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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 7: Bipolar transistors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). 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. 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 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 IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. 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 third edition cancels and replaces the second edition published in 2000 and
IEC 60747-7-5 published in 2005.

The main changes with respect to previous edition are listed below.

a) Clause 1 was amended by adding an item that should be included.

b) Clauses 3, 4, 5, 6 and 7 were amended by adding terms, definitions, suitable additions
and deletions those should be included.

c) The text of the second edition was combined with that of IEC 60747-7-5.

This standard is to be read in conjunction with IEC 60747-1:2006.
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The text of this standard is based on the following documents:

FDIS

Report on voting

47E/404/FDIS

47E/408/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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60747 series, under the general title Semiconductor devices —

Discrete devices, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing

standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data

related to the specific publication. At this date, the publication will be

* reconfirmed,

¢« withdrawn,

* replaced by a revised edition, or
* amended.

Full document details: IEC 60747-7 2010
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SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 7: Bipolar transistors

1 Scope

This part of IEC 60747-7 gives the requirements applicable to the following sub-categories of
bipolar transistors excluding microwave transistors.
— Small signal transistors (excluding switching and microwave applications);

— Linear power transistors (excluding switching, high-frequency, and microwave
applications);

— High-frequency power transistors for amplifier and oscillator applications;
— Switching transistors for high speed switching and power switching applications;

— Resistor biased transistors.
2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-521:2002, International Electrotechnical Vocabulary — Part 521: Semiconductor
devices and integrated circuits

IEC 60747-1:2006, Semiconductor devices — Part 1: General

IEC 60747-4:2007, Semiconductor devices — Discrete devices — Part 4: Microwave diodes and
transistors

3 Terms and definitions
For the purposes of this document the following terms and definitions apply.

3.1 Specific functional regions

3.11

functional collector region

collection region that acquires principal-current charge carriers from the functional base
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 inverse
operating mode, in the emitter region.

3.1.2

functional emitter region

supply region that delivers principal-current charge carriers into the functional base region
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 inverse

operating mode, in the collector region. D
ocuments
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3.1.3

functional base region

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

3.1.4

collector(-base) space-charge region;

collector(-base) depletion layer

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

3.1.5

emitter(-base) space-charge region;

emitter(-base) depletion layer

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

3.2 Resistor biased transistor

3.21

general description

bipolar junction transistors that incorporate with two bias resistors. One bias resistor is
connected between the In terminal and the base region and the another between the base
region and the common terminal. The resistor biased transistor is specified as a logic circuit
element.

The graphical symbol as shown in Figure 1 is used in this standard for resistor biased
transistors npn or pnp.

Q@ Out (Collector)

r

r

o  Common (Emitter)

IEC ~ 2910/10

Figure 1 — Resistor biased transistor graphical symbol

3.2.2
input terminal
terminal connected to the bias resistor 1

3.2.3
output terminal
terminal connected to a collector

3.2.4
common terminal
terminal connected to an emitter

3.2.5
bias resistor 1
resistor connected between the input terminal and the internal base of the ”a”SiStoDocuments
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3.2.6
bias resistor 2
resistor connected between the internal base of the transistor and the common terminal

3.3 Terms related to ratings and characteristics

3.3.1

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.

3.3.2
saturation voltages

3.3.2.1

collector-emitter saturation voltage

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

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

3.3.2.2

base-emitter saturation voltage

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

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

3.3.3

cut-off current

reverse current

reverse current of the base-collector junction or base-emitter junction.

3.34

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 should be specified.

3.3.5

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.

3.3.6

collector depletion layer capacitance

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

cuments
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3.3.7

switching times

for bipolar transistors, the input waveform is the base current and the output waveform is the
collector current. The lower and upper limits are usually 10% and 90% of the amplitude.

3.3.71

turn on delay time

rise time

carrier storage time

fall time

td(on), tr, ts and &

see |EC 60050-521:2002,521-05-21, IEC 60050-521:2002,521-05-22, IEC 60050-521:2002,
521-05-23, IEC 60050-521:2002,521-05-24.

3.3.7.2

turn-on time

time interval between a step function change of the input signal level and the instant at which
the magnitude of the signal at the output terminals reaches a specified upper limit when the
semiconductor device is being switched from its non-conducting to its conducting state. The
lower and upper limits are usually 10 % and 90 % of the amplitude.

3.3.7.3

turn-off time

time interval between a step function change of the input signal level and the instant at which
the magnitude of the signal at the output terminals reaches a specified lower limit when the
semiconductor device is being switched from its conducting to its non-conducting state. The
lower and upper limits are usually 10 % and 90 % of the amplitude.

