike caused by a current Output pulse
: hich i t charge carrie
amplitude ;I:\dluce:is not charge carrier (practical wave shape)
IEC 2321/2000
Figure 1 — Switching transistor pulse characteristic
3.4.14

maximum frequency of oscillation
maximum frequency at which a transistor can be made to oscillate under specified conditions

NOTE This frequency approximates the frequency at which the maximum available power gain has decreased to
unity.

3.4.15

transition frequency (f1)

product of the modulus of the common-emitter small-signal short-circuit forward current
transfer ratio |ho1e| and the frequency of measurement, this frequency being so chosen that
|lho1e| is decreasing at a slope of approximately 6 dB per octave

13—
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3.4.16

frequency of unity current transfer ratio (f1)

frequency at which the modulus of the common-emitter small-signal short-circuit forw
current transfer ratio |h21¢| has decreased to unity

3.4.17
current transfer ratio; current amplification factor

3.4.17.1

small-signal short-circuit forward current transfer ratio

ratio between the alternating output current and the small sinusoidal input current producir
under small-signal conditions, the output being short-circuited to a.c.

3.4.17.2

static value of the forward current transfer ratio

ratio between the continuous (direct) output and the continuous (direct) input current,
output voltage being held constant

3.4.17.3

inherent (large-signal) forward current transfer ratio

difference between the continuous (direct) collector current and the collector-base cut
current divided by the sum of the continuous (direct) base current and the collector-base
off current at a specified constant value of the collector-emitter voltage

3.4.18

small-signal open-circuit reverse voltage transfer ratio

ratio of the alternating voltage appearing at the input terminals, when they are a.c. of
circuited, to the alternating voltage applied to the output terminals, under small-sic
conditions

3.4.19

transient current ratio in saturation (of a switching transistor)

guotient of the collector current suddenly demanded from a transistor and the minimum b
current necessary to hold it in saturation

3.4.20

Early voltage Vgy (for computer-aided circuit design)

voltage corresponding to the point derived from the graph of collector current versus collec
to-emitter voltage, with the base current as a parameter, where the output characteri
extrapolates back to the voltage axis

NOTE The Early voltage is approximately independent of the actual value of the base current (see figure 2).

14—
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Figure 2 — Early voltage

3.5 s parameters
3.5.1 General introduction

The s parameters are defined by the following two equations:

bi=sij;a;+sppa

(1)

by =sp1a;+sppa

where a; and a, are the incident wave quantities, b; and b, the reflected wave quantities, all
having the dimension (Watt)1/2,

The s parameters can be used for general two-port networks, including the special case of a
four-pole network. In this latter case, aj and b; are defined as:

o Vi +ZOi Ii
=1
2/|Roi | o)
b, = Vi — Zoi li
2,|Roi |
where
i =1or2andRgj=0;
Zgi =Roji +Xo;;
Zg; =Rpi —Xqj-

(See figure 3.)
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Figure 3 — Circuit with four-pole network

Zo1 and Zgo are the reference impedances at the input and output, respectively.
In the general case, they are complex quantities.

For the use of s parameters for the specification of transistors mainly at VHF and UHF,
Zo1 = Zg2 = Rg (which, in most cases, will equal 50 Q).

The equations (1) can then be written in the following form:

V1 —Rol1 =511 (V1 + Rol1) +s12 (V2 + Rol2)

(3)

V2 = Rol2 = s21 (V1 + Rol1) + 522 (V2 + Rol2)
Both equations (1) and (3) can now be used to show the meaning of the s parameters:

ratio of the complex value of the reflected wave at the input to that

S11 = b of the incident wave at the input, the output terminating resistance
a; ) witha, =0 and the source resistance each having the value Rg
_ [Vi-Rohh _141-Ro
Vl + Roll with (V2 = _ROIZ) Zl + RO with (7\(—2 = RO]
2

reflection factor of the input impedance referred to Rg, the output being terminated by Rg

Analogously:

Sp2 = ratio of the complex value of the reflected wave at the output to that of the incident
wave at the output, the input terminating resistance and the source resistance each
having the value Rq

= reflection factor of the output impedance referred to Rg, the input being terminated by Rg

16—
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In addition:

b ratio of the complex value of the transmitted wave at the output to
Spy = 22 that of the incident wave at the input, the output terminating

a, ) witha, =0 resistance and the source resistance each having the value Ry

_ [ V2 —Rolz _| V2
Vl + Roll with (V5 = =Rgl,) 1 VlO with [_\I/_z = Roj
2

ratio of the output voltage V, to half the open-circuit source voltage Vg, with source
and load resistances each having the value Ry

Analogously:

s12 = ratio of the complex value of the transmitted wave at the input to that of the incident
wave at the output, the input terminating resistance and the source resistance each
having the value Rq

= ratio of the input voltage V; to half the open-circuit source voltage V,qg, with source
and load resistances each having the value Rg

3.5.2 Definitions

The following definitions are given for the general case. For transistors, different values of
these parameters may be obtained according to the configuration used, and for small- and
large-signal conditions.

3.5.2.1

input reflection coefficient (s11)

ratio of the complex-value of the reflected wave at the input to that of the incident wave at the
input, under small-signal conditions, the output terminating resistance and the source
resistance each having the value Rg

NOTE This is equivalent to the reflection factor of the input impedance Z; of the transistor with respect to the
source resistance Ry, the output being terminated by Rg.

3.5.2.2

output reflection coefficient (sy5)

ratio of the complex value of the reflected wave at the output to that of the incident wave at
the output, under small-signal conditions, the input terminating resistance and the source
resistance each having the value Rg

NOTE This is equivalent to the reflection factor of the output impedance Z, of the transistor with respect to a
resistance Ry, the input being terminated by Ry.

3.5.2.3

forward transmission coefficient (s21)

ratio of the complex value of the transmitted wave at the output to that of the incident wave at
the input, under small-signal conditions, the output terminating resistance and the source
resistance each having the value Rg

NOTE This is equivalent to the ratio of the complex value of the output voltage to that of half the open-circuit
source voltage when the transistor is terminated at the output by a resistance Ry and fed at the input from a source
having a resistance R.

17—
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3.5.24

reverse transmission coefficient (s12)

ratio of the complex value of the transmitted wave at the input to that of the incident wave at
the output, under small-signal conditions, the input terminating resistance and the source
resistance each having the value Rg

NOTE This is equivalent to the ratio of the complex value of the input voltage to that of half the open-circuit
source voltage when the transistor is terminated at the input by a resistance Ry and fed at the output from a source
having a resistance Rg.

General note

The resistance Rg shall be the same for all four s parameters and usually will have the value 50 Q.

The above definitions, which infer ohmic source and terminating resistances, may not be
practical for some classes of transistors (e.g. MOS field-effect transistors).

3.5.2.5

frequency of unity forward transmission coefficient (fg, f1s)

frequency at which the modulus of the forward transmission coefficient s,1 has decreased to
unity

3.5.3 Application of the s parameters

The s parameters as defined in 3.5.2 can be used, for example, as follows.

3.5.3.1 Relation of s parameters with other parameters (y, z, h)

The following matrix equivalences hold:

() = 1 [(1—s171 +Spp —det s) — 2515
RO (1+ S11 +Soo + det S) |~ 2521 (1+ S11 — S22 — det S)
(2) = Ro [(1+ 517 — Spp — det ) 251,
1-5;1 -5y, +dets 2551 (1- 511 + Spp — det s)
_(1+ S11 +Soo + det S) 2512
1
h) = 1
(h) 1-511 +S» —det s — 25y R_(l_sll_SZZ + det S)
L 0

det y = 1 1-S17 —Sy, +dets
ROZ 1+Sll+322 +det s

det 7 = R2 1+511+322 + det s

0 1—511—522 + det s

det h - 1+811 —Syy —dets

1—511 + Soo —det s

18—
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3.5.3.2 Conversion of s parameters to other parameters (y, z, h)

The following equivalences hold:

yi = S12521 + (1= 511 )(1+ 522 )—i
(1+5s19)1+522) - 512521 | Ro

Yi2 = _ — 2512 | L
| (1-s11)(1+ 52 ) 512521 | Ro

Yo1 = _ — 2521 | —
| (14511 )(1+ 525 ) — 512521 | Ro

Yoy = {512521 +(1+5y4)(1- 522)}i
(1+s19)(L+52)-512521 | Ro

hyy = [(1+ S1 )L+ 855)~ 12821 ]R

$12S21 + (1511 J1+527)

h _ 2312
12 | S10521(1-511 1 +59,) |
h i - 2321 i
2 | S12S01(1— 5911 +577)

(1-sy3)1-5p)-s128m | 1

hoo = l:
12821 + (1813 )(1+52) | Ro

2y = l:(1+ S11)(1— S22 ) + 512821 _Ro
(1-s19)(1-522)-s12521 |

2512

| (1-s19)(1-522) — 512821 |

2521
Zy) = Ro

| (1-s11)(1- 520 ) 512821 |

(1+595 )(1-511)+S12S01 R
0
(1-s11)(1-592)-S1257

Z22
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3.5.3.3 Use of s parameters for the direct computation of transistor amplifier characteristics

ri = input reflection factor referred to Rg, for a load impedance Z; defined by the load
reflection factor r

I S12S
_ 511+L1221

1- M. Soo
Z1 -Rp
Zl + Ro

ZL —Ro
ZL+RO

ro = output reflection factor referred to Rg, for a source impedance Zg defined by the source
reflection factor rg

[aS15S
sy, 4 612521
1-rgsnn
Z; —-Ryg
rp = ——2
22+R0
Zg —Ro
= ———
ZG+R0

L -1 So1ll—r
A; = current amplification = —2 = 21(1-1)

Iy (1-s11)-r(spp —det s)

. g . V S 1—-r1
Ay = voltage amplification =12 _ 21( L)

Vi (L+s57)-r (sy, +dets)

2 1ol f ool -

=[av] =l

1P h-n

Py
P

Gp = power gain =
2 2
|1— r|_522| - |511 —-n dets

- (1 )(1-1n[?)

Gt = transducer gain = |s
! bz [1-resia)i-ris22) - rarsiasa

Conditions of unconditional stability:

1—|311|2 —|322|2 + |det s|2

>1
2ls125 1]

1—|511|2 —[s12521] > O

1—|522|2 —[s12521] > O
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4 Letter symbols

Mostly, existing letter symbols are added to the terms in titles. When several distinct forms
exist, the most commonly used form is given.

4.1 Letter symbols for currents, voltages and powers
4.1.1 General

Clause 2 of IEC 60747-1, chapter V applies.

4.1.2 Additional subscripts

In addition to the list of recommended general subscripts given in 2.2.1 of IEC 60747-1,
chapter V, the following special subscripts are recommended for the field of bipolar
transistors:

B, b = base terminal

C,c = collector terminal

E, e = emitter terminal

fl = floating

pt = punch-through (penetration, reach-through)
R (not as a first subscript) = specified resistance

sat = saturation

X = specified circuit

4.2 Letter symbols for electric parameters
4.2.1 General

Clause 3 of IEC 60747-1, chapter V applies.

4.2.2 Additional subscripts

In addition to the list of recommended general subscripts given in 3.3.1 of IEC 60747-1,
chapter V, the following special subscripts are recommended for the field of bipolar
transistors:

B, b = base; common-base configuration

C, c = collector; common-collector configuration
E, e = emitter; common-emitter configuration

L = large signal

sat = saturation

S,s = storage

T = transition

4.3 Letter symbols for other quantities
4.3.1 General

Clause 4 of IEC 60747-1, chapter V applies.
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4.4 List of letter symbols

The symbols contained in the following list are recommended for use in the field of bipolar
transistors; they have been compiled in accordance with the general rules.

4.4.1 Voltages

Name and designation Letter symbol Remarks
Collector-base (d.c.) voltage Vg
Collector-emitter (d.c.) voltage Vce
Emitter-base (d.c.) voltage Veg
Base-emitter (d.c.) voltage Vge
Collector-base (d.c.) voltage Vceo
with I = 0 Ic specified
Emitter-base (d.c.) voltage VEgoO
with Ic =0 Ig specified
Collector-emitter (d.c.) voltage Vceo
with Ig = 0 Ic specified
Collector-emitter (d.c.) voltage VceR
with Rgg = R Ic specified
Collector-emitter (d.c.) voltage VcEs
with Vgg = 0 Ic specified
Collector-emitter (d.c.) voltage Vcex

with Vgg = X specified
(reverse biased emitter-base

junction) Ic specified

Breakdown voltages (open-circuit) V(gR)...0 The abbreviation BV is in common use for
these quantities.

Breakdown voltage, collector-base - V(BRrR)CBO

with I = 0 Ic specified

Breakdown voltage, emitter-base V(8R)EBO

with Ic =0 Ig specified

B_reakdown voltage, collector-emitter - V(8R)cEO

with Ig = 0 Ic specified

Breakdown voltage (specified circuit) The abbreviation BV is in common use
for these quantities.

Breakdown voltage, collector-emitter V(8R)CER

with Rgg = R Ic specified

Breakdown voltage, collector-emitter V(BR)CEX

with Vgg = X specified Ic specified

Breakdown voltage (short-circuit) V(&R)...s The abbreviation BV is in common use
for these quantities.

Breakdown voltage, collector-emitter V(8Rr)cES

with Vg = 0 Ic specified

Floating voltage, emitter-base VEgti

with Ig = 0 Vg specified

Punch-through (penetration) voltage A

Saturation voltage, collector-emitter VcEsat

with |5 specified Ic specified

Saturation voltage, base-emitter VBEsat

with Ig specified Ic specified
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Name and designation Letter symbol Remarks
Base (d.c.) current Ig
Collector (d.c.) current Ic
Emitter (d.c.) current e
Collector cut-off current lcBo
with Iz = 0 Vg specified
Collector cut-off current lceo
with I3 = 0 Vg specified
Collector cut-off current lego
with Ic =0 Vg specified
Collector cut-off current lcER
with Rgg = R Vg specified
Collector cut-off current lces
with Vgg = 0 Vg specified
Collector cut-off current lcEx
with VBE =X VCE Specified
Base cut-off current IgEX
with Vgg = X Ve specified
4.4.3 Powers
Name and designation Letter symbol Remarks
Collector power dissipation Pc
with Tymp Or Tease Specified
Total input power (d.c. or average) Piot
to all electrodes
with Tymp OF Tease Specified
4.4.4 Electrical parameters
4.4.4.1 Static parameters (specified for bias conditions)
Name and designation Letter symbol Remarks
Static value of the forward current transfer ratio hoq1g Or heg e lg ) _
(in common-emitter configuration) ho1e =E =E_1 with Vg = constant
Static value of the input resistance hi1g or hig Vge .
(in common-emitter configuration) hie = . with Vg = constant
B
Inherent (large-signal) forward current hoqgL OF heg lc —lcgo .
transfer ratio hy1gp = ——— with Vg = constant
Is +lceo
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4.4.4.2 Small-signal parameters (specified for bias and frequency conditions)

Name and designation

Letter symbol

Remarks

Small signal value of the short-circuit
input impedance:

—in common-emitter configuration h or h; V, .
tte = e hyje = % with Ve = constant
b
— in common-base configuration h or h; V]
11 = T hy1p = IEb with V, = constant
e
Small-signal value of the open-circuit
reverse voltage transfer ratio:
— in common-emitter configuration h orh V, .
12e = Tre h;ye =—22 with I, = constant
VCE
— in common-base configuration h orh vV
g 12b = Db hyop = —22 with |, = constant
cb
Small-signal value of the short-circuit
forward current transfer ratio:
— in common-emitter configuration h orh |
9 21e = Te ho1e :Ii with V., = constant
b
— in common-base configuration h orh |
g 21p o ha1p =Ii with V¢, = constant
e
Small-signal value of the open-circuit
output admittance:
— in common-emitter configuration hose OF hge Ie )
hye = with I, = constant
VCE
— in common-base configuration hoop OF hgp I )
hyop = with |, = constant
Vcb
Real part of the small-signal value hi1e =Re(M1e) +IMm(hy1e)
of the short-circuit input impedance:
— in common-emitter configuration Re(hyqe) hyap = Re(hyyp) + Im(hygy )
— in common-base configuration Re(hyqp)
Imaginary part of the small-signal value Im (h“e)
of the short-circuit input impedance:
— in common-emitter configuration Im(hqqe)
— in common-base configuration Im(hygp)
e

Re (hye)

Input capacitance, output short-circuited
to a.c.:

— in common-emitter configuration

— in common-base configuration

Clles or Cies

Ci1bs OF Cips

hi1e 2Re(hy10) +-
1le 1le J(Dclles

1
hyp = Re(hyyy ) + ———
Jol11ps

Input capacitance, output open-circuited to a.c.:
— in common-emitter configuration

— in common-base configuration

Clleo or Cieo
C11bo O Cipo
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4.4.4.2 (continued)

Name and designation Letter symbol Remarks

Output capacitance, input open-circuited

toa.c.:

— in common-emitter configuration C22e0 Or Cpeo | hooe = Re(hyoe) + j@Cooeq

— in common-base configuration C22b0 OF Copo | hoop = Re(hyop) + j@Cospg
Output capacitance, input short-circuited

to a.c.:

— in common-emitter configuration C22es OF Coes | Y22e = Re€(Ya2e) + j0Cones

— in common-base configuration C22bs O Cops | Yaop = Re(Yazp) + j®Coops

Reverse transfer capacitance, input
short-circuited to a.c.:

— in common-emitter configuration C1oes OF Cres
— in common-base configuration C1ops OF Crpg
Collector-base capacitance for transistors Cocb
with isolated device terminals and a separate

screen lead

Small-signal value of the short-circuit input

admittance:
— in common-emitter configuration Yi1e OF Yie ly
Yite =V with Ve = constant and y;;, = h
be 1le
— in common-base configuration Y11b OF Yip le

with V., = constant and yqq, =

Yib =
eb hllb

Small-signal value of the short-circuit
reverse transfer admittance:

— in common-emitter configuration Y12e OF'Y | .
1ze =7 Jre Yize = V—b with Vp, = constant
ce
— in common-base configuration Y12b OF Yip .
Yiop = with Vg, = constant
cb
Small-signal value of the short-circuit
forward transfer admittance:
— in common-emitter configuration Ya1e OF Yte c .
Yotle =V with V.. = constant
be
— in common-base configuration Y21b OF Yt c .
Yo1p =V with V., = constant
eb
Small-signal value of the short-circuit
output admittance:
— in common-emitter configuration Y226 OF Yoe .
Yooe = with Ve = constant
ce
— in common-base configuration Y22b OF Yob .
Yoop = with Vg, = constant
cb
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4.4.4.2 (continued)

Name and designation Letter symbol Remarks
Modulus of the short-circuit reverse transfer Im(
: Y12e)
admittance:
A
— in common-emitter configuration |Y12e| or |Yre|
— in common-base configuration |Y12b| or |yrb|
Phase of the short-circuit reverse transfer yne
admittance:
— in common-emitter configuration Py12e OF Pyre ? Yi2e N
— in common-base configuration Py12b OF Pyrpy Re (V496
Modulus of the short-circuit forward transfer Im(Y21e)
admittance: A
— in common-emitter configuration |Y21e| or |Yfe|
— in common-base configuration |y21b| or |be|
(J
Phase of the short-circuit forward transfer 2
admittance:
. . ) . ?Yote =
— in common-emitter configuration Py21e OF Pyfe > >
. . . Re (,V21e)
—in common-base configuration Py21b OF Pyip

Input reflection coefficient:

— in common-emitter configuration S11e Of Sje
— in common-base configuration S11p OF Sip
— in common-collector configuration S11¢c OF Sic

Output reflection coefficient:

— in common-emitter configuration S2e OF Sge
— in common-base configuration Soop OF Spp
— in common-collector configuration Sooc OF Sgc

Forward transmission coefficient:

— in common-emitter configuration Ss1e OF Ste
— in common-base configuration So1p OF Sgp
— in common-collector configuration Soqc OF Sgc

Reverse transmission coefficient:

— in common-emitter configuration S12e OF Spe
— in common-base configuration S1op OF Spp
— in common-collector configuration S1o¢ OF Sy¢
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4.4.4.3 Modified hybrid = equivalent circuit parameters

NOTE This equivalent circuit is only a first order approximation, valid for most transistors over a certain frequency

range.
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Name and designation Letter symbol Remarks
Base intrinsic resistance Tob’
Intrinsic base-emitter conductance Ope
Intrinsic base-emitter capacitance Chre
Intrinsic base-collector capacitance Cpc
Intrinsic transconductance Om
Base-collector capacitance Che
4.4.5 Frequency parameters
Name and designation Letter symbol Remarks

Cut-off frequency:

— in common-emitter configuration

fha1e OF fhre

— in common-base configuration

fha1p OF faip

— in common-collector configuration

fha1c OF fage

Frequency of unity current transfer ratio f1 f, = f for |h21e| =1

Transition frequency fr fr = f x |h21e|
(hy1e is measured in a region where the roll-
off is 6 dB/octave)

Maximum frequency of oscillation fmax

Frequency of unity forward transmission

coefficient:

— in common-emitter configuration fser fise fge = f for |5218| =1

— in common-base configuration fsbr f1sb fy, = f for |521b| =1

—in common-collector configuration fser f1sc fo. = f for |3210| =1
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Name and designation Letter symbol Remarks
0s
7o
Pulse average time tw
100
50
. 0 .
Pulse time t ¢
p Time
tw
i
or
v
Duty cycle D, 5
L Time
[
T
[ RER—
{
t
Duty cycle = T
(o]
Time
Delay time ty 10
90
100 A
Input pulse
Rise time t, %
%
Carrier storage time tg Output pulse
100
90
10
0 .
Fall time t L ts Time
ty ts
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Name and designation Letter symbol Remarks
Turn-on time ton tg + t;
Turn-off time toff tg + 1
Emitter depletion layer capacitance Cre
Collector depletion layer capacitance Cqe
Stored charge Qs
Transient current ratio in saturation N51Esat OF NEEsat
Collector-emitter saturation resistance:
— small-signal value lcesat
— large-signal value lCEsat
4.4.7 Sundry quantities
Name and designation Letter symbol Remarks
Noise N, n
Noise figure F, F,
Noise current In
Noise voltage Vi
Noise power Pn
Effective noise bandwidth B
Amplification A
Current amplification A A
Voltage amplification Ay A,
Gain G
Power gain Gp Gy
Insertion power gain G, G
Transducer power gain Gt Gy
Available power gain Ga G,
Efficiency n
Collector efficiency e
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4.4.8 External circuit parameters

Name and designation Letter symbol Remarks
Emitter (d.c.) voltage supply VEee
Base (d.c.) voltage supply Vgg
Collector (d.c.) voltage supply Vee
External emitter resistance Re
External base resistance Rp
External collector resistance Rc
External resistance connecting base to emitter Rge
Generator resistance Rg
Load resistance Ry
Load capacitance C.

4.4.9 Matched-pair bipolar transistors

Name and designation Letter symbol Remarks
Ratio of static values of common-emitter hee1/hee2 The smaller of the two values is taken as
forward current transfer ratio hs1g1/h21E2 the numerator
Difference between base-emitter voltages Vee1 — VBE2 The smaller value is subtracted from the
larger value
Change in difference of base-emitter voltages |A(VBE1 _VBE2)|AT
between two temperatures

5 Essential ratings and characteristics

5.1 Low-power signal transistors (excluding switching applications)
5.1.1 General
5.1.1.1 Range of application

The following subclauses give the requirements applicable to low-power signal transistors
applicable for operation at either high or low frequencies.

5.1.1.2 Rating methods

Low-power signal transistors should be specified as ambient-rated or as case-rated devices.

5.1.1.3 Recommended temperatures

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at another specified temperature. Unless otherwise stated, the other temperature should
be chosen by the manufacturer from the list in clause 5 of IEC 60747-1, chapter VI.
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5.1.2 Ratings (limiting values)

The following ratings shall be stated.

5.1.2.1 Temperatures

5.1.2.1.1 Range of operating temperatures, ambient or case (Tamp O Tcase)
5.1.2.1.2 Range of storage temperatures (Tstg)

5.1.2.2 Voltages and currents

The voltage and current ratings given must cover the operation of the device over the rated
range of operating temperatures. Where such ratings (e.g. forward current, reverse voltage,
etc.) are temperature dependent, this dependence shall be indicated.

The values of the following ratings apply for both continuous and peak conditions.
5.1.2.2.1 Maximum collector-base voltage with zero emitter current (Vcgo)
5.1.2.2.2 Maximum collector-emitter voltage with zero base current (Vcgo)
5.1.2.2.3 Maximum emitter-base reverse voltage with zero collector current (Vego)
5.1.2.2.4 Maximum collector current (I¢)

5.1.2.2.5 Maximum emitter current (where appropriate) (Ig)

5.1.2.2.6 Maximum base current (where appropriate) (Ig)

5.1.2.3 Power dissipation

Maximum total power dissipation as a function of temperature over the range of operating
temperatures, or

maximum thermal resistance, junction to case or junction to ambient, maximum virtual
(equivalent) junction temperature and maximum value of power dissipation

Any special requirements for ventilation and/or mounting shall be specified.

5.1.3 Characteristics
5.1.3.1 General

The following parameters shall be stated. The values shall be stated at one of the voltages
and/or currents taken from the list in clause 6 of IEC 60747-1, chapter VI.
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5.1.3.2 Collector-base cut-off current (reverse current) (Icgo)

5.1.3.2.1 Maximum value at 25 °C at the rated maximum collector-base voltage

5.1.3.2.2 Maximum value at a specified collector-base voltage, at a high operating
temperature and at approximately zero power dissipation. The temperature shall be chosen
from the list in clause 5 of IEC 60747-1, chapter VI.

5.1.3.3 Emitter-base cut-off current (reverse current) (Iggo)

Maximum value at 25 °C and at a specified emitter-base voltage

5.1.3.4 Collector-emitter saturation voltage (Vcgesat)

Maximum value, or typical value as appropriate (see note), at 25 °C and at specified collector
and base currents

NOTE For special cases (e.g. some high-frequency applications) where this characteristic is not essential, only a
typical value for Voggqt may be given.

5.1.3.5 Base-emitter voltage (Vgg)

Typical value and, where appropriate, maximum value at 25 °C, at specified collector current
and specified collector-emitter voltage

5.1.3.6 Static value of the common-emitter forward current transfer ratio
(output voltage held constant) (hy1g)

Minimum value and, where appropriate, maximum value (see note) at 25 °C, at specified
collector-emitter voltage and specified collector current

NOTE For special cases (e.g. some high-frequency applications) where this characteristic is not essential, only a
minimum value for h,4g is required.

5.1.3.7 Low-frequency small-signal parameters (common-emitter)

The following h parameters shall be stated at 25 °C, at a frequency at which there are no
appreciable reactive components, and under specified d.c. bias conditions:

hi1e Or hje = input resistance with output short-circuited to a.c. (where appropriate)

minimum and maximum values

ho1e Or hfe = forward current transfer ratio with output short-circuited to a.c.
(where appropriate)
minimum and maximum values
hose Or hge = output conductance with input open-circuited to a.c. (where appropriate)

maximum value
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5.1.3.8 Transition frequency ft or value of |h21e| at a specified high frequency
Either:

typical and minimum values of f1 at specified values of collector current and collector-emitter
voltage

or:
typical and minimum values of |h21e |at a specified frequency in the range in which |h21e| is

decreasing at the rate of approximately 6 dB/octave, and at specified values of collector
current and collector-emitter voltage

In specifying |h21e| , the frequency shall be chosen preferably from the series 1, 2, 5 x 10n Hz and
should be such that |h21e! is in the range 2 to 10.

5.1.3.9 Output capacitance (Coop 0r Cop)

NOTE For high-frequency transistors, the capacitance C,,, may be replaced by the sum of the collector junction
capacitance C; and the collector-base terminal capacitance Cy,.

The following information shall be given for a temperature of 25 °C only.

5.1.3.9.1 Three-terminal transistors

Maximum and, where appropriate, minimum values at zero d.c. emitter current, for specified
voltage and frequency; the connection of the case shall be stated.

5.1.3.9.2 Four-terminal transistors

Maximum and, where appropriate, minimum values at zero d.c. emitter current, for specified
voltage and frequency; the connection of the fourth terminal shall be stated.

5.1.3.10 Noise factor (where appropriate)

Maximum value under specified conditions of frequency range, bias and source impedance

5.1.3.11 High-frequency parameters (for high-frequency transistors)

In this subclause, the term "high frequency" is used in accordance with common practice with
semiconductor devices to indicate the sort of parameters required and does not necessarily
mean "high frequency" in the traditional sense used in radiocommunication, i.e. 3 MHz-30 MHz.

These parameters shall be stated for a temperature of 25 °C only.

5.1.3.11.1 General purpose applications

These parameters are intended to represent the performance of the transistor over a range of
frequencies as indicated by the manufacturer and would be useful for general purpose small-
signal amplifiers.
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The parameters should be specified as follows:

minimum value of the real part of the short-circuit common-emitter input impedance Re
(h11e), at specified values of Ig, Vce and very high frequency;

— maximum value of the magnitude of the common-base open-circuit reverse voltage
transfer ratio | h12p |, at specified values of |Ig, Vcg and appropriate frequency;

— minimum value of the magnitude of the short-circuit common-emitter forward current

transfer ratio \h21e’, at specified values of Igc and Vgg and appropriate frequency
(see 5.1.3.8);

— maximum value of the output capacitance Cyzp,.
This parameter shall be specified in the same way as in 5.1.3.9.

Explanatory note concerning the relationship between the set of high-frequency parameters
and the parameters of the modified hybrid n equivalent circuit.

The four characteristic values:
Re (hq4¢) at a high frequency f1,
| h21b| at a medium frequency fy,,

|h21e| at a high frequency f,2 (where |h21e| is decreasing at a slope of approximately
6 dB/octave), and

Co2p

can be used for the design of an amplifier circuit by means of the following equivalent circuit:

Cee
H
Cp’
sl I} oo
rbb’ *
]
| G, | gmVbe
gb’e = | Vbe
Co'e *
E O O E

IEC 2325/2000

G4 = current generator
Figure 4 — Equivalent circuit

The values of the elements of this equivalent circuit can be calculated with a fairly good
accuracy by means of the following formulae:

a) rpp = Re (hq4e) at high frequency fi4

ale
b e =——\1=1h
) Obe kT( |21bo|)
where hy1po is the small-signal forward current transfer ratio, in the common-base
configuration and at a low frequency
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c) Cpe=XE. T

) Coe =g 2nfr

fr can be computed from the value of | h21e| at frequency fy,2, since:
fr = [ha1el fn2

| 120

d) Cppe = _
) Cre 2ntppy T 27t Re(Ny1e)

€) Cpe* Cphe = Co2p Cpe = Co2p — Cpre

alg

f) =—

mokT
It is pointed out that these formulae as well as the equivalent circuit itself are only a first order
approximation, valid for most transistors over a certain frequency range. In particular, it
should be borne in mind that g, may involve an additional phase-shift which is not taken into

account in the above formulae. (The values used in the above formulae are defined in
6.1.11.3.2).

5.1.3.11.2 Special purpose applications

a) y parameters

The following y parameters provide a set of four-pole parameters at a specified frequency,
for instance at a standard intermediate frequency.

Typical values and, where appropriate, minimum and/or maximum values.

One complete set of the following parameters in the complex form is required at a
specified frequency and for specified bias conditions,

either first set:

common-emitter short-circuit input admittance Y11e
common-emitter short-circuit reverse transfer admittance Y12e"
common-emitter short-circuit forward transfer admittance Y21e
common-emitter short-circuit output admittance Y22e

or second set:

common-base short-circuit input admittance Y11b
common-base short-circuit reverse transfer admittance Y12b*
common-base short-circuit forward transfer admittance Y21b
common-base short-circuit output admittance Y22b

*

If yi» cannot be stated in one of the configurations because of the difficulty of measurement, y,, may be
substituted in the other configuration.
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b) s parameters

As an alternative to the y parameters, the following s parameters may be given in a
complex form. They shall be stated with reference to a resistive load of 50 Q and for the
recommended configuration, under specified conditions of bias, temperature (25 °C) and
mounting:

s11 — typical value;
soo — typical value;
s12 — typical value;
Sp¢4 — minimum and typical values.

If the manufacturer recommends the transistor for use at a specified frequency, the values
of the s parameters shall then be stated at this frequency.

If the manufacturer proposes operation over a range of frequencies, the s parameters
shall then be stated at two frequencies within the recommended range of operating
frequencies. In addition, curves may be included in the section on "Application data".

5.1.3.12 Specific characteristics of matched-pair bipolar transistors,
used in low-frequency differential applications

5.1.3.12.1 Ratio of static values of common-emitter forward current transfer ratios

Minimum value of the ratio hggq/hpg2, where hpgq1 and hggy are the static values of the
common-emitter forward current transfer ratio of each transistor, under specified voltage
(Vcg) and current (Ig).

NOTE This ratio should be the smaller value divided by the larger value.

5.1.3.12.2 Difference between base-emitter voltages

Maximum absolute value of the difference between the base-emitter voltages of the two
transistors, under specified voltage (Vcg) and current (I¢).

5.1.3.12.3 Change in difference of base-emitter voltages between two temperatures

|A(Vgg1 —Vee2 ) 1

Maximum absolute value of the change in the difference of the base-emitter voltages
(as in 5.1.3.12.2) between two specified temperatures, at specified voltage (Vcg) and current (Ig).

5.1.4 Application data

Under consideration.

5.2 Power transistors (excluding switching and high-frequency applications)
5.2.1 General
5.2.1.1 Range of application

The following subclauses give the requirements applicable to power transistors (excluding
switching and high-frequency applications).
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5.2.1.2 Rating methods

Power transistors should be specified either as ambient-rated or case-rated devices or, where
appropriate, as both.

5.2.1.3 Recommended temperatures

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at another specified temperature. Unless otherwise stated, the other temperature should
be chosen by the manufacturer from the list in clause 5 of IEC 60747-1, chapter VI.

5.2.2 Ratings (limiting values)

The following ratings should be stated.

5.2.2.1 Temperatures

5.2.2.1.1 Range of operating temperatures, ambient or case (Tamp OF Tcase)
5.2.2.1.2 Range of storage temperatures (Tstg)

5.2.2.2 Voltages and currents

The voltage and current ratings given must cover the operation of the device over the rated
range of operating temperatures. Where such ratings (e.g. forward current, reverse voltage,
etc.) are temperature-dependent, this dependence shall be indicated.

The values of the following voltage and current ratings apply for both continuous and peak
conditions.

5.2.2.2.1 Maximum collector-base voltage with zero emitter current (Vcgo)
5.2.2.2.2 Maximum collector-emitter voltage with zero base current (Vcgo)
5.2.2.2.3 Maximum emitter-base reverse voltage with zero collector current (Vggo)
5.2.2.2.4 Maximum collector current (Ig)

5.2.2.2.5 Maximum emitter current (where appropriate) (Ig)

5.2.2.2.6 Maximum base current (Ig)

5.2.2.3 Power dissipation

Maximum total power dissipation as a function of temperature over the range of operating
temperatures, or

maximum thermal resistance, junction to case or junction to ambient, maximum virtual
(equivalent) junction temperature and maximum value of power dissipation.

Any special requirements for ventilation and/or mounting should be specified.
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5.2.3 Characteristics
5.2.3.1 General

The values shall be stated at one of the voltages and/or currents taken from the list in clause 6
of IEC 60747-1, chapter VI.

5.2.3.2 Collector-base cut-off current (reverse current) (Icgo)

5.2.3.2.1 Maximum value at 25 °C at the rated maximum collector-base voltage

5.2.3.2.2 Maximum value at a specified collector-base voltage, at a high operating
temperature and at approximately zero power dissipation. The temperature shall be chosen
from the list in clause 5 of IEC 60747-1, chapter VI.

5.2.3.3 Base-emitter forward voltage (Vgg)

Typical and, where appropriate, maximum values at 25 °C, at specified collector current and
collector-emitter voltage

5.2.3.4 Collector-emitter saturation voltage (Vcesat)

Maximum value at 25 °C at a specified high value of collector current and a specified base
current

5.2.3.5 Static value of the common-emitter forward current transfer ratio (ho1g)

Minimum and maximum values at 25 °C at a specified low value of collector-emitter voltage
and a specified high value of either emitter or collector current.

When the Icgp component is significant, the inherent (large-signal) forward current transfer
ratio |h21EL| shall be stated.

5.2.3.6 Transition frequency ft or value of |h21e| at a specified high frequency

Either:

typical and minimum values of f1 at specified values of collector current and collector-emitting
voltage

or:

typical and minimum values of !h21e| at a specified frequency in the range in which |h21e| is
decreasing at the rate of approximately 6 dB/octave and at specified values of collector
current or collector-emitter voltage.

In specifying |h21e|, the frequency shall be chosen preferably from the series 1, 2, 5 x 10n Hz
and should be such that | h21e| is in the range of 2 to 10.

5.2.3.7 Output capacitance Cyy, (Where appropriate)

Maximum value at 25 °C, at zero d.c. emitter current, for specified values of voltage V¢g and
frequency
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5.2.4 Application data

Under consideration.

5.3 High-frequency power transistors for amplifier and oscillator applications
5.3.1 Type

Case-rated high-frequency power transistor for amplifier and oscillator applications

5.3.2 Semiconductor material

Germanium, silicon, etc.

5.3.3 Polarity

PNP/NPN

5.3.4 Outline

5.3.4.1 |EC reference
(National references may be added.)
5.3.4.2 Case material

5.3.4.3 Terminal identification and indication of any connection between a terminal and the
case

5.3.5 Limiting values (absolute maximum system) over the operating temperature range,
unless otherwise stated

Any qualification such as time, frequency, pulse duration, humidity, etc. must be stated.
5.3.5.1 Minimum and maximum case operating temperatures (T¢ase)
5.3.5.2 Minimum and maximum storage temperatures (Tstg)

5.3.5.3 At least, one of the following should be specified. It is recommended that Vgg should
be stated as a first priority.