3.3.8
collector-emitter sustaining voltage

VCE (sus)

collector-emitter breakdown voltage at higher values of collector current where the breakdown
voltage is relatively constant over decreasing collector current for a specified termination
between base and emitter terminals

3.3.9

turn-on energy (per pulse)

Eon

energy dissipated in transistor during turn-on

3.3.10
turn-off energy (per pulse)

Eott
energy dissipated in transistor during turn-off

3.3.11
maximum frequency of oscillation
maximum frequency at which a transistor can be made to oscillate under specified conditions

NOTE This frequency approximates to the transition frequency.

3.3.12

transition frequency

fr

frequency at which the modulus of the common-emitter small-signal short-circuit forward
current transfer ratio |hy1¢| has decreased to unity
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3.3.13
transfer ratio

3.3.131

small-signal short-circuit forward current transfer ratio

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

3.3.13.2

static value of the forward current transfer ratio

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

3.3.13.3

inherent (large-signal) forward current transfer ratio

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

3.3.13.4

small-signal open-circuit reverse voltage transfer ratio

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

3.3.13.5

transient current ratio in saturation (of a switching transistor)

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

3.3.14
resistor ratio (of resistor biased transistor)
ratio of the values of bias resistor 2 and bias resistor 1

3.3.15
input voltage (of resistor biased transistor)
voltage between the input terminal and the common terminal of the device

3.3.16
off-state input voltage (of resistor biased transistor)
input voltage at which the output current has reached its defined off-state value

3.3.17
on-state input voltage (of resistor biased transistor)
input voltage at which the output current has reached its defined on-state value

3.3.18
output voltage (of resistor biased transistor)
voltage between the output terminal and the common terminal of the device

3.3.19
off-state output current (of resistor biased transistor)
current flowing into the output terminal in the off-state

3.3.20
on-state output voltage (of resistor biased transistor)
current flowing into the output terminal in the off-state output voltage with specified /; and /; in
such a way that the transistor is in its specified on state
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4 Letter symbols

4.1 General

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

Subclause 4.2 of IEC 60747-1:2006 applies.

4.2 Additional subscripts

In addition to the list of recommended general subscripts given in Clause 4 of IEC 60747-
1:2006, the following subscripts are recommended for bipolar transistors:

B,b = base

Cc = collector

E,e = emitter

fl = floating

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

sat = saturation

X = specified circuit

S = storage

T = transition

4.3 Lists of letter symbols
4.3.1 General
The symbols contained in the following lists are recommended for use in the field of bipolar

transistors. They have been compiled in accordance with the general rules in Clause 4 of
IEC 60747-1:2006.
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with /g specified Ic specified

Name and designation Letter symbol Remarks
Collector-base (d.c.) voltage Vee
Collector-emitter (d.c.) voltage Vce
Emitter-base (d.c.) voltage VEB
Base-emitter (d.c.) voltage VBE
Collector-base (d.c.) voltage V.
with [g = 0 Ic specified CBO
Emitter-base (d.c.) voltage V.
with I =0 Ie specified EBO
Collector-emitter (d.c.) voltage V.
with Ig = 0 Ic specified CEO
Collector-emitter (d.c.) voltage V.
with Rgg = R Ic specified CER
Collector-emitter (d.c.) voltage

. . e Vces
with Vgg =0 Ic specified
Collector-emitter (d.c.) voltage
with Vgg = X specified V.
(reverse biased emitter-base CEX
junction) Ic specified
Floating voltage, emitter-base v
with /g =0 Vg specified EBfl
Punch-through (penetration) voltage Vit
Saturation voltage, collector-emitter V.
with /5 specified Ic specified CEsat
Saturation voltage, base-emitter V.

BEsat

Full document details: IEC 60747-7 2010
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4.3.3 Currents

Name and designation Letter symbol Remarks
Base (d.c.) current Ig
Collector (d.c.) current Ic
Emitter (d.c.) current Ie
Collector cut-off current !
with [g = 0 Vg specified CBO
Collector cut-off current |
with /3 =0 Ve specified CEO
Emitter cut-off current I
with I =0 Vg specified EBO
Collector cut-off current !
with RBE =R VCE SpeCified CER
Collector cut-off current !
with Vgg = 0 Ve specified CES
Collector cut-off current |
with Vgg = X Ve specified CEX
Base cut-off current I
with VBE =X VBE SpeCified BEX
4.3.4 Powers
Name and designation Letter symbol Remarks
Collector power dissipation )
c

with T, or T, specified

Total input power (d.c. or average)
to all electrodes Piot
with T, or T, specified