5.3.5.3.1 Maximum collector-base voltage (V¢g)
5.3.5.3.2 Maximum collector-emitter voltage with specified reverse base voltage (Vcex)
5.3.5.3.3 Maximum collector-emitter voltage with the base short-circuited to the emitter (Vcgs)

5.3.5.4 Maximum collector-emitter voltage with the base open-circuited (Vceo)

and/or

maximum collector-emitter voltage with the specified external resistance (VcgR)
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5.3.5.5 Maximum emitter-base reverse voltage (Vgg)

5.3.5.6 Either:

maximum collector current (d.c. or mean value) (Ic or Ic(av))
or:

maximum emitter current (d.c. or mean value) (lg or Igav))
5.3.5.7 Either:

maximum peak collector current (Igm)
or:

maximum peak emitter current (Igym)

5.3.5.8 Maximum base current (d.c. or mean value) (Ig or Igav))
5.3.5.9 Power dissipation
5.3.5.9.1 Maximum total power dissipation as a function of case temperature (Pyqt), or

5.3.5.9.2 Maximum virtual (equivalent) junction temperature and maximum total power
dissipation (T(yj) and Piqt)

5.3.5.10 Where appropriate, safe operation area (e.g. curves I¢ versus V¢g) d.c. and pulse
5.3.5.11 Where appropriate, capability of sustaining a mismatch under specified conditions

5.3.6 Characteristics

Refer- Conditions
Characteristics at T.age = 25 °C, Note | Symbol | Requirements
ence unless otherwise stated
5.3.6.1 Static value of common- VcEe specified, I specified hote min. | max.
emitter forward current (typical value), d.c. or pulse as specified
transfer ratio
5.3.6.2 Where appropriate, static Vce = specified low value, hoqg min. -
value of common-emitter Ic = specified high value, d.c. or pulse
forward current transfer ratio as specified
5.3.6.3 | Transition frequency Vce: Ic and f specified fr min. | max.*
or: VcEe, lc, f, source and load impedances |521e| min.
modulus of the forward (preferably 50 Q) specified

transmission coefficient

5.3.6.4 Cut-off currents

5.3.6.4.1 | Preferably, collector-base Vg specified, preferably maximum value lcBoO - max.
cut-off current Emitter open-circuited
or otherwise collector-emitter | Vqgx specified, preferably maximum lcEX - max.
cut-off current value, Vgg specified

5.3.6.4.2 | Where appropriate, collector- | Vcer specified, preferably maximum IcER - max.
emitter cut-off current value. Specified base-emitter resistance

5.3.6.4.3 | Where appropriate, collector- | Vgg specified, preferably maximum lcEs - max.
emitter cut-off current value. Base short-circuited to emitter
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5.3.6 (continued)
Refer Conditions
) Characteristics at Tease = 25 °C, Note | Symbol | Requirements
ence unless otherwise stated
5.3.6.4.4 | Where appropriate, collector- | Vcgg specified, preferably maximum lceo - max.
emitter cut-off current value. Base open-circuited
5.3.6.5 Cut-off currents at high
temperature
5.3.6.5.1 | Preferably, collector-base Vg specified, preferably between 65 % leBo - max.
cut-off current and 85 % of maximum value Vg
Tcase Specified, preferably high value
or otherwise collector-emitter | Vg specified, preferably between 65 % lceEx - max.
cut-off current and 85 % of maximum value Vgex
Vge specified, T;,se Specified, preferably
high value
5.3.6.5.2 | Where appropriate, collector- | Vg specified, preferably between 65 % IcER - max.
emitter cut-off current and 85 % of maximum value V¢gg.
specified. T.,50 Specified, preferably
high value
5.3.6.5.3 | Where appropriate, collector- | Vg specified, preferably between 65 % lces - max.
emitter cut-off current and 85 % of maximum value Vg
T.ase Specified, preferably high value
5.3.6.5.4 | Where appropriate, collector- | Vg specified, preferably between 65 % lceo - max.
emitter cut-off current and 85 % of maximum value V¢gqo
Tc.ase Specified, preferably high value
5.3.6.6 Collector-emitter saturation Ic = specified high value, Ig specified, VcEsat - max.
voltage d.c. or pulse as specified
5.3.6.7 Either:
output power into the load Circuit and bias conditions Pout min. -
to be specified, f = specified high value
Where appropriate, at a lower frequency fj,
for the same specified conditions
of circuit and bias
or:
power gain Same conditions as for output power G, min. -
5.3.6.8 Where appropriate, overall Same conditions as for output power 1 Thot min. -
efficiency
alternatively, collector Same conditions as for output power 1 e min. -
efficiency
5.3.6.9 Capacitances:
5.3.6.9.1 | Output capacitance Vg and f specified, Ig = 0 Coop - max.
5.3.6.9.2 | Where appropriate, Veg and f specified, Ic = 0 Ci1p - max.
input capacitance
5.3.6.9.3 | Where appropriate, reverse Vce and f specified, Ig = 0 Cioe - max.
transfer capacitance
5.3.6.10 | Where appropriate, inter- Conditions to be specified min.* | max.*
modulation factor or other
linearity criterion
5.3.6.11 | Thermal resistance Conditions to be specified Rih(-case) - max.
(junction to case)
* Where appropriate.
Pout Pout
NOTE 7ot= ———— M= — —
in ¥ P(d4c4) PC(d-C-)
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5.3.7 Supplementary information

5.3.7.1 Where appropriate, curves of maximum transient thermal impedance under pulse
conditions

5.3.7.2 Mounting torque (where appropriate)

5.3.8 Environmental and/or endurance test information

Under consideration.

5.4 Switching transistors
5.4.1 General
5.4.1.1 Range of application

The following subclauses give the requirements applicable to transistors intended for
switching applications.

5.4.1.2 Rating methods

Switching transistors should be specified either as ambient-rated or case-rated devices or,
where appropriate, as both.

5.4.1.3 Recommended temperatures

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at another specified temperature. Unless otherwise stated, the other temperature should
be chosen by the manufacturer from the list in clause 5 of IEC 60747-1, chapter VI.

5.4.2 Ratings (limiting values)

The following ratings shall be stated.

5.4.2.1 Temperatures

5.4.2.1.1 Range of operating temperatures, ambient or case (Tamp Or Tcase)
5.4.2.1.2 Range of storage temperatures (Tstg)

5.4.2.2 Currents

The ratings must cover the operation of the device over the range of operating temperatures.
Where such ratings are temperature dependent, this dependence should be indicated.

5.4.2.2.1 Maximum continuous collector current (I¢)

5.4.2.2.2 Where appropriate, maximum peak repetitive collector current, under specified
conditions (Icrm)-

5.4.2.2.3 Maximum continuous base current (Ig)
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5.4.2.2.4 Where appropriate, maximum peak repetitive base current, under specified
conditions (Igrm)

5.4.2.2.5 Where appropriate, maximum emitter current, continuous and/or peak repetitive,
under specified conditions (Ig, Ierm)

5.4.2.3 Voltages

5.4.2.3.1 Maximum collector-base voltage with zero emitter current (Vcgo)

5.4.2.3.2 Maximum collector-emitter voltage, either with zero base current or with a specified
emitter-base reverse voltage (Vceo or Vcex)

5.4.2.3.3 Maximum emitter-base voltage with zero collector current (Vggo)

5.4.2.3.4 Collector-emitter sustaining voltage (Vcexsus)

Maximum rated value at specified collector current and specified base-emitter (reverse)
voltage

5.4.2.4 Power dissipation

5.4.2.4.1 Maximum total power dissipation (without additional cooling for ambient-rated
devices) up to ambient or case temperature of 25 °C (Pyct)

5.4.2.4.2 Derating factor above 25 °C or, for case-rated devices, derating curve

5.4.2.5 Safe operating areas
5.4.2.5.1 Forward biased safe operating area (FBSOA)

Diagram showing the area of collector currents (I;) and collector-emitter voltages (Vcg) which
the transistor will sustain simultaneously without being damaged by thermal overload or by
the first or second breakdown, for d.c. and pulse operation

Conditions to be specified:

— case temperature (T¢ase)

— pulse time (tp)

— duty cycle (0)

5.4.2.5.2 Reverse biased safe operating area (RBSOA)

Diagram showing the area of collector currents (I¢) and collector-emitter voltages (Vcg) which
the transistor will sustain simultaneously for a short period of time during turn-off without
being damaged

Conditions to be specified:

— case temperature (T¢ase)

— reverse base current (Igp)

— conditions in the drive circuit
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5.4.3 Characteristics

5.4.3.1 General

The values should be preferably stated at one of the voltages and/or currents given in clause 6
of IEC 60747-1, chapter VI.

5.4.3.2 Static characteristics

5.4.3.2.1 Cut-off currents

NOTE One or more of these currents should be stated.

5.4.3.2.1.1 Collector-base current (Icgo)

Maximum value at 25 °C, preferably at the maximum rated value of the collector-base
voltage and with the emitter open-circuited

Maximum value at a high operating temperature, at a voltage preferably between 65 %
and 85 % of the maximum rated collector-base voltage, and with the emitter open-circuited

5.4.3.2.1.2 Collector-emitter current (Icgx)

Maximum value at 25 °C, preferably at the maximum rated value of collector-emitter
voltage and under specified base-emitter bias conditions

Maximum value at a high operating temperature, at a voltage preferably between 65 %
and 85 % of the maximum rated collector-emitter voltage and under specified base-emitter
bias conditions

5.4.3.2.1.3 Collector-emitter current (Icgs)

Maximum value at 25 °C, preferably at the maximum rated value of the collector-emitter
voltage and with the base short-circuited to the emitter

Maximum value at a high operating temperature, at a voltage preferably between 65 %
and 85 % of the maximum rated collector-emitter voltage and with the base short-circuited
to the emitter

5.4.3.2.1.4 Collector-emitter current (Icgo)

Maximum value at 25 °C, preferably at the maximum rated value of the collector-emitter
voltage and with the base open-circuited

Maximum value at a specified high operating temperature, at a voltage preferably between
65 % and 85 % of the maximum rated collector-emitter voltage and with the base open-
circuited

5.4.3.2.1.5 Collector-emitter current (Icgr)

Maximum value at 25 °C, preferably at the maximum rated collector-emitter voltage and
with a specified base-emitter resistance

Maximum value at a high operating temperature, at a voltage preferably between 65 %
and 85 % of the maximum rated collector-emitter voltage and with a specified base-emitter
resistance
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5.4.3.2.1.6 Emitter-base current (Iggo)

— Maximum value at 25 °C at a specified high value of the emitter-base voltage and with the
collector open-circuited

— Maximum value at a high operating temperature and at a specified emitter-base voltage,
and with the collector open-circuited
5.4.3.2.2 Emitter-base cut-off current (reverse current)

Maximum value at 25 °C and at a specified emitter-base voltage

5.4.3.2.3 Static value of common-emitter forward current transfer ratio (ho1g)

Minimum value at 25 °C, at specified collector current and collector-emitter voltage

5.4.3.2.4 Collector-emitter saturation voltage (Vcgsat)

Maximum value at 25 °C, for at least one specified collector current and specified base
current

5.4.3.2.5 Base-emitter saturation voltage (Vggsat)

Maximum value at 25 °C, at specified collector and base currents, preferably the same as
in5.4.3.2.4

5.4.3.3 Switching characteristics at 25 °C (see 5.4.3.3.3, note 1)
5.4.3.3.1 Output capacitance (Cyyp)

Maximum value, at specified collector-base voltage and frequency, with zero emitter current

5.4.3.3.2 Switching times (see 5.4.3.3.3, note 2)
5.4.3.3.2.1 Rise time (t;)

Maximum value, at nominal values of collector current (I¢) and base forward current (Ig1).

5.4.3.3.2.2 Turn-on time (tgn)

Maximum value, at nominal values of collector current (Ic), base forward current (Ig4) and
base-emitter voltage (Vgg) prior to turn-on pulse

5.4.3.3.2.3 Storage time (tg)

Maximum value, at nominal values of collector current (Ic) and base forward and reverse
currents (Igq and Igy)

5.4.3.3.2.4 Turn-off time (toff)

Maximum value, at nominal values of collector current (Ic) and base forward and reverse
currents (Ig1 and Igo)
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5.4.3.3.3 Transition frequency (f1)

Minimum value, at specified values of collector current and collector-emitter voltage, at a
specified frequency in the range in which |h21e| is decreasing at the rate of approximately
6 dB/octave

In specifying fr, the frequency should be chosen preferably from the series 1, 2, 5 x 10" Hz
and should be such that |h21e\ is in the range of 2 to 10.

NOTE 1 The following characteristics should be specified:

a) Cyyy, (see 5.4.3.3.1) and

b)  preferably t,, ty,, ts, tosf (Se€ 5.4.3.3.2.1 t0 5.4.3.3.2.4), or
t, and ts (see 5.4.3.3.2.1 and 5.4.3.3.2.3), or
ton @nd tyg (see 5.4.3.3.2.2 and 5.4.3.3.2.4), or
ts and f1 (see 5.4.3.3.2.3 and 5.4.3.3.3).

NOTE 2 In the data sheets, the circuit component values, bias and driving voltages should be specified.

5.4.3.4 Additional characteristics for computer-aided circuit design

The following additional characteristics should be given for transistors intended to be used in
circuits designed using computer-aided techniques. These characteristics, together with
the appropriate ones selected from the essential characteristics, are applicable for use in the
Beaufoy and Sparkes equivalent circuit of a transistor.

5.4.3.4.1 Cj,: maximum common-base input capacitance, at specified value of reverse
base-emitter voltage and zero collector current

5.4.3.4.2 fy: minimum transition frequency, at specified values of collector current and
collector-emitter voltage

5.4.3.4.3 Either:

a) ho2e, hoe: Maximum value of the common-emitter output admittance with input
open-circuited to a.c., at specified values of collector current and
collector-emitter voltage

or:
b) VEey: minimum Early voltage
5.4.3.5 Thermal characteristics
5.4.3.5.1 Thermal resistance junction-case (Rynjc) (for case-rated transistors)

Maximum value

5.4.3.5.2 Thermal resistance junction-ambient (R¢nja) (for ambient-rated transistors,
if applicable)

Maximum value

5.4.3.5.3 Transient thermal impedance junction-case (Znjc) (for case-rated transistors,
if applicable)

Diagram showing Zi,jc against the time which has elapsed after a step change in power
dissipation
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5.4.3.5.4 Thermal impedance junction-case under pulse conditions (Zhjc)p)
(for case-rated transistors, if applicable)

Diagram showing (Zthjc)p) @gainst the pulse duration t, for various duty cycles, at least 1/2

5.4.4 Application data

Under consideration.

6 General and reference measuring methods

6.1 General measuring methods
6.1.1 General

The polarities of the generators shown in the circuits in this subclause are applicable to NPN
devices. However, these circuits can be adapted for PNP devices by changing the polarities
of the meters and power supplies.

6.1.2 Collector-base and emitter-base cut-off currents
6.1.2.1 Collector-base cut-off current (d.c. method) (Icgo)

The collector-base cut-off current is measured in the same way as the collector-emitter cut-off
current (see 6.1.3), except that the emitter and base terminals are interchanged. The emitter
is left open-circuit.

6.1.2.2 Emitter-base cut-off current (d.c. method) (lggo)

The emitter-base cut-off current is measured in the same way as the collector-emitter cut-off
current (see 6.1.3), except that the emitter is connected to the ammeter and the base is
connected to the common line. The collector is left open-circuit.

6.1.3 Collector-emitter cut-off currents (d.c. method) (Iceo, Icer, lcex, Ices)

a) Purpose
To measure the collector-emitter cut-off currents of a transistor under specified conditions.
b) Circuit diagram

R,

Ices Icex lcer  Iceo \éj I

- T |
O

N

IEC 2326/2000

T = transistor being measured

Figure 5 — Basic circuit for the measurement of collector-emitter cut-off currents
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c) Circuit description and requirements

Resistor R4 is a current-limiting resistor. The base-emitter configuration should be as
specified.

d) Measurement procedure

The temperature is set to the specified value. The voltage is increased until Vgg reaches
the specified value.

The cut-off current is read on ammeter A.
e) Specified conditions
— Ambient or case temperature (Tamb OF Tcase)
— Collector-emitter voltage (Vcg).
— Terminations to be applied:

for Iceo Ig=0

for Icer Rge=...Q

for Icex Vgg=...V,R=..Q
or
Vge =...V

for Ices Vge =0

6.1.4 Collector-emitter saturation voltage (Vcgsat)
6.1.4.1 Collector-emitter saturation voltage (d.c. method)

a) Purpose

To measure the collector-emitter saturation voltage of a transistor under specified
conditions.

b) Circuit diagram

IEC 2327/2000

T = transistor being measured

Figure 6 — Basic circuit for the measurement of the collector-emitter saturation voltage
(d.c. method)
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c) Precautions to be observed

Because of the risk that the maximum power dissipation Pyt could be exceeded, it is im-
portant to follow the order of the measurement procedure.

It may be necessary to modify the measurement circuit, for example by connecting a
voltage-limiting circuit across the generator Go.

d) Measurement procedure
The temperature is set to the specified value.
The base current is adjusted to the specified value read on ammeter A4.
The collector current is adjusted to the specified value read on ammeter As.
The collector-emitter saturation voltage is measured on voltmeter V.
e) Specified conditions
— Ambient or case temperature (Tgmp O Tcase)
— Base current (Ig)
— Collector current (I¢)

6.1.4.2 Collector-emitter saturation voltage (pulse method)

a) Purpose
To measure the collector-emitter saturation voltage of a transistor under pulse conditions.
b) Circuit diagram

IEC 2328/2000
T = transistor being measured

Figure 7 — Basic circuit for the measurement of the collector-emitter saturation voltage
(pulse method)

c) Circuit description and requirements

Electronic switch S3 is normally closed, and opened only when pulses are applied to it by
pulse generator Gs.

The value of the internal resistance of constant-current generator G4 should be much
greater than the input impedance of the transistor being measured.

The value of the internal resistance of constant-current generator G, should be much
greater than the value of Vcgsat/lc.
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d)

f)

Precautions to be observed

The time for the direct-current generators to respond to changes in load should be less
than the "on" period of the transistor being measured.

The specified width and duty cycle of the pulse generator should be so small that no
significant heat dissipation occurs in the transistor being measured.

The maximum voltage supplied by direct current generator G, should not exceed the
collector-emitter breakdown voltage of the transistor.

Measurement procedure
The temperature is set to the specified value.

With switch S4 open, with no transistor in the measurement socket and with a short circuit
inserted between emitter and base terminals, current generator G4 is adjusted until the
reading of ammeter A is equal to the specified value Ig.

With switch S, open, with no transistor in the measurement socket, and with a short circuit
inserted between emitter and collector terminals, current generator G» is adjusted until the
reading of ammeter Ay is equal to the specified value I¢.

With the transistor being measured in the measurement socket, switches S{ and Sj
closed, and switch S3 operated by G3, the value of the steady voltage of the flat part of the
waveform in the "on" period as observed on the oscilloscope is VcEggat.

Specified conditions

Ambient or case temperature (Tamp OF Tcase)

Base current (Ig)

Collector current (Ic)

Pulse time and duty cycle of pulses (t,, o, preferably t, = 300 ps, 6<2 %)

6.1.5 Base-emitter saturation voltage (Vggsat)

6.1.5.1 Base-emitter saturation voltage (d.c. method)

a)

b)

Purpose
To measure the base-emitter saturation voltage of a transistor under specified conditions.

Circuit diagram

f

IEC 2329/2000

T = transistor being measured

Figure 8a — Basic circuit for the measurement of the base-emitter saturation voltage
(d.c. method)
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c) Precautions to be observed

Difficulty may be experienced in setting up the specified electrical conditions and, in some
cases, there is a risk that the maximum dissipation of the transistor may be exceeded.
Therefore, it is important to follow the order of the measurement procedure.

It may be necessary to modify the measurement circuit, for example by connecting a
voltage-limiting circuit across generator G».

d) Measurement procedure
The temperature is set to the specified value.
The base current is adjusted to the specified value read on ammeter A4.
The collector current is adjusted to the specified value read on ammeter As.
The base-emitter saturation voltage is measured on voltmeter V.
e) Specified conditions
— Ambient or case temperature (Tamp OF Tcase)
— Base current (Ig)
— Collector current (I¢)

6.1.5.2 Base-emitter saturation voltage (pulse methods)
a) Purpose

To measure the base-emitter saturation voltage under pulse conditions.
b) Circuit diagram

]

S +

]

IEC 2330/2000
T = transistor being measured

Figure 8b — Basic circuit for the measurement of the base-emitter saturation voltage
(pulse methods)

c) Circuit description and requirements
Current generator G4 supplies the base current.

Electronic switch S is normally closed and opened only when a pulse is applied to it by pulse
generator G3. The repetition frequency and duty cycle of the pulses should be chosen so as
to avoid significant heating of the transistor being measured (see clauses 2, 3 and 6 of
IEC 60747-1, chapter VII, section one).

The value of resistor R4 is chosen so that the specified collector current is achieved with
voltage generator Go. The collector current is measured by means of resistor Ry which is
connected to the oscilloscope.
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d) Measurement procedure
The temperature is set to the specified value.
The base current, read on ammeter A, is set to the specified value.
The collector current, shown on the oscilloscope, is set to the specified value.
The base-emitter saturation voltage is measured using the oscilloscope.
e) Specified conditons
Ambient or case temperature or virtual junction temperature (Tamp Or Tcase) OF (Tyj)

Base current (Ig)

Collector current (I¢)
Pulse time (tp) and duty cycle (), preferably t, = 300 ys, 6<2 %

6.1.6 Base-emitter voltage (d.c. method) (Vgg)

a) Purpose
To measure the base-emitter voltage of a transistor under specified conditions.

b) Circuit diagram

()
N\

JSENO (e

+ =

£ ®

IEC 2331/2000

T = transistor being measured

Figure 9 — Base circuit for the measurement of base-emitter voltage (d.c. method)

c) Measurement procedure
The temperature is set to the specified value.

The outputs of variable generators G4 and G, are adjusted until the specified collector-
emitter voltage is read from voltmeter V, and the specified collector current is read from
ammeter A.

The base-emitter voltage is read from voltmeter V.
d) Specified conditions

— Ambient or case temperature (Tamp OF Tcase)

— Collector current (I¢)

— Collector-emitter voltage (VcEg)
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6.1.7 Collector-emitter sustaining voltage (Vceo(sus): VCER(sus))

a) Purpose

Rating verification method to verify that a transistor will sustain the maximum rated value
of the collector-emitter sustaining voltage under specified conditions without being
damaged.

b) Circuit diagram

/Voltage clamping unit

A
N

Oscilloscope

P

|

Ny
S

+
Vee Qi
R

5 &
]
—1——-

1
|
1
|
|
|
|
|
|
]

-
|
T
|

H
o

IEC 2332/2000

T = transistor being measured

Figure 10 — Basic circuit for the measurement of the collector-emitter sustaining voltage

c) Circuit description and requirements
The transistor is operated in a saturated condition under pulse operation.

Due to inductance L, the switching of the base current causes the transistor to be swept
through a current-voltage cycle.

Resistor Ry is required for the measurement of Vcer(sus)-

Generator V¢ is adjustable; it enables the collector current to be set to the specified
value.

R is a current measuring resistor.

A voltage clamping unit, indicated in figure 10 as a variable voltage source in series with a
diode, limits the voltage Vcg at the maximum rated value Vceo(sus) OF VCER(sus)-

The minimum value of inductance L may be given in the detail specification; otherwise, it
may be calculated from:

) toff

Lpin = (V =V
min ( CC 0.1 |C

This ensures that I does not drop by more than 10 % during tos.
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d) Measurement procedure

1)
2)

3)

The clamping unit is adjusted to operate at the maximum rated value Vceo(sus)-

With voltage V¢ set at 0, current Ig is adjusted (for example 1/10 or 1/5 of the
specified current Ig), so that the specified current I¢ can be reached with a V¢ value
of less than a few volts (point A in figure 11) (that is, in the saturated condition).

The voltage V¢ is progressively increased until the specified current I is reached for
the maximum rated value of voltage Vceo(sus) (point B in figure 11).

As a result, the current at which the cycle starts may reach a value Ig slightly higher
than the specified value of Ig (point A" in figure 11).

Ich

lo

specified Ic ~ with clamping

> X
/
7

without clamping

-

] -

v

specified minimum Vceo (sus)

IEC 2333/2000

Figure 11 — I versus Vg characteristic

e) Precautions to be observed

g)

In a preliminary test, the action of the clamping unit should be verified by decreasing its
adjustable voltage; then the clamping unit should be adjusted to the desired value of Vggo
that corresponds to the specified current I¢ (point B of figure 11).

Requirements

1) The transistor is satisfactory when the trace moving from point B to point C does not

pass to the left of the line BC.

2) When the clamping unit is not used, the transistor is satisfactory if the trace effectively

turns around point B, as shown in figure 11.

Specified conditions

Case or ambient temperature (Tcase OF Tamb)

Collector current (Ig)

Minimum sustaining voltage (Vceo(sus) OF VCER(sus))
Value of inductance L, where appropriate

Frequency of pulse generator g, if different from 50 Hz.
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6.1.8 Capacitances
6.1.8.1 Common-base output capacitance (Cyyp 0r Cqp)

a) Purpose
To measure the output capacitance of a transistor under specified conditions.
Two methods are given:
— method 1, using a two-terminal bridge;

— method 2, using a three-terminal bridge. This method is particularly appropriate for the
accurate measurement of small output capacitances.

In method 1, the bridge must be able to pass the d.c. bias current, whereas in method 2
(three-terminal bridge) this is not required.

6.1.8.1.1 Method 1: two-terminal bridge

b) Circuit diagram

| I
07

I | |

c 777 7 c

IEC 2334/2000 IEC 2335/2000

Figure 12a — Transistor with base terminal Figure 12b — Transistor with collector terminal
connected to case connected to case

Figure 12 — Basic circuit for the measurement of the common-base output capacitance
using a two-terminal bridge

c) Circuit description and requirements

The bridge should be capable of carrying the required collector current without affecting
the accuracy of measurement. Alternatively, an inductor could be connected across the
bridge terminals. Capacitor C should provide a short circuit at the measurement
frequency. A bias circuit is connected between the emitter and base terminals if the
measurement of capacitance for conditions other than open-emitter is required.

d) Measurement procedure
The temperature is set to the specified value.
The bridge is adjusted to obtain a zero reading, with the measurement circuit connected.

The transistor being measured is inserted into the measurement socket and, with the
specified bias conditions applied, the output capacitance is measured.
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e)

Specified conditions

— Ambient or case temperature (Tamp Or Tcase)

— Collector-base voltage (Vcg)

— Emitter current (Ig), usually zero

— Measurement frequency (f), if different from 1 MHz
— Mounting conditions of the transistor, if necessary

6.1.8.1.2 Method 2: three-terminal bridge

b)

c)

Circuit diagram
C L
o 9ot | Y
Three-terminal ! ” T l/
bridge 10 I
o) 30 C2

o)

D “

IEC 2336/2000

T = transistor being measured

Figure 13 — Basic circuit for the measurement of C,,, using a three-terminal bridge

Circuit description and requirements

The three-terminal bridge should be capable of providing a measurement of the
capacitance between terminals 1 and 2 independent of any impedance present between
either terminal and the grounded guard terminal (3).

Capacitors C1 and C, should provide a short circuit at the measurement frequency.
Inductors L4, Ly and L3 should have a high impedance at the measurement frequency.

The figure shows the case for which it is impossible or undesirable to pass direct current
through the bridge. If the bridge is capable of carrying the required bias current without
affecting the accuracy of measurement, the circuit can be simplified so that the direct
current bias is supplied through the bridge terminals.

If the emitter current is specified as zero, the emitter bias circuit is omitted.

If the transistor being measured is a four-terminal device (the metallic case is isolated
electrically from the three other terminals), the fourth terminal (case) should be connected
to the ground terminal of the bridge.

Precautions to be observed
Stray capacitances should be reduced as much as possible.

For the measurement, a plane of reference of the device must be defined and the
screening of the device leads extended to this plane.

The method of mounting the transistor should be specified in considerable detail if
accurate and reproducible results are to be obtained. For example, a measurement socket
should be specified so that the capacitance measurement is independent of the lead
length of the transistor and so that the resulting capacitance is referred to the reference
plane of measurement.
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e)

f)

Measurement procedure
The temperature is set to the specified value.

The bridge is set to the specified measurement frequency and, with the circuit connected and
with no transistor in the measurement socket, the bridge is adjusted to obtain a zero reading.

The transistor being measured is then inserted into the measurement socket and, with the
specified bias conditions applied, the output capacitance is determined by balancing the bridge.

Specified conditions

— Ambient or case temperature (Tamp OF Tcase)

— Collector-base voltage (Vcg)

— Emitter current (Ig), usually zero

— Measurement frequency (f), if different from 1 MHz
— Reference plane of measurement

— Mounting conditions, if necessary

6.1.8.2 Collector-base capacitance (Ccp)

a)

b)

c)

d)

Purpose
To measure the collector-base capacitance of a transistor under specified conditions.

Circuit diagram

C1 L,
° 20__‘ Y\
Three-terminal 1 ” ) T }/
bridge > I }\
30 C2

)
O

IEC 2337/2000

T = transistor being measured

Figure 14 — Basic circuit for the measurement of C;, using a three-terminal bridge

Circuit description and requirements

Capacitor C3 between the emitter terminal and ground should provide a short circuit at the
measurement frequency.

Measurement procedure

The method of measurement of common-base output capacitance by method 2 (three-
terminal bridge), as described in 6.1.8.1.2, may be used for this measurement.

6.1.9 Hybrid parameters (small-signal and large-signal)

Although clause 3 (dealing with essential ratings and characteristics) requires common-
emitter parameters to be quoted, it is sometimes preferable to measure the common-base
parameters and to calculate the common-emitter parameters (except in the case of hyqe
where a common-collector configuration may be used and hy¢¢ calculated in terms of hyq¢).
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(Expressions relating common-base and common-emitter parameters are given in 6.1.9.5.)

The measuring methods described in this subclause are intended to measure the four hybrid
parameters in the frequency range where their reactive components compared with their non-
reactive components are negligible. In order that these conditions may be satisfied, the
frequency of measurement must be sufficiently low so that the effects of the reactive
components are negligible. However, at a relatively low frequency such as 1 000 Hz, the
reactive components may be quite appreciable.

6.1.9.1 Common-emitter small-signal short-circuit input impedance hq1e
Common-emitter small-signal short-circuit forward current transfer ratio hyqe

a) Purpose

To measure the common-emitter small-signal input impedance and forward current
transfer ratio with the output short-circuited to alternating current, under specified
conditions.

b) Circuit diagram

Ic

Rc L2
(2
| S|

-

+
VCC Q?
%A IEC 2338/2000

T = transistor being measured

N
/

Figure 15 — Basic circuit for the measurement of hy1e and hyqe

c) Circuit description and requirements

Capacitors C shall present short-circuits at the measurement frequency. Resistor R¢ is an
accurate standard resistor of low value compared to 1/hze. Ry shall be accurately
calibrated. V1 is an a.c. electronic voltmeter.

The stray capacitance between base to ground and collector to ground shall be small.

The inductance L¢ shall have a high reactance compared with h{{¢ and may be resonated
with a parallel capacitor C¢ at the measurement frequency.
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d) Measurement procedure

The collector voltage and then the emitter current are increased in sequence until
the specified bias conditions are applied to the device, care being taken not to exceed the
device ratings during adjustment.

Signal generator G is set to the specified frequency; Vcg, Vg and Vpe are measured by
means of the high-impedance electronic voltmeter V4.

h44e is calculated as follows:
Vb Vg ~Vbe
h11e=—|e lp B h11e=Rg—V =Y
b g g ~Vbe
If Rg is large compared with hq1e, Vg >> Ve
then:

Vb
h =R, 2%
11e g Vg

If Vg4 is maintained at a constant value, the meter indicating Ve can be calibrated directly
in terms of hq4e.

hs4e is calculated as follows:

h lc | = Vee L= Vg — Vbe
21e = c = b =
Iy Rc Rg
h Vce Rg
21e — :
Rc Vg —Vpe

If Rq is large compared with hq1e, Vg >> Vpe
then:

Rg
I?C

~

V
hpte = —=
Vg

If Vg is maintained at a constant value, the meter indicating Ve can be calibrated directly
in terms of hyqe.

e) Specified conditions
— Ambient or case temperature (Tagmp Or Tcase)
— Measurement frequency (f)
— Collector current (I¢)
— Collector-emitter voltage (V¢g)

6.1.9.2 Common-emitter small-signal open-circuit reverse voltage transfer ratio hqse

a) Purpose

To measure the common-emitter small-signal reverse voltage transfer ratio of a transistor,
with the input open-circuited to alternating current, under specified conditions.
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b)

c)

Circuit diagram

§ o cl c c
L1 ——

Q 10 VCCQ

%2;4 IEC 2339/2000

T = transistor being measured

Figure 16 — Basic circuit for the measurement of hq,e

Circuit description and requirements
Vpe and Ve are measured on electronic voltmeter V4.
Capacitors C shall present short circuits at the measurement frequency.

The inductance L4 shall have a high reactance compared with h141¢ and may be resonated
with a parallel capacitor C4 at the measurement frequency.

At the measurement frequency, the reactance of Ly shall be large compared to the output
impedance of the generator G.

Measurement procedure

The output of the collector voltage source V¢c is increased until the specified collector-
emitter voltage is reached.

The output of the emitter current source is increased until the specified collector current is
indicated on ammeter A. The collector-emitter voltage should be checked and adjusted,
if necessary.

The output of the signal generator G is increased until the a.c. collector voltage is
approximately equal to one tenth of the specified value of the collector-emitter voltage.
This shall be measured on electronic voltmeter V4 reading Vge.

\Y
h12¢ is calculated using the formula: hqye = be

ce

If Vee is maintained at a constant value, the meter indicating Ve can be calibrated directly
in terms of hqge.

Specified conditions

— Ambient or case temperature (Tamp OF Tcase)
— Measurement frequency (f)

— Collector current (Ic)

— Collector-emitter voltage (Vcg)
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6.1.9.3 Common-emitter small-signal open-circuit output admittance hooe

a) Purpose

To measure the common-emitter small-signal output admittance of a transistor with the
input open-circuited to alternating current, under specified conditions.

b) Circuit diagram

Ic

(5

IEC 2340/2000

T = transistor being measured

Figure 17 — Basic circuit for the measurement of hyoe

c) Circuit description and requirements

Capacitors C shall present short circuits at the measurement frequency. Resistor R¢ is an
accurate standard resistor of low value compared to 1/hyse. The inductance L¢ shall have
a high reactance compared with hq4¢ and may be resonated with a parallel capacitor C4 at
the measurement frequency.

Vce and Vg are measured by means of an electronic voltmeter V4. The impedance of the
electronic voltmeter used to measure Vg shall be large compared with 1/hooe.

d) Measurement procedure

The output of the collector voltage source V¢ is increased until the specified collector-
emitter voltage is reached.

The output of the emitter current generator is increased until the specified collector current
is indicated on ammeter A. The collector-emitter voltage should be checked and adjusted,
if necessary.

The output of the signal generator G is increased until the a.c. collector voltage is
approximately equal to one tenth of the specified value of the collector-emitter voltage.

| Vg —Vee
hoge = —— le =

ce I:QC
hooe = Vg ~Vee

Vce RC

If Vg4 is maintained at a constant value, the meter indicating V¢e can be calibrated directly
in terms of hooe.
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e)

Specified conditions

— Ambient or case temperature (Tamp OF Tcase)
— Measurement frequency (f)

— Collector current (Ig)

— Collector-emitter voltage (VcEg)

6.1.9.4 Common-base small-signal open-circuit output admittance hoyp

a)

b)

c)

Purpose

To measure the common-base small-signal output admittance of a transistor with input
open-circuited to alternating current, under specified conditions.

Circuit diagram

L{Vcs
o | o—
S
T
C

Re Rb [:I c ———

- +
IEE 9 <> Vcc Q

h i

;;%z IEC 2341/2000

T = transistor being measured

Figure 18 — Basic circuit for the measurement of h,,y,

Circuit description and requirements

Capacitors C shall present short-circuits at the measurement frequency.

Re shall be large relative to z41, + Ry. Vp and Vg are measured on an electronic voltmeter V.
Measurement procedure

The output of the collector voltage V¢ is increased until the specified collector-base
voltage is reached.

The output of the emitter current source is increased until the specified collector current is
indicated on ammeter A. The collector-base voltage shall be checked and adjusted, if
necessary. The voltmeter Vg is then disconnected.

The output of signal generator G is increased until the a.c. collector voltage is
approximately equal to one tenth of the specified value of the collector-emitter voltage.

hoop = lc = I, since the emitter is open circuited

e
Vcb
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Then:
| V V
h22b ~ _b |b = b

Veb = Vg = Vb hoop = —(V—)b
Vcb Rb Rb g _Vb

If Ry is small compared with 1/hp2p, Vg >> Vy
then:

Vo
Vg Ry

hoop =

If Vg is maintained at a constant value, the meter indicating Vi, can be calibrated directly in
terms of hyop.

e) Specified conditions
— Ambient or case temperature (Tamp OF Tcase)
— Measurement frequency (f)
— Collector current (I¢)
— Collector-base voltage (Vcg)

6.1.9.5 Expressions relating common-base and common-emitter h parameters

6.1.9.5.1 Small-signal value of the short-circuit input impedance

N11p
Ni1e = Ah = hqq -hyy —hqy-h
e = 7~ hron + Nyre + Abe ( 11 -hag —hiz-hyy)

M1p
1+ hoqp

If Ahb_h'le <<1+h21b h11e:

6.1.9.5.2 Small-signal value of the short-circuit forward current transfer ratio

oo = —Ahy —hap hoo =~ _N21b
21e = 2Me = T —
1_h12b +h21b +Ahb 1+h21b
h _ _Ahe _h21e h ~ _h21e
21b = 216 = T
1—h12e + h21e +Ahe + 21e
. hoc +1
hotp = ——hc
21c
1 -
1+ hye = ——— and hi1e = higp (h21e +1)
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6.1.9.5.3 Small-signal value of the open-circuit reverse voltage transfer-ratio

heo = Ahy, — hqpp h hb11 - haob = yap (hogp +1)
12e — 12e

1_h12b +h21b +Ahb 1+h21b

N

or h12e = hy1p - Nagp (14 21e )= y2p

It must be appreciated that there is a risk of considerable error in the result obtained from this
calculation, because the two terms of the difference may be of comparable magnitude.

6.1.9.5.4 Small-signal open-circuit output admittance

hype — h22p hype = h226
® 1=hygp + hyyp + ANy ® +hap
or hae = Nogp - (1+ hate)

6.1.9.6 Common-emitter forward current transfer ratio (h1g)
(output voltage held constant) (d.c. and pulse methods)
a) Purpose

To measure the static value of the common-emitter forward current transfer ratio of a
transistor under specified conditions.

b) Circuit diagram

Ic

()
N

Nt
OEEN

- RO}

IEC 2342/2000

Figure 19 — Basic circuit for the measurement of h, ¢

c) Circuit description and requirements

For a fixed value of Ig, the ammeter indicating the base current Ig can be calibrated
directly in terms of hyqe. The constant-current source can be replaced by a pulse
generator, in which case both ammeters should be peak-reading instruments.
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d) Measurement procedure
The temperature is set to the specified value.