4.3.5 Electrical parameters

4.3.5.1 Static parameters (specified for bias conditions)

Name and designation Letter symbol Remarks
Static value of the forward current transfer ratio h :/L :/£71 with Ve = constant
(in common-emitter configuration) h21e or hee 2E T g CE
Static value of the input resistance h _ Vee with V~r = constant
(in common-emitter configuration) e or hie R cE
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4.3.5.2 Small-signal parameters (specified for bias and frequency conditions)

Name and designation Letter symbol Remarks

Small signal value of the short-circuit
input impedance:

Vi .
— in common-emitter configuration hiqe OF hig hyye = lbe with V. = constant
b
V, .
— in common-base configuration hi1p OF hip hyyp = leb with V., = constant

e

Small-signal value of the open-circuit
reverse voltage transfer ratio:

Vi .
— in common-emitter configuration hise OF hpe hipe = Vbe with [, = constant
ce
[ [ i hyg =22 with 1, = tant
—in common-base configuration hqop OF hyy 120 =7, with /g = constan
cb

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

[} .
— in common-emitter configuration hpqe OF hig hote :l_c with V., = constant
b

[} .
—in common-base configuration hyqp OF hyy, haqp :li with V;, = constant
e

Small-signal value of the open-circuit
output admittance:

/ .
— in common-emitter configuration hyoe OF hge hype = VC with /, = constant
ce
. . . le -
—in common-base configuration hyop OF hgy haop = v with /, = constant
cb
Real part of the s.m.anll-signal value hy1e =Re(hy1e)+Im(hy4e)
of the short-circuit input impedance:
— in common-emitter configuration Re(hq1e) hi1p = Re(hysp) +Im(hyqp )
— in common-base configuration Re(h41p)
Imaginary part of the small-signal value Im (hyqe)
of the short-circuit input impedance: [
— in common-emitter configuration Im(hq4e)
— in common-base configuration Im(hq4p)
LR
Re (hyqe)

Input capacitance, output short-circuited
to a.c.:
— in common-emitter configuration Ciies OF Cies | M1e =RE(M10) + ———

joCyyes
— in common-base configuration Ci1ps OF Cips | M1 =Re(hyp)+———

joCq1ps
Input capacitance, output open-circuited to a.c.:
— in common-emitter configuration C11eo0 OF Cigo
— in common-base configuration C11po OF Cipo
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4.3.5.2 (continued)
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Name and designation

Letter symbol

Remarks

Output capacitance, input open-circuited
to a.c.:

— in common-emitter configuration

—in common-base configuration

C22eo or Coeo

C22p0 Or Cobo

ha2e = Re(hp2e) + joCozeo

haop = Re(hygp) + joCoopo

Output capacitance, input short-circuited
to a.c.:

— in common-emitter configuration

—in common-base configuration

C22es or Coes

C22ps Or Cops

Y22e = Re(y22e) + joCoses

Y22 = Re(ya2p) + joCanps

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

— in common-emitter configuration

—in common-base configuration

C12es or Cres

C12ps Of Crps

Collector-base capacitance for transistors

with isolated device terminals and a separate Cocb
screen lead
Small-signal value of the short-circuit input
admittance:
. . . . -~ _ 1
- in common-emitter configuration Y11e OF Yie Yite = with Ve = constant and yq4, = h
be 11e
le . _ 1
— in common-base configuration Y11b OF Yip Yo = with Vi, = constant and yqqp = ——
eb 11b
Small-signal value of the short-circuit
reverse transfer admittance:
. . . . b _
— in common-emitter configuration Y12¢ OF Vre Yi2e = with Vy,, = constant
ce
/ f —
— in common-base configuration Y12b OF Vb Yizo = with Vg, = constant
cb
Small-signal value of the short-circuit
forward transfer admittance:
. . . . IC H —_
— in common-emitter configuration Y21e OF Yie Yote =y with V¢, = constant
be
. . . IC H —_
— in common-base configuration Y21b OF Y1 Yaip =7, with V¢, = constant
eb
Small-signal value of the short-circuit
output admittance:
. . . . IC H —_
— in common-emitter configuration Y22¢ OF Yoe Y22e =7, with Vy,, = constant
ce
— in common-base configuration Y225 OF Yob Yoo = with Vg, = constant
cb
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4.3.5.2 (continued)

Name and designation Letter symbol Remarks
Modulus of the short-circuit reverse transfer Im(y,,.)
admittance: 12e
A

— in common-emitter configuration |Y12e| or |yre|
—in common-base configuration |y12b| or |yrb| ]
Phase of the short-circuit reverse transfer \;.\qﬁ
admittance:
— in common-emitter configuration ®y12e O Pyre ? Y126 -

i ; i Re
— in common-base configuration ®y12b OF Pyrp (Y12e)
Modulus of the short-circuit forward transfer Im(yoqe)
admittance: A
— in common-emitter configuration |y21e| or |yfe|
—in common-base configuration |y21b| or |yfb|

. . \;q:\?'