The voltage supply Vcc is adjusted to obtain the specified voltage Vg indicated on
voltmeter V.

The current from the current generator Igg is increased until the specified collector current
Ic is indicated on the ammeter.

The collector-emitter voltage Vg should be checked and adjusted, if necessary.
Ic
ho1e = —
Is
e) Precautions to be observed

When a pulse method is used, care should be taken that transients do not affect the
accuracy of the measurement.

f) Specified conditions
Ambient or case temperature (Tamp OF Tcase)

Collector current (I¢)

Collector-emitter voltage (Vcg)
If a pulse method is used:

Pulse duration and duty cycle of the pulse generator (ty, 0), preferably t, = 300 ps, 6< 2 %.

6.1.10 Voltage ratings and measurable characteristics limiting the working voltages
(Ver)cBO: V(BR)EBO: IsS/B)

6.1.10.1 Introduction

Information on the maximum voltages which may be applied to transistors may take the form
of ratings determined by the manufacturer, e.g.:

— Maximum collector-base voltage Vcg max.
— Maximum collector-emitter voltage VcE max.
— Maximum emitter-base reverse voltage Ve max.

or of data on characteristics which will limit the operating voltage in a circuit, e.g.:

— Collector-base breakdown voltage

with zero emitter current V(BR)CBO
— Emitter-base breakdown voltage

with zero collector current V(BR)EBO
— Collector-emitter breakdown voltage V(BR)(CE)

Ratings are based on a considerable amount of experience and take into account both
voltage-limiting parameters and life failure mechanisms. It is not possible to measure such
ratings. When the information given is in the form of data on characteristics, which would
have the effect of limiting the voltages which may be applied across the transistor in a circuit,
this implies that measurements may be made under controlled conditions.
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6.1.10.2  Collector-base breakdown voltage with zero emitter current V(gr)ceo

a)

b)

c)

e)

Emitter-base breakdown voltage with zero collector current V(grjeso

Purpose
To verify the breakdown ratings of a transistor under specified conditions.

The description given is for verifying the collector-base breakdown voltage rating, but the
method can be applied to the emitter-base breakdown voltage rating by suitably
interchanging the collector and emitter terminals.

Circuit diagram

Ic

—\ —

1O -

T IEC 2343/2000

T = transistor being measured

Figure 20 — Circuit for the measurement of V(gr)ceo

Circuit description and requirements

Resistor R is a current-limiting resistor and should be of sufficiently high value to avoid
excessive current flowing through the transistor and ammeter A.

Ammeter A should present a short-circuit and voltmeter V should present an open-circuit.
Measurement procedure

The temperature is set to the specified value.

The voltage generator should be increased until either:

— the specified maximum voltage is reached before the maximum current is reached, in
which case the rating is verified;

or:

— the specified maximum current is reached before the specified maximum voltage is
reached, in which case the rating is not verified and the transistor is rejected.

Specified conditions
— Ambient or case temperature (Tamp Or Tcase)
— Collector current (or emitter current) (I¢ or Ig)

—66-



yon. 18642552

60747-7 © IEC:2000 - 135 -

6.1.10.3 Verification method for the second breakdown current rating (Ig/g)

a) Purpose

At the specified case temperature, the specified collector voltage and current are
simultaneously applied for a given time. The specified final measurements are then carried
out to verify that the transistor is still satisfactory.

NOTE This test may be destructive.
b) Circuit diagram

-

I\ Vee (v Ic <A>

+

Igs Qi/cc
|
|
|
1
|
|
]
]

Synchronous switch IEC  2344/2000

T transistor being measured

lgg = base current generator (d.c. or pulse)

Vcc = collector voltage generator (d.c. or pulse)

Figure 21 — Circuit for the measurement of Ig/g

c) Circuit description and requirements

Generators Igg and V¢ should be provided with fast, adjustable threshold, circuit-
breakers (for instance operating in less than one microsecond) to prevent destruction of
the transistor.

A synchronous switch enables the specified current Ig (to obtain Ic) and the specified
voltage V¢ to be applied simultaneously.

Voltmeter V and ammeter A should be suitable for this verification method.
Overvoltages due to stray inductance in the collector circuit should be avoided.

A feedback circuit to automatically adjust base current in order to maintain the collector
current may be added.

NOTE A circuit for carrying out this test with the transistor in common-base configuration can also be used.
d) Measurement procedure

The case of the transistor is maintained at the specified temperature.

Generator V¢ is set to obtain the specified voltage VcE.
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With generator Igg at 0, the synchronous switch is set to the specified time (in the case of d.c.,
a duration of 10 s is considered sufficient to reach thermal equilibrium).

Generator Igp is set so that the specified value I¢ is obtained and kept constant during the
conduction time of the transistor.

e) Requirements

The transistor is satisfactory if the specified value of I¢ is reached for the specified time
(without operating the circuit-breakers) and if the final measurements are satisfactory.

f) Specified conditions
— Case temperature (T¢ase)
— Collector-emitter voltage (VcEg)
— Collector current (I¢)
—  Duration of I¢ (tp)
— If more than one cycle is required, number of cycles and maximum duty cycle ()
— If a common-base configuration is used, this should be stated

— Final measurements, required limits

6.1.11 Thermal resistance
6.1.11.1 Introduction

The measurement of thermal resistance Ry, involves the measurement of Tj and Tamp
(or Tease) While a known power is being dissipated in the transistor.

To measure the junction temperature, a temperature-sensitive device parameter must be
used.

The two parameters that are commonly used are:

1) the d.c. forward characteristic of the collector junction;
2) the d.c. forward characteristic of the emitter junction.

The forward voltage drop decreases with the increase of temperature. Hence, the forward
current at a fixed voltage or the forward voltage at a fixed current (or an intermediate
condition) can be calibrated as a function of junction temperature.

The methods of measuring the junction temperature require that very little power is dissipated
in the transistor while the calibration is being carried out, in order that the junction
temperature-sensitive parameter may be calibrated as a function of ambient temperature.
Therefore, since power must be dissipated in the transistor, the measurement of thermal
resistance requires a system of alternately applying power to the transistor and measuring the
junction temperature.

It should be noted that this method of measurement assumes that there is the same uniform
distribution of temperature over the junction when power is dissipated in the transistor as
there is when the transistor is being calibrated. This assumption may not be valid.
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6.1.11.2 General procedure for thermal resistance measurements
6.1.11.2.1 Switching times

Power is dissipated in the transistor for the majority of the time and is switched off for short
periods to enable the junction temperature to be measured.

The measuring time must be short compared to the thermal response time of the device being
measured, so that the device does not cool appreciably during the temperature measurement.

The ratio of power dissipating time to measuring time should be sufficiently high so that the
mean power dissipation is approximately equal to that dissipated in the "on" condition.

Measuring times of about 1 ms and "on" times of about 20 ms to 40 ms have been found
suitable for most low power and power transistors. With fast switch-over times and short
measuring periods, care should be taken to avoid capacitive and carrier storage effects.

6.1.11.2.2 Switching methods
The following methods may be used:

— mechanical switching techniques (i.e. relays, motor driven commutators);

— electronic switching techniques.

NOTE When measuring power transistors, the high currents flowing in the emitter and collector circuits can be
troublesome, and it is preferable to carry out switching in the base circuit.

6.1.11.2.3 Measurement procedure

Two basic measurement procedures may be used.

Procedure I:

The device is placed in a variable temperature enclosure and the value of the temperature-
sensitive parameter is measured as a function of temperature with negligible power dissipated
in the device. The device is then placed in a fixed temperature enclosure and power is
supplied. The resultant junction temperature is obtained by measuring the value of the
temperature-sensitive parameter.

The thermal resistance is given by:

where
Tref is either the ambient temperature or the case temperature;
P4 is the power supplied to the device, and is given by:

Py =1cVee + IEVEB
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Procedure Il:

The device is placed in an enclosure at an elevated temperature T, and the temperature-
sensitive parameter is observed. The device is then transferred to an enclosure at a lower
temperature T4 and power is applied until the original value of the temperature-sensitive
parameter is obtained; then:

Ty - Ty
Rth = —
P

6.1.11.3 Examples of practical circuits
6.1.11.3.1 Emitter-base forward voltage method
6.1.11.3.1.1 Introduction

The method of the thermal resistance measurement presented here is the easiest method for
the inspection of the die attachment, which may affect the reliability primarily of the power
devices. The emitter-base forward voltage is a good temperature sensitive parameter. The
thermal resistance can be calculated by using the emitter-base forward voltage variation
(AVEg) caused by a single heating pulse.

This single pulse method has the following merits compared to the method using a high duty
cycle:

a) the thermal resistance from the junction to the case can be measured easily and rapidly,
making this method applicable to a 100 % inspection of the die attachment of the devices
in the fabrication process;

b) the degradation of the die attachment of the devices during the reliability test, especially
during the thermal fatigue test, can easily be found;

c) it is possible to apply high power to the device, thus permitting the measurement of the
second breakdown point (S/B) and the safe operating area (SOAR).

6.1.11.3.1.2 Purpose

To measure the thermal resistance from the junction to any specified reference point of single
element transistors by using the emitter-base junction temperature characteristic in the
emitter-only switching mode.

6.1.11.3.1.3 List of symbols

Rin(j-x) = thermal resistance from the junction to a reference point x (in millivolts per
degree Celsius)

APT = power dissipation variation of the device under test (in watts)

AT; = junction temperature variation caused by APy (in degrees Celsius)

Im = measuring current (in amperes)

I = heating current (in amperes)

tp = heating pulse duration (in seconds)

aVEp = temperature coefficient of the emitter-base forward voltage (in millivolts per

degree Celsius)

AVgg(M)
EB = emitter-base forward voltage variation measured at Iy (in millivolts)
AVEg(2)
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6.1.11.3.1.4 Principle of the measuring method

The thermal resistance Rin(j_x) between the junction and any reference point x is measured by
selecting an appropriate heating pulse duration (tp) and using the temperature characteristic
of the emitter-base forward voltage (Vgg) to know the junction temperature.

Ie
S
/ m : c

\J1 A&
|

|
In @ Im @ VEB{ Vee <>
|
|
|

+

IEC 2345/2000

T = transistor being measured

Ilg = current probe

Figure 22 — Basic test circuit for measuring the thermal resistance of NPN transistors

Figure 22 shows a basic test circuit for measuring the thermal resistance of NPN transistors.
For PNP transistors, invert the polarity of the collector voltage supply (Vcc) and the current
direction (I, ly) in figure 23. The following applies to NPN transistors, unless otherwise
stated.

The grounded-base test circuit consists of two current generators supplying the measuring
current (Ip) and the heating current (Iy), a voltage supply (Vcc) providing the collector-base
voltage (Vcg) and a switch (S) switching the heating current. DC or pulse switching conditions
can be used for this measurement.
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T2 5
i j

o
Ie ‘

Im + Iy 4

A Ve

IEC 2346/2000

Figure 23 — Emitter current (Ig) versus emitter-base voltage (Vgg)
for the junction temperatures T;() and T;(2)

M+ H$=—————

Im

EB

Vo

V3
Vid

Va4

IEC 2347/2000

Figure 24 — Iz and Vgg change with time
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With switch S open, only the measuring current (l;) flows into the transistor being measured (T);
the emitter-base forward voltage is V1 and the junction temperature is T;(1), as shown in figure 23.
With switch S closed, the sum of the heating current and measuring current flows into the
transistor. The emitter-base forward voltage rise from V; up to Vo, immediately, while the junction
temperature rises from T;j(1) up to T;(2) during the heating pulse (tp).

The emitter-base forward voltage decreases from V, to V3 because of the negative
temperature coefficient of the emitter-base forward voltage as the junction temperature rises.

Then, with switch S open, the emitter current and the emitter-base forward voltage decrease
to Iy and V4 respectively. As the junction temperature is still high, the emitter-base forward
voltage at the measuring current remains less than the initial value V,, increasing as the
function temperature decreases and finally rises up to the initial V1 at Iy.

NOTE The accuracy of the measurement is basically determined by the accuracy of measurement of voltage V,.

To calculate the thermal resistance, Vgg(1) is observed on the oscilloscope. The changes with
time of the emitter current (Ig) and of the emitter-base forward voltage (Vgg), observed on the
oscilloscope, are schematically shown in figure 24. First of all, the magnitudes of the emitter-base
forward voltage, at the measuring current, at the times tg and tg + t, are recorded (V1 and V).

The difference of these two values is AVgg(1). Hence, the thermal resistance from the junction
to a fixed-temperature reference point x is given by:

. 1
Ring_x) = AT) _ avgg ) JaVeg )
_X - -
APt IuVeg + hegluVes

where hgg is the common-base current gain of the transistor.
In general, Vcpg is much larger than Vgg and hgg is approximately equal to 1.

Therefore to a good approximation:

AVeg™® Jav
Rinj-x) = E?HV—C/BEB (2)

The thermal resistance from the junction to a reference point is thus measured. However,
according to the location of the reference point and the material of the transistor, the operator
must choose an appropriate heating-pulse duration so that the junction is fully heated but the
temperature of the reference point does not change significantly.

For example, to measure the thermal resistance from the junction to the silicon chip, t, is
chosen less than the thermal time constant of the chip itself, experimentally several tens of
microseconds.

Similarly, to measure the thermal resistance from junction to case Rin(j—c), a pulse duration of
about 100 ms is chosen because of the thermal time constant of the material. To measure the
thermal resistance between the junction and ambient Rn(j_a), tp is chosen large enough for
the package to be in a state of equilibrium; experimentally more than several tens of minutes
are needed for most transistors.
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By using the temperature coefficient of Vgg that applies for a current equal to the sum of the
measuring current and the heating current, and by using AVgg(2) shown in figure 24, the
thermal resistance can also be calculated in the same manner using equation (1) or (2).
But the temperature coefficient at such a large current is inaccurate due to the voltage drop in
the device and so this method is not generally used.

6.1.11.3.1.5 Measurement procedure

a) The bias supply is set to the specified value Vcg.
b) Measurement of the temperature coefficient aVgpg.

The temperature coefficient of the temperature-sensitive parameter is obtained by
measuring the emitter-base forward voltage as a function of the temperature, under
operating conditions, with the specified measuring current (lIyy) and the collector-emitter
voltage (Vcg), by externally heating the device under test in a temperature-controlled
oven. Care should be taken that thermal equilibrium is reached between the measured
device and the oven system in the measurement of aVgg.

A measuring current ranging from 1 mA to 50 mA. Note that the temperature coefficient
aVEepg is negative and depends on the magnitude of the measuring current.

c) The heating current Iy is applied.

The specified emitter current must flow for the specified period (t;) to cause the junction
temperature to rise.

d) Thermal resistance calculation

The emitter-base forward voltage variation (AVgg(1)) at the measuring current is measured
on the oscilloscope or by another method or a more accurate method; the thermal
resistance is calculated using equation (1) or (2).

6.1.11.3.1.6 Specified conditions

— Measuring current (Ip)

— Junction heating emitter current (ly)
— Heating pulse duration (tp)

— Collector-base voltage (Vcg)

— Mounting arrangement

6.1.11.3.2 Current dependence of the thermal coefficient of the emitter-base
forward voltage

The thermal coefficient aVgg of the emitter-base forward voltage is a function of the emitter
current density. The relationship between the emitter current and the emitter-base forward
voltage for the transistor, where current gain hgg is nearly unity, is given theoretically by
Schockley:

2
quBni A

le = exp(aVeg /KT) (3)

Ng Wg
where
Ng is the concentration of impurities in the base region;
Dg is the diffusion coefficient of minority carriers in the base region;
n; is the intrinsic carrier concentration;
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Wpg is the base width;

T is the absolute temperature;

Ag is the emitter-base junction area;

q is the magnitude of electronic charge = 1,60 x 10-19 C;
k is the Boltzmann constant = 1,380 x 10-23 J/K.

Taking logarithms of both sides and rearranging, one obtains:

Dg n? 1
Veg = KLy 3280 € (4)
q Ng Wg Ag

Differentiation of equation (4) with respect to temperature gives the temperature coefficient
aVEeg. k/q is calculated using numerical values. aVgpg is given hy:

dVEg k
aV, = =—In(Jg)+c
EB e q (E)

= -863x102In(Jg)+c  (mMV/°C) (5)

Je = E (Alcm2)

2
c=5ln qDB—n' (mV/°C)
q Ng Wg

It is now clear that aVgg is proportional to the logarithm of Jg. Experimental measurements of
aVeg are shown in figure 25. There is a good agreement between equation (5) and the
experimental measurements.

Note that constant c is also thermal dependent, but it can be shown experimentally that its
temperature dependency is negligible within a temperature range from 0 °C to 200 °C and its
value is around 2,2 mV/K.

For large currents, aVgg may not be proportional to the logarithm of Jg, because the voltage
drop in the resistance of the device is not negligible. The measuring current shall then be
chosen small enough to ensure an accurate measurement of aVgg.
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IEC 2348/2000

Figure 25 — Temperature coefficient (aVgg) versus typical emitter current density (Jg)

6.1.11.3.3 Measurement of transient thermal resistance

There are many materials with different physical constants in the heat path from junction to
ambient. Figure 26a shows the cross-section of a typical transistor in metallic case (cavity).
Most of the heat occurring at the junction flows first into the chip, then into the solder to the
header and finally into the ambient surroundings. The total thermal equivalent circuit is
therefore considered as a series combination of individual parallel circuits, each consisting of
the thermal resistance concerning the thermal conductivity of the material and the thermal
capacitance concerning its volume. Figure 26b shows an example of the thermal equivalent
circuit.

Approximate values for the thermal resistance of each transistor component such as chip,
solder, package can be found from the transient thermal resistance characteristic which is the
relationship between the heating pulse duration and the thermal resistance.

Junction

Chip
Solder
\g

Header

IEC 2349/2000

Figure 26a — Cross-section of a typical transistor in metallic case (cavity)
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IEC 2350/2000

Figure 26b — Thermal equivalent circuit

A typical transient thermal resistance characteristic is shown in figure 27.

A
Rth (j-x)
Using single pulse
Without heat sink
R j-a 100 4——r—"-"-""-""-"-"-"r—— — — — — — —
504
10 4 With heat sink
Rth (j-c) 54— ———
14
0,5 4
10—1 -
Chip »l Chip to ambient —#=

10-5 10-4 10-3 10-2 101 1 101 102 108 tp (s)

IEC 2351/2000

Figure 27 — Typical transient thermal resistance characteristic versus heating pulse duration

The transistor junction temperature variation as a function of time is known as the
Mortenson's theory. The method of thermal resistance measurement using AVgg gives
the thermal resistance from the junction to a reference point which is determined by the
heating pulse duration. Hence the only significant thermal resistance for a small pulse
duration is that from the junction to the silicon chip. In figure 27, this region corresponds to
the thermal resistance att < 10-4 s. The thermal resistance from the junction to a farther point
is determined by the use of a longer pulse duration. The thermal resistance at point A is the
thermal resistance from junction to case Rin(j_c) and the thermal resistance from junction to
ambient Rin(j_a), With or without a heat sink, is shown by the diverging curves to the right of
point A.

It is only sufficient to choose an appropriate t, for Ry ) for the inspection of the die
attachment, which is especially important for power transistors.
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6.1.11.3.4 Application to the determination of the safe operating area

Even when the device is operated within its ratings, it may sometimes run away because of
the second breakdown (S/B). It is then important, especially for power transistors, to specify
the safe operating area (SOAR).

The safe operating area (from short pulse operation to d.c. operation) is determined easily by
using the thermal resistance measurement. The following procedure is used: the value of
AVgg increases when increasing the collector-base voltage Vcg for a given Iy and tp
conditions. It increases rapidly at a certain value of V¢g; this is an indication of the onset of
the second breakdown. Further increase may run the transistor into the second breakdown
and destroy it. These phenomena are shown in figure 28.

In general, SOAR is specified at values less than the conditions for the rising point of AVgg.
The same result will also be obtained by changing the magnitude of the heating current Iy for
a fixed V¢p.

Runaway point

A Ve A

tp: fixed

oy

Vcs

IEC 2352/2000

Figure 28 — Typical AVgg versus collector-base (Vcg) characteristic

Figure 29 shows a typical SOAR at various t,, within specified maximum values of Ic and V¢g.

At smaller Vcg, the SOAR determined by the second breakdown usually exceeds the
maximum power dissipation (Pit). So the SOAR at smaller Vcg is determined by the
maximum power dissipation rating.
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Figure 29 — Typical safe operating area

6.1.12 Switching times (tg, t;, ton, ts, tf, toff)

a) Purpose

To measure the delay, rise, turn-on, storage, fall and turn-off times of a transistor when
pulsed from the off-state to the saturated on-state and vice-versa.
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b) Circuit diagram and waveforms

RL
1 1|
Ilc
R4 Is on
—_ >
I Na
— +
Ig off
1D v (D
s -
R2 Rs
1
| I  SR—|
0OSC
\_J
IEC 2354/2000
T = transistor being measured
OSC = dual beam oscilloscope
Figure 30 — Circuit diagram
Is
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Input pulse
I 100 %
Bon ( ) (idealized waveshape)
10 % l
] . . IBoff
: A A
5 i
Ic h :
0 %[t
0 Output pulse
: Ic (100 %) (idealized waveshape)
10 % }-nmetones R
ta t IEC 2355/2000
ty = delaytime t, = rise time
ty = fall time ts = carrier storage time

Figure 31 — Switching times

c) Circuit description and requirements

R; and R may be replaced by equivalent circuits provided these circuits present the same
specified impedance and voltage conditions to the transistor being measured, immediately
before and during the measurement.
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d)

e)

f)

Precautions to be observed
See also 2.3.6 on pulse measurements in IEC 60747-1, chapter VII, section one.

Switching time measurements are critically dependent on the overall frequency response
of the complete circuit. For measurements involving very short time intervals, the
techniques of construction of the circuit must be adequate for the frequencies involved.

The frequency response, triggering and rise time of the oscilloscope must be carefully
evaluated to ensure adequate performance. A double-beam oscilloscope is normally used,
and care should be taken to ensure exactly equal delay times in the dual signal
connections to the oscilloscope.

All resistors should be low-inductance types and have +1 % tolerance.

Screened sockets for transistor leads may be necessary and the reference plane for
measurements may have to be specified.

Additional circuitry may be necessary to prevent the transistor ratings (Vgg in particular)
from being exceeded outside the measuring period.

Measurement procedure

Temperature conditions are set to the specified value. The specified collector supply
voltage (Vcc) and input waveform are applied.

The required switching times are measured between the relevant points on the input and
output waveforms as specified in figure 31.

Specified conditions

— Ambient or case temperature (Tamp OF Tcase)

— Collector current (Ic nominal)

— Base current during the pulse (Ig on Nominal)

— Peak reverse base current (Ig off nominal < 0) (for tg, t; and tys only)
— Input voltages (V1 and V)

— Maximum pulse edge transition times

— Collector supply voltage (Vcc)

— Resistances (R1 and R|)

6.1.13 High-frequency parameters (ft, Coop, Re (h11e), ¥..€, S..)

6.1.13.1 Introduction

Methods of measurement are given for the following high-frequency parameters of transistors:

a)

For transistors intended for general purpose applications:
1) Real part of the short-circuit, common-emitter input impedance:

Re (h11e)
2) Magnitude of the common-base open-circuit reverse voltage transfer ratio at a medium
frequency:
[hip |
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3) Magnitude of the short-circuit common-emitter forward current transfer ratio at a high
frequency:
[hote
4) Open-circuit common-base output capacitance:

Coap

b) For transistors intended for special purpose applications, e.g. at a standard intermediate
frequency, one complete set of the following parameters in the complex form at a specified
frequency and for specified bias conditions:

Yile Y11b
Y12e or Y12p
Yo1e Y21b
Y22e Y 22p

Precautions

1) For general precautions, see clause 2 of IEC 60747-1, chapter VII, section one.
Except as indicated, all capacitors should be effective short-circuits at the frequency of
measurement.

2) Additional precautions

If the results of high-frequency measurements are likely to be influenced by the length
of the terminals of the device (e.g. leads or pins), the reference plane for the
measurement with respect to the device should be specified.

6.1.13.2 Transition frequency (fy)

a) Purpose
To measure the transition frequency of a transistor under specified conditions.
b) Circuit diagram

i A
G I 1
| Ry Il/
II b }\\j .
r— ""——||"—-
o/ o1 |
) | |
RU ?4 || =
AT Lo [ ©
- ||
I | v Cg =——
Tl T
L
—_S—hle_ld_ IEC 2356/2000

T = transistor being measured

Figure 32 — Circuit for the measurement of the transition frequency
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c)

d)

Circuit description and requirements

Vg is an electronic voltmeter.

Vp is a signal detector.

The value of R4 is large compared with the impedance of the transistor.

The value of Ry is chosen to match the characteristic impedance of the generator.

R3 is the internal impedance of voltmeter Vg and should be of large value compared with
that of Ry.

The value of R4 must be small compared with the output impedance of the transistor.
The value of Rg should be large compared with Vgg/lg.

L1 and L, should have a high impedance at the measurement frequency and the
impedance of Ly should be at least 100 times greater than Ry,.

Capacitances C4 and Cs should present a short circuit at the measurement frequency.
Capacitances C3 and Cg should have a low impedance compared with R1 and Ry.

Precautions to be observed

1) Stray capacitance shunting the base-emitter terminals of the transistor must be
avoided as much as possible.

At very high frequencies, it may be necessary to tune out such stray capacitance,
which is done as follows.

With the transistor removed, a signal detector Vp of high impedance is connected
between the base and earth (position 1 of switch S).

The capacitor Cq is then adjusted until parallel resonance of L1 and Cq plus the stray
capacitance occurs as indicated on the detector.

The detector is then replaced by an impedance Z having a value equal to the detector
impedance, by changing the position of switch S to 2.

2) ltis particularly important that stray inductance in the emitter lead be avoided.

3) Transmission of the measuring signals between base and collector without passing
through the transistor must be avoided by screening as shown in the circuit.

The following test may be used to confirm that the screening between the base and
collector sockets is adequate.

The transistor is removed and a resistor having a value approximately equal to the
input impedance of the transistor is inserted between the base and emitter sockets.
The collector socket is left open-circuit.

The reading obtained should be so low that it does not influence the accuracy of the
measurement.

4) If the transistor being measured is a four-terminal device (including the case of a metal
case which is isolated electrically from the three other terminals), the electrical
connection to the fourth terminal should be made as specified.

Measurement procedure

With the collector and base voltage generators G, and G, set to zero, a short circuit is
inserted between the base and collector sockets.

With signal generator G tuned to the specified measurement frequency, the signal
generator output is adjusted to give the lowest convenient reading Vg(1) on the output
electronic voltmeter Vo compatible with an adequate signal-to-noise ratio.

The short circuit is removed. The transistor to be measured is then inserted into the test
socket.

The collector and base voltage generators G; and G, respectively are adjusted in
sequence until the specified bias conditions are applied to the device, care being taken
not to exceed the device ratings during adjustment.
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Temperature conditions are set to the specified values, and any necessary adjustments
are made to the bias conditions.

With the same signal generator conditions, the reading Vo(2) on the output electronic
voltmeter is noted.

The transition frequency is calculated using the expression:
fr = f\ﬁ
Vo(l)
where f is the frequency of the measurement.
f) Specified conditions
— Ambient or case temperature (Tamp OF Tcase)
— Measurement frequency (f)
— Collector-emitter voltage (Vcg)

— Collector current (I¢)

6.1.13.3 Open-circuit common-base output capacitance (Cyzp)

6.1.13.3.1 For a three-terminal device, the measuring method is given in 6.1.8.1.2 and
described in figure 13 is applicable.

6.1.13.3.2 If the transistor being measured is a four-terminal device (including the situation
of a metallic case, which is electrically isolated from the three other terminals), the electrical
connection to the fourth terminal should be made as specified.

For such a device:

a) If the specification requires that the fourth terminal be connected to either the emitter,
base or collector terminal, the method for a three-terminal device is applicable.

b) If this is not the case, the method of measurement to be used is under consideration.

6.1.13.4 Real part of the short-circuit common-emitter input impedance (Re(h11¢))
6.1.13.4.1 General

The resistive and reactive components of the short-circuit common-emitter input impedance
hi1e can be measured by means of the circuit shown in block diagram form in figure 33.
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Transistor
|
Ad
G Adm R \"
IEC 2357/2000

G = modulated signal generator R = receiver
Ad = adaptor V = electronic voltmeter

Adm = admittance bridge

Figure 33 — Block-diagram of the circuit for the measurement of the resistive
and reactive components of h11e

Any of several different types of bridge may be used, e.g. a VHF admittance bridge, an
RX meter or a transadmittance bridge. In all cases, an adaptor is necessary to provide the
bias to the device and to connect the transistor input terminals to the bridge terminals, with
the transistor output terminals short-circuited for a.c.

A circuit of a suitable adaptor for this measurement is shown in figure 34. The values of capa-
citors C; and C, should be chosen to be effective short circuits at the frequency
of measurement.

R
{ }- O
L J
VBB
R2
1 (A} o
i 4 Vee
T L ®
Ci \ €2 Vee
Adm 2
3
W?L/Z IEC 2358/2000
Adm = admittance bridge 3 = measurement terminal
1 = measurement terminal T = transistor being measured
2 = neutral (if present)

Figure 34 — Circuit of the adaptor shown in figure 33
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6.1.13.4.2 Special precautions

a) Care must be taken that leads connecting the transistor to the bridge are of low in-
ductance, since the error due to stray inductance may be serious, even at relatively low
frequencies.

b) Since the parameter hi1e is particularly sensitive to the signal voltage level, attention is
called to the general precaution given in 2.3.3 of IEC 60747-1, chapter VII, section one.

6.1.13.4.3 Measurement procedure

The bridge is first balanced with the transistor removed, and the admittance or impedance
arising from the biasing circuit and adaptor is either balanced out by a preset adjustment of
the bridge or its value recorded.

The transistor is then inserted and the bias conditions are adjusted. The bridge is balanced
again and the readings are taken.

The value of Re(hiie) is then obtained from the last readings either directly or after
correction, using the recorded value arising from the initial adjustment.

6.1.13.5 Common-emitter y parameters

The methods of measurement for the four complex common-emitter y parameters are
described below. These methods are applicable for frequencies less than about 50 MHz.

The y parameters can be measured by using a bridge of the differential transformer type.

The method of measurement is shown in figure 35.

n
O O

IEC 2359/2000

detector

.
S
I

three-pole being measured

Figure 35 — Circuit for the measurement of complex common-emitter y parameters
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When the bridge is adjusted for a null, then the following conditions are fulfilled:
-l =13 and V,; =0
Furthermore, since V; = V7, the following relation holds:
~Ymn = Yv

where ymn is the short-circuit forward transadmittance of the three-pole to be measured.

This three-pole represents the transistor to be measured including the suitable biasing
circuitry and adequate by-passing. The three-pole circuit has to be chosen according to the
various y parameters of the transistor.

The correspondence between the transistor terminals and the bridge terminals m, n and p, for
the various y parameters, is shown in figures 37, 38 et 39.

Figure 36 shows the three-pole circuit for the measurement of y;1e.

11 ol
m C C2
- v
“T- CE
Ye
Yc [] A)lg
VCC e —_ VEE

©T O—

IEC 2360/2000

Figure 36 — Three-pole circuit for the measurement of y;1¢

The admittances Yg and Yc must satisfy the following conditions:

Cl)CZ >> IYc|

® Cy >> |Yg|

These conditions can be obtained, for instance, by using a resistor in series with an inductor
or by a parallel tuned circuit.

In addition, the following conditions must be satisfied:
w Cl >> IYC| X |h219|

® C1 >>|yo1e|x|N21e]
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Figure 37 shows the three-pole circuit for the measurement of yooe.

D
o/

C»
ea— | —on
T
C1
11
11
Ys

Ye

P IEC 2361/2000

Figure 37 — Three-pole circuit for the measurement of y,,,

Conditions:

© Cy >> Y12e " Y21e
Y22e
Y
®Cy >> Y12e " YB
Y 22e

® Cy >> |Yae|
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Figure 38 shows the three-pole circuit for the measurement of yy1e.

yon. 18642552

mo

- -

Ys Yc

\ P
)
o

p
Figure 38 — Three-pole circuit for the measurement of y,qe

Conditions:
®Cq >>|y116|
@ Cq >> |YB|
@ Cp >> |y 50|

@ Cy >> |YC|

IEC 2362/2000

NOTE A phase reversing transformer (shown in the figure) needs to be added if the bridge is not capable of

measuring a negative conductance.
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Figure 39 shows the three-pole circuit for the measurement of y;7e.

C1
|1
o] N s

Yc

Ys

IEC 2363/2000

Figure 39 — Three-pole circuit for the measurement of y;,e

Conditions:
® Cy >> |y 2|
@ Cqy >> |YC|
® Cg >>|y11e|

[0 C2 >> |YB|

The methods of biasing shown in these figures are given for illustration only, other methods
consistent with good engineering practice may also be used.
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6.1.13.6.1 Input (s11) and output (syy) reflection parameters

a) Purpose

To measure transistor parameters s11 and sy» at a specified frequency.

b) Circuit diagram

Directional Directional Adapter with transistor
Bias filter coupler coupler being measured
Fq D R —o0 2
1
I ) -
I ; — — N
l W/¢'p Va/[¢r
* T
Vi
F
G Ao Phase s Bias filter +O0—1—— 2
shifter Va
Signal 1
generator
ZWZ/ -
Attenuator A Matched load Ro
Voler
Ratio meter
Ve/Vo

Phase difference
meter pg—¢p

IEC 2364/2000

Figure 40 — Block diagram of the circuit for the measurement of s;; and s,, parameters

c) Circuit description and requirements

The methods specified below refer to both bipolar (NPN and PNP) and unipolar
(N-channel and P-channel, both depletion and enhancement types) transistors for any

type of configuration.

The circuit shown is valid for NPN transistors in the common-emitter configuration. For
other types of transistors and/or configurations, the polarities of bias voltage and current

are changed appropriately.

Two measuring methods are possible in connection with the circuit shown in figure 40:

1) direct reading method, when ratio and phase difference meters are direct reading
meters. In this method, attenuator A and phase shifter S are not necessary and, for
single-frequency measurements, they must be set to read a minimum value Ag

(if possible 0 dB) and Sq (if possible 0 degree);

2) null method, when calibrated ratio and phase meters are not available.
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d)

Precautions to be observed

Small-signal conditions must be maintained; see 2.3.3 of IEC 60747-1, chapter VII, section
one.

The adaptors for the transistors should be designed so that connectors or transitions
between different types of waveguides, if any, do not show appreciable mismatching, with
adequate decoupling between input and output lines.

For the adaptor, a drawing should be given and the reference plane indicated.

The lines connected to terminals 1 and 2, including those inside the adaptor, should have
a characteristic impedance equal to the purely resistive reference impedance chosen for
the measurement of the s-matrix. The load resistance must have the same value.
The attenuation of the lines should be negligible and the directional couplers must have
adequate directivity.

If the signals from the terminals of D and R are of too small amplitude with respect to the
sensitivity of the meters, two amplifiers having identical characteristics may be inserted in
the two lines coming from these terminals.

If the ratio Vgr/Vp and phase meters (or the null detector) are unsuitable for the
measurement frequency, two mixers having identical characteristics and driven by a single
local oscillator may be inserted in the two lines coming from terminals of D and R to make
a frequency conversion.

When amplifiers or mixers are incorporated, care should be taken to operate them in a
linear range. It is therefore advisable to use the procedure given under €)1) or to use the
null method of measurement under €)2).

The bias filters must be such that line mismatching is minimized.

If there is a separate terminal connected to the case, this must be grounded, unless
otherwise specified.

Measurement procedure
1) Direct reading method

With V; = 0 and the transistor removed, a short circuit is inserted between the input
terminals of the adaptor (point 1) at the reference plane at which the measurement is
to be made.

Under these conditions, the ratio meter should be adjusted to read unity and the
phase meter to read 180°.

Differences observed between measurements of phase difference, when switching
from short-circuit to open-circuit conditions, indicate a lack of accuracy in
implementing short-circuit or open-circuit conditions at the reference plane.
The observed differences should be taken into account when determining the
accuracy of the measurements.

The transistor is then inserted into the adaptor, taking care that the input terminals
(point 1) coincide with the input port for the measurement of parameter s11 or with
the output port for the measurement of parameter s,,. The specified bias voltages
are applied to the appropriate terminals.

The amplitude ratio (Vr/Vp) and the phase difference (®r — @p) are then measured
by means of the two meters.
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f)

2)

The value of the parameter s11 (or sy») is calculated using the expression:

s11 (0r ) =VR IVp /PR~ Pp (6)

NOTE |If the ratio Vg/Vp is lower than the minimum usable reading of the ratio meter, the setting of the
attenuator A can be varied from the initial value Ay to a value Agq, so that the ratio Vgx/Vp falls within the
range of the meter readings. In a similar way, to obtain a more precise phase difference indication,
the setting of the phase shifter S can be varied from the initial position Sy to a new position Sy;.

This procedure is valid provided that the attenuator has a constant phase-shift and the phase shifter has
constant attenuation, in which case the value of the parameter s;; (or s,,) is calculated using the
expression:

- Ve Vo @~ (+S, —S.)
o1 (07 22) antilog[(AOl—Ao)/zo]/R -~ = > ™

Null method

The measurement is made by means of a calibrated attenuator A having a constant
phase shift, a graduated phase shifter S having a constant attenuation and a null
detector which replaces the ratio meter and the phase meter of the previous method.

In this case, the measurement procedure is as follows.

With V1 = 0 and the transistor removed, a short circuit is inserted between the input
terminals (point 1) of the adaptor at the reference plane at which the measurement is
to be made.

Attenuator A and phase shifter S are then varied until a null is observed and the
readings Ag (decibels) and Sg (degrees) are recorded.

The transistor is inserted in the adaptor, taking care that the input terminals (point 1)
coincide with the input port for the measurement of the parameter s;; or with the
output port for the measurement of the parameter s»».

The specified bias voltages are applied to the appropriate terminals.

The null condition is then obtained by means of variations of attenuator A and phase
shifter S; the values A; (decibels) and S; (degrees) are recorded.