Phase of the short-circuit forward transfer
admittance:

. . . . <?y21e
— in common-emitter configuration Py21e OF Pyfe > >

. - Re (¥21¢)
— in common-base configuration ®y21b OF Pyfp
Input reflection coefficient:
— in common-emitter configuration S11e OF Sje
—in common-base configuration S11p OF Sjp
— in common-collector configuration S11¢ OF Sic
Output reflection coefficient:
— in common-emitter configuration Sp0e OF Sge
—in common-base configuration Soop OF Sgp
— in common-collector configuration Spoc OF Sg¢
Forward transmission coefficient:
— in common-emitter configuration Spqe OF Sfe
—in common-base configuration Soqp OF Sgp
— in common-collector configuration Spqc OF St¢
Reverse transmission coefficient:
— in common-emitter configuration Sq2e OF Spg
—in common-base configuration Sqop OF Spp
— in common-collector configuration Sqoc OF Si¢
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4.3.5.3 Modified hybrid = equivalent circuit parameters

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

range.
Cbc
[
[
Bo— L [ ] Che || o ©
[
ok’
: ImVbe
Gve — | Vbe
Cb‘e v
E o O E
IEC 2911/10
Figure 2 — Modified hybrid = equivalent circuit
Name and designation Letter symbol Remarks

Base intrinsic resistance Y
Intrinsic base-emitter conductance Ibe
Intrinsic base-emitter capacitance Cpe
Intrinsic base-collector capacitance Cpc
Intrinsic transconductance Im
Base-collector capacitance Che

4.3.6 Frequency parameters

Name and designation Letter symbol Remarks

Cut-off frequency:

— in common-emitter configuration fh21e OF fhfe

—in common-base configuration fn21p OF fhip

— in common-collector configuration fh21c OF frfe

Frequency of unity current transfer ratio i fr = ffor |hye| =1
fr=1fx |hpq|

Transition frequency fr . . .
(ho4e is measured in a region where the roll-
off is 6 dB/octave)

Maximum frequency of oscillation fnax

Frequency of unity forward transmission

coefficient:

— in common-emitter configuration foor Fise foe = ffor |321e| =1

— in common-base configuration fobs F1sp fo, = ffor |321b| =1

— in common-collector configuration

|
-

fser fisc fsc = ffor |321c| =
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Name and designation Letter symbol Remarks
%
Pulse average time tw
100
90
50
. 0
Pulse time tp t
p Time
tw
oW
i
or
4
Duty cycle D, s
[ { _,;’ Time
T
i
Duty cycle = -
0 .
Delay time ty 10 me
90
100 A
Input pulse
Rise time t %
%
Carrier storage time ts Output pulse
100
90
10
0 .
Fall time t; L te Time
tyq ts
4.3.7 (continued) Documents
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Name and designation Letter symbol Remarks
Turn-on time ton ty + ¢,
Turn-off time toff ts +
Stored charge Qs
Transient current ratio in saturation hy1Esat OF NEEsat
Collector-emitter saturation resistance:
— small-signal value lcesat
— large-signal value I'cEsat
4.3.8 Energies
Name and designation Letter symbol Remarks
Turn-on energy E,,
Energy is always per pulse
Turn-off energy E

4.3.9 Sundry quantities

Name and designation Letter symbol Remarks

Noise N, n

Noise figure F, F,

Noise current In

Noise voltage Vi

Noise power P,

Effective noise bandwidth B

Amplification A

Current amplification Al A

Voltage amplification Ay A,

Gain G

Power gain Gp G,

Insertion power gain G, G;

Transducer power gain Gt G;

Available power gain Ga G,

Efficiency n

Collector efficiency e

see IEC 60747-4:2007, Clause 7.
Power added efficiency Nadd The abbreviation “PAE” is still in common
use for power added efficiency.
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4.3.10 Matched-pair bipolar transistors

Name and designation Letter symbol Remarks
Ratio of static values of common-emitter heg1/hggo The smaller of the two values is taken as the
forward current transfer ratio hy1e1/ho1E2 numerator.
Difference between base-emitter voltages Vee1 — VBE2 ;r:gesrn;zlllueg.value is subtracted from the
Change in difference of base-emitter voltages |A(VBE1 - Vg2 )|AT
between two temperatures
4.3.11 Resistor biased transistor
Name and designation Letter symbol Remarks
Bias resistor 1 rq
Bias resistor 2 rp
Off-state output current Io(off) Correspond to Iggx of bipolar transistor.
Off-state input voltage Vl(off)
On-state input voltage Vl(on)
On-state output voltage Vo(on) Correspond to Vggat Of bipolar transistor.