The value of the parameter s11 (or s»5) is calculated using the expression:

S11 (or syp) = antilog [(Al - AO)/ZO] /180° +5,-5y (8)

Specified conditions

Ambient temperature (Tamp)

Bias conditions

Frequency (f)

Reference plane

Purely resistive reference impedance
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6.1.13.6.2 Measurement of forward (s»1) and reverse (s1») transfer parameters

a) Purpose

To measure transistor parameters sy1 and sy, at a specified frequency.

b) Circuit diagram

Adapter with transistor

o
S
-

Directional
Bias filter coupler 1 being measured
Fy D
| 3
| 73 —
& Volto
Vi
Phase
. C) Ro shifter S
Signal
generator

A

Attenuator A

Ratio meter

Attenuator

Directional
coupler 2

T
B

Viler
Bias filter
+ O———"""—] F2
vy
AI

VilVo

Phase difference

meter gg—¢p

Ro

Matched load

IEC 2365/2000

Figure 41 — Block diagram of the circuit for the measurement of s;, and s,; parameters

c) Circuit description and requirements

The methods specified below refer to both bipolar (NPN and PNP) and unipolar
(N-channel and P-channel, both depletion and enhancement types) transistors for any

type of configuration.

The circuit shown is valid for NPN transistors in the common-emitter configuration.
For other types of transistors and/or configuration, the polarities of bias voltage and
current are changed appropriately.

Two measuring methods are possible in connection with the circuit shown in figure 41:

1) direct reading method, when ratio and phase difference meters are direct reading

meters;

2) null method, when calibrated ratio and phase difference meters are not available.

d) Precautions to be observed

Small-signal conditions must be maintained, see 2.3.3 of IEC 60747-1, chapter VII, section one.
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e)

The adaptors for the transistors should be designed so that connectors or transitions
between different types of waveguides, if any, do not show appreciable mismatching with
adequate decoupling between input and output lines.

For the adaptor, a drawing should be given and the reference plane indicated.

The lines connected to terminals 1 and 2, including those inside the adaptor, should have
a characteristic impedance equal to the purely resistive reference impedance chosen for
the measurement of the scattering matrix. The load resistance must have the same value
as in item d) of 6.1.13.6.1. The attenuation of the lines should be low and the directional
couplers must have adequate directivity.

If the signals from the terminals of D and T are of too small amplitude with respect to the
sensitivity of the meters, two amplifiers having identical characteristics may be inserted in
the two lines coming from these terminals.

If the ratio and phase meters (or the null detector) are unsuitable for the measurement
frequency, two mixers having identical characteristics and driven by a single local
oscillator may be inserted in the two lines coming from the terminals of D and T to make a
frequency conversion.

When amplifiers or mixers are incorporated, care should be taken to operate in a linear
range. It is therefore advisable to use the procedure given under e)1) or to use the null
method of measurement under e)2).

The bias filters must be such that line mismatching is minimized.

If there is a separate terminal connected to the case, this must be grounded, unless
otherwise specified.

Measurement procedure
1) Direct reading method

With V1 = V, = 0, the input and output terminals are linked so that the characteristic
impedance of the line is maintained through the adaptor; the ratio and phase meters
are so adjusted as to obtain a reading of unity on the ratio meter and of 0 degree on
the phase meter.

The transistor is then inserted into the adaptor, taking care that terminal 1 coincides
with the input port for the measurement of parameter s,1 or with the output port for
the measurement of parameter s15. The specified bias voltages are applied to the
appropriate terminals.

The amplitude ratio (V1/Vp) and the phase difference (&1 — @p) are measured by
means of the two meters (see note below).

This procedure is valid provided that the attenuator has a constant phase shift and
the phase shifter has a constant attenuation, in which case, the value of the
parameter sp1 (Or s12) is calculated using the expression:

Sp1(0r s12) =V1 /IVp / Pr— Pp (9)

NOTE If the ratio V1/Vp is lower than the minimum usable reading of the ratio meter, the setting of the
attenuator A can be varied from initial value Ay to a value Ay, so that the ratio V4/Vp falls within the
range of the meter readings.

Similarly to the above, for values of the ratio V{/Vp higher than the maximum usable reading of the
meter, the setting of the attenuator A’ can be varied from the initial value A’y to a value A'y; so that the
ratio V¢/Vp falls within the range of the meter readings. In a similar way, to obtain a more precise
phase-difference indication, the setting of the phase shifter S can be varied from its initial position S to
a new position Sgp;.

In this case, the value of the parameter s,; (or s;,) is calculated using the expression:

Vo IV,
Syp (OF S1) = 1D Dr = (D + Sy~ Sp) (10)
220 antilog {[(Agy — Ag) — (A - A('))]/ZO}/
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Null method

The measurement is made by means of two calibrated attenuators A and A’ having a
constant phase shift, a graduated phase shifter S having a constant attenuation and
a null detector which replaces the ratio meter and the phase meter of the previous
method.

In this case, the measurement procedure is as follows.

With V1 =V, = 0, a short circuit is inserted between the isolated points of terminals 1
and 2 of the adaptor.

Attenuator A and phase shifter S are then varied until a null is observed, and the
readings Ag and Sg are recorded.

Attenuator A’ is set at its minimum reading A’g.

The transistor is inserted into the adaptor, taking care that terminal 1 coincides with
the input port for the measurement of parameter s,q or with the output port for the
measurement of parameter sq».

The specified bias voltage are applied to the appropriate terminals.

The null condition is then obtained by means of variations of attenuators A and,
where necessary, A’ and phase shifter S. The values A1, A’1 and S; are recorded.

The value of the parameter s,1 (or s12) is calculated using the expression:

s21 (or s12) =antilog { [(Ag; — Ag) - (A1 — Ay) ]/ 20} /S1-So (11)

f) Specified conditions

— Ambient temperature (Tamp)

— Bias conditions

— Frequency (f)

— Reference plane

— Purely resistive reference impedance

6.1.14 Noise (F)

6.1.14.1

Introduction

The noise characteristics of a transistor should be measured in terms of noise figure (F). This
noise figure is defined as the ratio of the total available noise power output from the transistor
when connected to a source to that which is generated solely by the source.
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The measurement is made in the circuit as outlined in the block diagram of figure 42 using
either a noise diode or a signal generator as described in 6.1.14.3, 6.1.14.4 and 6.1.14.5.

—o/l_— - ‘l\v—
G — CM |— A, S s Ay

T 1 1

B
—(i— Att, AL\)-
Sy Sy D
T IEC 2366/2000
G = generator A1, A, = amplifiers
CM = transistor measurement circuit Att,, Att, = attenuators
B = bias D = detector with specified response time

Figure 42 — Basic block diagram for the measurement of the noise figure

The value of the transistor source impedance, the d.c. operating conditions, the circuit
configuration, the frequency of measurement, the amplifier bandwidth and the detector time
constant should be specified. If the input network must be adjusted to give optimum noise
performance, this should be indicated.

Where possible, the noise diode method should be used, but for frequencies less than 1 kHz
a suitable noise diode may not be available, in which case the signal generator method
should be used.

6.1.14.2 General requirements
6.1.14.2.1 Shielding of measuring equipment

The measuring equipment must be very well shielded and grounded in order to prevent pick-
up of unwanted signals.

6.1.14.2.2 Generator

A suitably calibrated generator should be used. All resistors which form part of the effective
noise source for the transistor being measured should be of a low-noise type, such as
deposited metal film resistors, in order to minimize contact and breakdown noise.
For measurements in the HF and VHF range, care should be taken to avoid errors due to
series inductance in the generator, which can be particularly serious at the higher
frequencies.

6.1.14.2.3 Bias supplies

Batteries or low ripple d.c. supplies should be used. Any bias applied should be decoupled for
both radio frequencies and audio frequencies.
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6.1.14.2.4 Preamplifier (amplifier no. 1)

A preamplifier can be inserted between the transistor being measured and the attenuator
no. 1, if desired. If this is done, the preamplifier must meet the linearity and other relevant
requirements givenin 6.1.14.2.6.

The preamplifier should include an impedance matching network between the output of the
transistor and the input of the preamplifier, in order to reduce the contribution of second stage
noise.

6.1.14.2.5 Attenuators

Attenuator no. 1 is used to minimize the effect of non-linearities in the post amplifier and the
noise indicator, by controlling the gain of the system.

Attenuator no. 1 can also be used at higher frequencies to determine the effect of the noise
caused by amplifier no. 2 when the transistor gain is low. A switch S is connected across the
attenuator, as shown in figure 42. The use of this switch will be described in 6.1.14.4.3.

6.1.14.2.6 Amplifier no. 2 (post amplifier)

The amplifier noise should be such that, with the noise generator turned off, any transistor
being measured gives an increase of at least 15 dB above the reading due to the post
amplifier itself with no transistor in the circuit. If this is not achieved, the effect of the amplifier
on the overall noise figure must be considered. This can be done conveniently by means of
attenuator no. 1 (see 6.1.14.4.3).

Heterodyne type amplifiers may be used, but careful attention must be paid to the image and
other spurious responses which can be encountered with such amplifiers. These spurious
responses must be made negligible or must be specified and accounted for in the
measurement.

The amplifier should have an input impedance which matches attenuator no. 1 for the attenu-
ation to be known accurately.

The amplifier must be essentially linear from the r.m.s. level used to a minimum of 20 dB
above this level, in order to take into account the crest factor of the noise.

Additional flexibility may be provided by making the gain of the amplifier variable.

Theoretical analysis and empirical experiments have shown that, if the overall amplifier
bandwidth relative to the centre frequency is 15 % or less, the measured noise figure will be
within a few per cent of the noise figure referred to a bandwidth of 1 Hz.

6.1.14.2.7 Detector and output voltmeter

The voltmeter in the detector must respond to the true r.m.s. value of the applied signal and
must be able to handle a crest factor of at least 12 dB.

The product of the overall bandwidth and the detector time constant should be large enough
to reduce fluctuations in the voltmeter reading, so that adequate discrimination can be
obtained in the measurement.
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6.1.14.3 Noise figure in the frequency range up to 3 MHz (F)
6.1.14.3.1 General

The noise figure is measured with the transistor connected in an amplifier circuit having the
general configuration shown in figure 43. A similar configuration in which the transistor is
operated in the common-base or common-collector connection may be used.

Cs
il
Ca 0
P— o T ! —_—
11 ;\ Att
—
G
C» Ly
R4 Rz
LC
——Cy
4
Vee -
7 Vce 7.’?‘
——Csg
(e, O
IEC 2367/2000
G = input from noise generator T = transistor being measured
LC = tuned circuit, or resistance Att = attenuator

Figure 43 — Basic circuit for the measurement of the noise figure up to 3 MHz

In figure 43, the input and output circuits are two tuned circuits, or a resistor and a tuned
circuit, respectively. With the transistor connected into the circuit, the input and/or output
circuits are tuned for maximum power gain at the frequency for which the value of the noise
figure is to be determined. The noise output is read under the conditions of tuning. The
blocking and bypass capacitors, C3, Cs and C4, Cg must have a low impedance at the
frequency of measurement. The values of Vgg and R, are determined by the specified emitter
current for the transistor, and the value of Vcc depends upon the specified collector-base
voltage.

The equivalent parallel resistance of the input circuit should be large compared with the
generator resistance.

6.1.14.3.2 Method of measurement (see figure 42)
The bias of the transistor is adjusted to the specified values. With the noise generator output

set to zero and with attenuator no. 2 switched out of the circuit, a reference level is obtained
on the noise indicator.

Attenuator no. 2 is then switched into the circuit. Next the noise generator is turned on and its
output is increased until the noise indicator returns to the reference level.
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The recorded value of the output of the noise generator is then used to compute the noise
figure. For example, if a thermionic noise diode is used as the noise generator at 25 °C, the
noise figure is:
19,4 x1p Ry
F (dB) = 10log——
M-1

where

Ip is the noise diode d.c. anode current, in amperes;

Ry is the source resistance, in ohms;

M is the antilogarithm of one tenth of the attenuator reading, in decibels.

A value of M = 2, corresponding to an attenuator setting of 3 dB, is often used.

In this case, the noise output of the diode is equivalent to the noise power of the transistor
being measured.

6.1.14.4 Noise figure in the HF or VHF range (3 MHz-300 MHz)
6.1.14.4.1 General

The transistor being measured is inserted into an amplifier circuit having the general
configuration shown in figure 44. A similar configuration in which the transistor is operated in
the common-base or common-collector configuration may be used.

N,

R 14 Vee
—_—C
Vee
IEC 2368/2000
T = transistor being measured N, = output network, tuned
N; = input network, tuned N3 = optional neutralization network

Figure 44 — Basic circuit for the measurement of the noise figure from 3 MHz to 300 MHz
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The values of Vgg and R, are determined by the specified emitter current for the transistor
and the value of Vcc depends upon the specified collector-base voltage.

The input network should have a bandwidth sufficiently large to ensure that the accuracy of
measurement is not affected. Alternatively, the input bandwidth may be selected as desired,
and the contribution of the input network should be taken into account in the calculation of the
noise figure. The input network should provide an effective bypass for audio frequencies.
The tuning conditions for input and output networks must be stated.

The use of a neutralization network is optional. It should be used, if necessary, to maintain
stability of the amplifier.

6.1.14.4.2 Method of measurement

The procedure is the same as given in 6.1.14.3.2.

6.1.14.4.3 Effect of amplifier noise

At higher frequencies, where the noise output of the transistor being measured is less than
15 dB above the amplifier noise, attenuator no. 1 may be used to obtain the correct value
for F1, the noise figure of the transistor alone, in terms of the overall noise figure Fq».

To do this, the input impedance of amplifier no. 2 must be matched to the attenuator.

The correction for the amplifier noise is based on the well-known equation for the noise figure
of cascaded amplifiers:

Fio = F+ (F 1)
Gy
where
F1 is the true noise figure of the transistor alone,
G, isits available gain,
F, is the noise figure of amplifier no. 2,

and where the values of gain and noise figure are expressed numerically.

This equation is valid only if the output impedance of the transistor has been matched to the
input impedance of the following stage.

However, in order to avoid having to measure F, and G4, two measurements of the overall
noise figure can be made. In this case, the preamplifier must not be used. First, the overall
noise figure Fy, is measured with attenuator no. 1 switched out of the circuit. Then attenuator
no. 1 is switched in the circuit and set to an arbitrary loss, L (e.g. a factor of 4) and a second
measurement of the overall noise figure F'1, is made.
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In the second case, F’» is given by the equation:

, 1
Fl, =F +(LF -1)25—

1

where L is expressed numerically.
Solving the above two equations for F; leads to:

_LFp -Fp L1

F, =
! L-1 G
LFy, - Fy
F, = 2Fi2 =P

L-1
forF1>>i

1

In terms of decibel representation of the noise figure, the equation for F; becomes:

F1=101log (LF12 — F%42) — 10 log(L — 1) (dB)

6.1.14.5 Noise figure in the frequency range below 1 000 Hz (signal generator method)

6.1.14.5.1 General

Figure 45 shows a suitable circuit.

>

|

VEee

T transistor being measured F selective filter
A A, amplifiers V, = square-law voltmeter

Att,, Att,, Att; = attenuators

IEC 2369/2000

Figure 45 — Basic circuit for the measurement of the noise figure below 1 kHz

(signal generator method)
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The circuit is essentially identical to that outlined in figure 42, and its components should
meet the requirements described in 6.1.14.2, but an attenuator no. 3 having a fixed attenu-
ation and a selective filter is added.

The amplifiers should have a bandwidth sufficiently large to ensure that the overall noise
bandwidth is determined by the selective filter, and should be capable of linear operation over
a range of signals at least equal to the setting of attenuator no. 3.

The selective filter should be a high Q band-pass type with a centre frequency at the
frequency of measurement. For noise figure measurements over a narrow frequency band,
the effective noise bandwidth should be 15 % or less of the centre frequency. The equivalent
noise bandwidth should be accurately determined. The frequency characteristics of the filter
must be specified. The frequency of the generator should be adjusted to the centre frequency
of the filter.

The system should be checked for spurious responses over the entire frequency range of the
detector.

The value of Ry should be large compared with the output impedance of the generator, but
small compared with the value of Rg.

6.1.14.5.2 Method of measurement

In this method, the amplifiers need not be calibrated and only the output voltage V4, of the
sinewave generator G and the effective noise bandwidth B of the system need be known. With
switch S in position 1, attenuator no. 1 is adjusted to give a reference reading on the output
square-law voltmeter. With switch S in position 2, the same reading is obtained by adjusting
attenuator no. 2. The bandwidth of the amplifiers must be sufficiently large to ensure that the
system bandwidth B is determined by the filter.

The noise figure is computed by means of the following formula:
2

v
F=10log —2* |- X, + X, (dB
g[4kTBRgJ 3+ X2 (dB)

V1 is the output voltage of the signal generator, in volts r.m.s.;

k is the Boltzmann constant = 1,38 x 10-23 J/K;
T is the absolute temperature of Ry, in kelvins;
B is the effective noise bandwidth, in hertz;

Rg is the generator resistance, in ohms;
X3 is the attenuation of attenuator no. 3 (fixed), in decibels;
Xo is the attenuation of attenuator no. 2, in decibels.

By choosing the following values for V4, T, etc., the noise factor F (in decibels) is nearly equal to X:

Vi = 285V

B = 100 Hz
X3 = 60dB
T = 298K
Ry = 500 Q
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6.1.15 Measuring methods for matched-pair bipolar transistors
6.1.15.1 Ratio of static values of common-emitter forward current transfer ratios ho1g1/ho1g2
6.1.15.1.1 Purpose

To measure the ratio of static values of common-emitter forward current transfer ratios of
matched-pair bipolar transistors under specified conditions.

6.1.15.1.2 Circuit diagram

J A A +
V. B1 2 3 B2 V.
1 3
L () O O P
T\ o N
mvz -
)
IEC  2370/2000
T,, T, = matched-pair transistors being measured
V3 = This voltmeter may be omitted.

NOTE Rj;and R, may be replaced by current sources.

Figure 46 — Basic circuit for the measurement of ho1g1/hoqe2

6.1.15.1.3 Measurement procedure

The temperature is set to the specified value.

Vce, Rz and R4 are adjusted so that, for each transistor, the specified values of Ve and I¢
are reached.

The base currents Ig1 and Ig2 are measured.
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The ratio of static values of common-emitter forward current transfer ratios hao1g1/h1g2 is then
calculated

. I
either as B2 (for Ig2 < Ig1)
Ig1

|
or as BL (for Igy > Ig1)
Ig2

The ratio is the smaller value divided by the larger value.

6.1.15.1.4 Specified conditions

— Ambient or case temperature
— Collector current (Ic)
— Collector-emitter voltage (Vcg)

6.1.15.2 Difference of base-emitter voltages (Vgg1 — VgE2)
6.1.15.2.1 Purpose

To measure the value of the difference between the base-emitter voltages of matched-pair
transistors under specified conditions.

6.1.15.2.2 Circuit diagram

See figure 46.

6.1.15.2.3 Measurement procedure

The temperature is set to the specified value.

Vce, Rz and R, are adjusted so that, for each transistor, the specified values of Vcg and I¢
are reached.

The value of the difference of the base-emitter voltages is read from voltmeter V5.

6.1.15.2.4 Specified conditions

— Ambient or case temperature
— Collector current (I¢)
— Collector-emitter voltage (Vcg)

6.1.15.3 Change in difference of base-emitter voltages between two temperatures
|A(VBer —Vee2 )| o

6.1.15.3.1 Purpose

To measure the value of the change of the difference of the base-emitter voltages of
matched-pair transistors between two specified temperatures under specified conditions.
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6.1.15.3.2 Circuit diagram

See figure 46.

6.1.15.3.3 Measurement procedure
The temperature is set to the specified value T4, preferably 25 °C.

Vce, R3 and R4 are adjusted so that, for each transistor, the specified values of Vcg and I¢
are reached.

The value of the difference of the base-emitter voltages is noted from voltmeter V.
The temperature is then set to a higher specified value, T».

If necessary, the collector currents are readjusted to the original value.

The value of the difference of the base-emitter voltages is noted from voltmeter V5.

The absolute value of the difference of the value measured at T, and the value measured
at T is calculated.

6.1.15.3.4 Specified conditions

— Ambient or case temperature T4, if different from 25 °C
— Ambient or case temperature T

— Collector current (Ig)

— Collector-emitter voltage (Vcg)

6.2 Reference measuring methods
6.2.1 General
6.2.1.1 Introduction

The polarities of the sources shown in this subclause are applicable to PNP devices.
However, the circuits can be adapted for NPN devices by changing the polarities of the
meters and the sources.

The terms accuracy, repeatability and reproducibility, with their associated definitions, which
are used in this subclause are still under consideration.

6.2.1.2 General requirements and precautions

The general precautions given in clause 2 of IEC 60747-1, chapter VII, section one, still
apply, unless otherwise specified.

The conditions of measurement for these reference methods should be, as far as possible,
the same as those specified in the published data:

a) Where limitations have to be imposed on the range of measurement conditions for which
the reference method is applicable, these are given in the subclause to which they apply.

b) In order to achieve accurate and reproducible results, the following precautions should be
observed.

Where the parameter is very temperature dependent, the ambient or reference point
temperature must be accurately measured and controlled within a close tolerance.
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For current measurements, the errors due to ammeters should be less than:
+1 % for currents above 1 pA
+3 % for currents from 0,1 pA to 1 pA
+5 % for currents from 10 nA to 0,1 pA
+10 % for currents from 1 nA to 10 nA

The internal resistance of ammeters should not cause a voltage drop greater than 2 % of
any relevant voltage.

The accuracy of the voltmeters should be better than +1 %.

For any measurement, care must be taken to ensure that the maximum dissipation of the
device being measured is not exceeded. In the case where a d.c. method would involve a
high power dissipation, the alternative pulse method should be used.

For any device carrying appreciable currents, separate current carrying and voltage
measuring contacts should be used. Meters used to measure voltage parameters of the
device should be connected as near to the terminals of the device as possible.

If necessary, devices should be protected from all electromagnetic, optical and radioactive
radiation, while being measured.

Where high voltage supplies are used, precautions may need to be taken to protect the
device during insertion into the circuit by using diodes or switches.

Care must be taken in the construction of the measurement circuit to avoid parasitic
oscillations, particularly when measuring high-frequency transistors.

6.2.1.3 Reasons governing the use of static and pulse reference methods of measurement

Under consideration.

6.2.2 Collector-base cut-off current (reverse current) (Icgo)

6.2.2.1 The circuit to be used for this measurement is shown in figure 47.

leo
<cBo

(A
&)

Qa7

IEC 2371/2000

Figure 47 — Circuit for the measurement of Iz
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This parameter is very temperature dependent. For the purpose of making reference
measurements, ambient rated devices should be treated as case-related devices by
controlling the case temperature to an accuracy better than +0,5 °C, for example by im-
mersing them in an oil bath. For case-rated or forced cooled devices, the temperature of the
reference point should be controlled to within 0,5 °C.

A higher accuracy can be achieved if the reference point temperature can be controlled to a
smaller tolerance.

6.2.2.2 The accuracy predicted in 6.2.2.4 will only be achieved if the measurement is carried
out below the breakdown region. This may be verified by making two measurements, the first
at 1,05 times the specified voltage V and the second at the specified voltage V.

The measured values of Icgg at the two values of V and 1,05 V should not differ by more than 20 %.

NOTE The specified voltage V should be less than 0,9 times the rated maximum collector-base reverse voltage.

6.2.2.3 With some transistors, the value of Icgp may be unstable for a period after applying
the specified voltage V. In such instances, a suitable time interval between applying the
voltage and taking the reading of Icgo should be specified.

6.2.2.4 The following accuracies should be achieved.

Current range Accuracy Main limitations

1 nAto 10 nA +30 % Noise, temperature control, meter
inaccuracies

Greater than 10 nA +25 % Temperature control, meter inaccuracies

6.2.2.5 Repeatability

In some cases, there may be a drifting of Icgp, in which case no meaningful value can be
given for the repeatability of the result. When Icgp does not drift, a repeatability of £15 %
should be possible.

6.2.3 Emitter-base cut-off current (reverse current) (Iggo)

The emitter-base cut-off current is measured in the same way as the collector-base cut-off
current, except that the emitter and collector terminals are interchanged.

The precaution with respect to operation below the breakdown region is particularly important
for the measurement of lggp (see 6.2.2.2).
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6.2.4 Collector-emitter saturation voltage (Vcgesat)
6.2.4.1 DC method

6.2.4.1.1 The circuit to be used for this measurement is shown in figure 48.

lc
— A\

H s

Ry

(1x)
C—
®
o

™

IEC 2372/2000

Figure 48 — Basic circuit for the measurement of the collector-emitter saturation voltage
(d.c. method)

6.2.4.1.2 Ic and lIg are adjusted to the specified values by means of adjustable high-voltage
sources, each in series with a resistor of high value.

6.2.4.1.3 The accuracy predicted below may be achieved only if the transistor is operated
sufficiently in saturation. In case of doubt, a check may be made by increasing the value of Ig by
10 %, holding Ic constant; the measured value of Vcggat Should not change by more than 10 %.

6.2.4.1.4 The internal resistance of the voltmeter should be greater than:

100 VCEsat

Ic

where Vcesat is the maximum value specified for the type of transistor being measured.

An accuracy of £10 % should be achieved.
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6.2.4.2 Pulse method

Circuit diagram

Re S St . T2 |<
| S y»
|
| D1
_ﬁ_ vp == e {Vc SZ _ _ C/V>

I P4 4

VEE T i // " DQSZ // "
i + ] +7

IEC 2373/2000

T, = transistor being measured

Figure 49 — Basic circuit for the measurement of the collector-emitter saturation voltage
(pulse method)

Circuit description and requirements

a)

b)

c)

d)

e)

I, is a current supply whose equivalent internal resistance Rj;; is such that Ry1lg is larger
than 100 Vgg; Ig is the base current and Vgg is the maximum base-emitter voltage of the
transistor being measured at the reference values of Ic and Ig.

I, is a current supply whose equivalent internal resistance Rq» is such that Rq»l¢ is larger
than 100 Vcgsar; Ic is the reference value of the collector current and Vcesat iS the
collector-emitter saturation voltage of the transistor being measured. The response time of
the supply must be less than the "ON" period of the transistor being measured.

Transistor T, is a chopper transistor. It must be ensured that the value of V¢ is less than
Vge, Vge being the minimum base-emitter voltage of the transistor being measured at a
collector current equal to 1 % of the reference value used for the measurement. The value
of lcgp of transistor T; should be less than 0,01 times the value of Ig required by the
transistor being measured.

Pulse generator: the duration and duty cycle of the pulse waveform used to drive
transistor T; should be so small that no significant heat dissipation occurs in the transistor
being measured. Pulse duty cycles of about 0,01 and pulse widths between 10 ps and
500 us are usually used (see also precaution a)).

The value of the pulse voltage amplitude Vp should be chosen in combination with the
limiting resistor Rg to be large enough to switch off transistor T1.

Oscilloscope: an oscilloscope, calibrated by means of a reference voltage, should be
connected directly at the ends of the transistor terminals.

A high degree of accuracy can be achieved by using a reference voltage in combination
with an oscilloscope which incorporates a differential amplifier having a high offset
voltage.
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f) Voltage reference diodes D1 and Dy: voltage reference diode D1 is used to protect against
a collector-emitter breakdown of transistor T;. Voltage reference diode D, is used to
protect against a collector-emitter breakdown of the transistor being measured and against
overdriving of the oscilloscope amplifier. The working voltage of diode D, should be less
than the lower of these two limitations and this diode must be capable of carrying the
reference value of collector current Ic used in the measurement.

Diodes D; and D, should have reverse currents at least 100 times smaller than the
reference values of Ig and I¢c respectively.

NOTE Diodes D; and D, may be omitted provided the current generators have suitable voltage limiting
characteristics.

Measurement procedure

a) With switch S; opened and the transistor being measured out of the circuit, and with a
shorting link between emitter and base terminals, the current supply |1 is adjusted until the
reading of Aq is equal to the reference value of Ig.

b) With switch S, opened and the transistor being measured out of the circuit, and with a
shorting link between emitter and collector terminals, the current supply I, is adjusted until
the reading of A, is equal to the reference value of Ic.

¢) With the transistor being measured in the circuit and with switches S; and S, closed, the
waveform is as shown in figure 50. The value of the steady voltage of the flat part of the
waveform in the "ON" period is Vcgsat-

vee b

VzD2 / fo

’ VCEsat

L

)
|
“ON'' period : “OFF'"" period

~Y

| T I

IEC 2374/2000

Figure 50 — Vcg changes with time

Precautions to be observed

a) The duration and duty cycle of the pulse waveform used to drive transistor T1 should be
chosen such that no difference in the measured value of Vgggat OCCUrS:
1) when the duty cycle is doubled;

2) when the pulse duration is doubled and the pulse repetition frequency halved
(i.e. when the duty cycle is held constant).

—111-



yoan. 18642552

60747-7 © IEC:2000 - 225 -

b) Special care should be taken to keep the inductances of supply leads small.

c) The accuracy given below can only be achieved if the transistor is operated well in
saturation. In case of doubt, a check may be made by increasing the value of Ig by 10 %,
holding Ic constant; the measured value of Vcggat Should then not change by more than
10 %.

d) The reference temperature conditions should be controlled as described in clause 2 of
IEC 60747-1, chapter VII, section two.

Accuracy

Provided the circuit requirements are fulfilled and the precautions observed, an accuracy
of £10 % should be achieved.

6.2.5 Base-emitter saturation voltage (Vggsat)

The base-emitter saturation voltage is measured under the same d.c. conditions as Vcgsat
(see 6.2.4.1).

The measurement is made by means of a high-resistance d.c. voltmeter connected between
the base and emitter terminals in the circuit of figure 48. The internal resistance of this
voltmeter should be greater than:

100 VBEsat

I
where Vggsat IS the maximum value specified for the type of transistor measured.
An accuracy of £10 % should be achieved.

6.2.6 Base-emitter forward voltage (Vgg)

The circuit to be used for this measurement is shown in figure 51.

™

CAD Q_’D lVBE C\‘@ 1 Ves

Vee 7_

Ny

Vce

IEC 2375/2000

Figure 51 — Basic circuit for the measurement of the base-emitter forward voltage

The measurement of Vgg is made at the specified reference values of Ig and Vg by
adjustment of Rg and V¢ respectively.
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The internal resistance of voltmeter V4 should be greater than:

100 VBE max.

I

where Vgg max. is the maximum value specified for the type of transistor being measured.

It is convenient if the values of Rg and Vgg are chosen so that the value of Vgg is much
greater than the value of Vgg, or at least much greater than the expected spread in the value
of VBE.

An accuracy of £10 % should be achieved.

NOTE An alternative measurement may be made for specified values of I and Vg by inserting the ammeter into
the collector circuit and by connecting the voltmeter between collector and emitter rather than between collector
and base terminals. In this case, the internal resistance of voltmeter V, should be greater than:

100 Vg max.

lc

where Vcg max. 1S the maximum value specified for the type of transistor being measured.

6.2.7 Static value of common-emitter forward current transfer ratio (hy1g) (d.c. method)
Purpose

This measuring method gives the static value of the common-emitter forward current transfer
ratio, ho1g, for specified values of the continuous collector current and collector-emitter
voltage, at a specified operating temperature.

Circuit diagram

Ic

I’}
ree 7‘— f 7_ Vce

— e
/

(o]

. @

N = null indicator

IEC 2376/2000

Figure 52 — Basic circuit for the measured of h,1g (d.c. method)
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Circuit description and requirements

The principle of this measurement is to obtain a null on the null indicator. Under this
condition:

a-lgRg=IcR¢c

where a is a known fraction dependent on the value of Rgy, and Rg is the value of the
resistance which appears between the tap on Rg» and the circuit node M.

The value of Rg; should be chosen in accordance with the specified value of I¢c and is
normally such that the factor a takes a value in the series 1, 1/10, 1/100, etc. By this means,

very low values of R¢ (for high values of I¢) can be avoided.

Rc is a known standard resistor, Rg1 and Rg, are calibrated resistors. The values of Rg and
Rc should be chosen commensurate with the specified values of Ic and the value of V¢c.
The effective value of Rgy and Rpy in parallel must be such that, in conjunction with the
chosen value of Vgg, an adequately large value of Ig is obtained when a transistor having
the lowest expected value of hy1g is being measured.

The values of Rg, R¢, Rg1 and Rg, should be accurate to +0,5 %.
Vgg and V¢ are the chosen values of the adjustable constant voltage sources.

Vce is a voltmeter having a high input resistance, e.g. an electronic digital voltmeter. Its
maximum error, and that of ammeter A, should not exceed +1 %.

Measurement procedure
a) The temperature conditions are set to the specified values, in accordance with clause 2 of
IEC 60747-1, chapter VII, section two.

b) With switches S; and S, closed, and no transistor in the circuit, the value of Vgg is set to
a low value (usually zero). The value of V¢ is adjusted until the specified value of I is
obtained.

c) The transistor being measured is inserted into the circuit, and switch S; then switch S, are
opened.

d) Vpg is increased in value until the specified value of Ic is obtained again. The value of
Vcc and, if necessary, also of Vgg is then adjusted until the specified values of Ic and Vg
are obtained simultaneously.

e) The slider on Rp> is then adjusted until a null is obtained on the null indicator.
f) The value of hy g is then given by:

R
h21E :a._B

C

R
where a = Bl

Rp1 + Rp2
Precautions to be observed

Thermal equilibrium must be reached before readings are taken.
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The specified electrical conditions of measurement may not be obtained if the transistor used
has a value of ho1g below the specified minimum value. It is therefore advisable to ensure
that the values used for Rg and the maximum available supply voltage Vcc max. are such that
the maximum dissipation rating for the transistor type cannot be exceeded under any
circumstances.

If necessary, the circuit can be modified by connecting a clamping diode in series with a
suitable additional constant voltage supply having a value lower than Vcc max. between B
and node M. To reduce errors, the clamping diode should have a very low value of reverse
current and should be preferably a silicon planar type.

If high values are used for the specified collector current Ic (e.g. larger than 1 A), separate
voltage and current terminal contacts to the transistor should be provided.

Accuracy

Provided the circuit requirements are fulfilled and the precautions observed, an accuracy of
+5 % should be achieved.

6.2.8 Small-signal common-emitter forward current transfer ratio at low frequencies (hy1g)
Purpose

This method gives the value of the small-signal common-emitter forward current transfer ratio,
for specified values of collector current and collector-emitter voltage, at specified values of
low frequency and operating temperature.

Circuit diagram

z

Ic

R1[ . 7
— I+
|
I
i
| /
} —
~+' 1
l 1
Cq = IEC  2377/2000
G, = adjustable constant current supply
G = signal generator
N = null indicator

Figure 53 — Basic circuit for the measurement of h,,g at low frequencies
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Circuit description and requirements

The principle of the measurement is to obtain a null on the null indicator.

Ry hige -hage

Under this condition: hote =
Ry 1-hgpe

Because the measurement is carried out at a low frequency, the second term normally is
negligibly small, and thus:

Ry
ho1e = —
R>

The value of R, should be low, and the values of resistors R; and R, should be accurate to
+0,5 %. The range of values of Ry must correspond to the anticipated range of values of hye.

The reactances of C,, C3 and C4 must be small at the frequency of measurement.

The capacitances between collector and ground, and between base and ground, must be
small enough not to affect the accuracy of the measurement.

The details of transformer Tr and capacitor C; are only of importance with regard to the
measurement sensitivity, since at balance the collector-base signal voltage is zero.

Voltmeter Vg is a voltmeter having a high input impedance, e.g. an electronic digital
voltmeter. Its input resistance should be at least 200 Ry, or 200 Vcg/lc, whichever is the
larger. Its maximum error and that of ammeter A should not exceed +1 %.

Measurement procedure

a) The temperature conditions are set to the specified values in accordance with clause 2 of
IEC 60747-1, chapter VII, section two.

b) With the signal generator voltage Vg set to zero and switch S; closed, the collector current
Ic and the collector-emitter voltage Vcg are adjusted to the specified values by means of
the constant current and constant voltage sources respectively; when correct bias
conditions are established, switch Sy is opened.

c) A check should be made to ensure that no parasitic oscillations are occurring in the circuit.
This is done by closing switch S, and checking for such oscillations on a suitable oscilloscope,
which must have a high input impedance. If such oscillations occur, it is necessary to increase
the value of Rg and readjust the bias conditions, as stated in step b), until such oscillations
cease.

d) With switch S, open, a small-signal voltage Vg4 at a specified low frequency (usually
1 000 Hz) is applied from the signal generator and the value of R4 is adjusted until a null
is obtained on the null indicator.

e) It should be ensured that no change occurs in the null conditions when the input from the
signal generator is doubled in amplitude. If a change occurs, the initial value of Vg4 should
be reduced and the measurement repeated.
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Precautions to be observed

The range of values of the constant current and constant voltage supplies should be such that
no rating of the transistor may be exceeded under any condition of the measurement.

Accuracy

Provided the circuit requirements are fulfilled and the precautions observed, an accuracy of
+5 % should be achieved.

6.2.9 Switching parameters

Under consideration.

7 Acceptance and reliability — Electrical endurance tests

7.1 General requirements

Clause 2 of IEC 60747-1, chapter VIII, section three, which has the same title, is valid.

7.2 Specific requirements
7.2.1 List of endurance tests

A choice of endurance tests is given in table 2, which are applicable for all subcategories of
bipolar transistors.

7.2.2 Conditions for endurance tests

Test conditions and test circuits are listed in table 2. The relevant specification will state
which test(s) will apply.

7.2.3 Failure-defining characteristics and failure criteria for acceptance tests

Failure-defining characteristics, their failure criteria and measurement conditions are listed in
table 1.

NOTE Characteristics are measured in the sequence in which they are listed in this table, because the changes of
characteristics caused by some failure mechanism may be wholly or partially masked by the influence of other
measurements.

7.2.4 Failure-defining characteristics and failure criteria for reliability tests

Under consideration.

7.2.5 Procedure in case of a testing error

When a device has failed as a result of a testing error (such as a test equipment fault or
measurement equipment fault, or an operator error), the failure shall be noted in a data record
with an explanation of the cause.
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Table 1 — Failure-defining characteristics for acceptance after endurance tests

Device categories

Failure-defining

Failure criteria

Measurement conditions

or subcategories characteristics (note 1)

lcBo >2 x USL Highest Vg specified for lggo

hye <0,8 x LSL A value of I for which a hy1¢ (hyye) tolerance
Bipolar (h51¢) (note 2) >1,2 x USL (lower and upper limits) is specified
transistors VcEsat >1,2 x USL Highest I specified for Veggat

F (note 3) >USL + 3dB Lowest I specified for F

NOTE 3 Where applicable.

NOTE 1 USL = upper specification limit; LSL = lower specification limit.

NOTE 2 Only where no h,,¢ tolerances are specified or where h,,¢ is unspecified.
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