5 Essential ratings and characteristics

5.1 General

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at another specified temperature.

5.2 Small signal transistors
5.2.1 Ratings (limiting values)
5.2.1.1 Temperatures

Minimum and maximum value of operating temperatures, ambient or case or virtual junction
temperature (T, or T, or 7).

Minimum and maximum value of storage temperatures (Tstg)

5.2.1.2 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, and the following values
shall be stated.
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5.2.1.2.1 Maximum collector-base voltage with zero emitter current (V.gz(0)
5.2.1.2.2 Maximum collector-emitter voltage with zero base current (V.go)
5.2.1.2.3 Maximum emitter-base reverse voltage with zero collector current (Vggg)
5.2.1.2.4 Maximum collector current (/;)

5.2.1.2.5 Maximum emitter current (where appropriate) (/g)

5.2.1.2.6 Maximum base current (where appropriate) (/)

5.2.1.3 Power dissipation (P or Pc)
Maximum total power dissipation (P, or Pc), and where thermal resistance is not given in the

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

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

5.2.2 Characteristics
5.2.2.1 General

The values shall be stated at one of the voltages and/or currents taken from the list in 5.9 of
IEC 60747-1:2006.

5.2.2.2 Collector-base cut-off current (reverse current) (/Icgo)
Maximum value at rated maximum collector-base voltage. Maximum value at the specified

maximum collector base voltage, at a high temperature and at approximately zero power
dissipation.

5.2.2.3 Emitter-base cut-off current (reverse current) (/ggo)

Maximum value and at a specified emitter-base voltage

5.2.2.4 Collector-emitter saturation voltage (Vcesat)

Maximum value, where appropriate, and at specified collector and base currents

5.2.2.5 Base-emitter voltage (Vgg)

Where appropriate, maximum value at specified collector current and specified collector-
emitter voltage.

5.2.2.6 Static value of the common-emitter forward current transfer ratio (h4g)

Minimum value and, where appropriate, maximum value at specified collector-emitter voltage
and specified collector current

5.2.2.7 Small-signal parameters (common-emitter)
hq1e Or hie = input resistance with output short-circuited to a.c. (where appropriate)

minimum and maximum values

ho1e OF hte forward current transfer ratio with output short-circuited to a.c.

(where appropriate)
minimum and maximum values

hooe OFr hge = output conductance with input open-circuited to a.c. (where appropﬁte
ocuments

Document Sharing Hub

Full document details: IEC 60747-7 2010


http://avadocuments2026.com/doc/iec-60747-7-2010
http://avadocuments2026.com/doc/iec-60747-7-2010

- 24 - 60747-7 © IEC:2010

maximum value
5.2.2.8 Transition frequency (fr)

Where appropriate minimum values of fr at specified values of collector current and collector-
emitter voltage

5.2.2.9  Output capacitance (C,,) or Collector-base capacitance (C_)

Maximum value at specified frequency and collector base voltage
NOTE The 3 terminal measurement method is valid for C¢p and the two terminal method is valid for C,p”

5.2.2.10 Noise factor (where appropriate)

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

5.2.2.11 Thermal resistance

Maximum value, where virtual junction temperature is specified in 5.2.1.1.

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

5.2.2.12.1 Ratio of static values of common-emitter forward current transfer ratios
Minimum value of the ratio hggi/hpe2, where hpgq and hggo are the static values of the

common-emitter forward current transfer ratio of each transistor, under specified voltage (V¢cg)
and current (/¢).

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

5.2.2.12.2 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 (/¢).

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

A(Vee1 - Vaez ),

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

5.2.2.12.4 Matching collector currents

Maximum ratio of the values of the collector currents (/s,//-4) with specified common collector
- emitter voltage, total shared base current, and case or ambient temperature.

5.3 Linear power transistors
5.3.1 Ratings (limiting values)
5.3.1.1 Temperatures

Minimum and maximum value of operating temperatures, ambient or case or virtual junction
temperature (T, or T, or 7).

Minimum and maximum value of storage temperatures (Tstg)
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5.3.1.2 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.

5.3.1.21 Maximum collector-base voltage with zero emitter current (Vo)
5.3.1.2.2 Maximum collector-emitter voltage with zero base current (V¢gq)
5.3.1.2.3 Maximum emitter-base reverse voltage with zero collector current (Vgg()
5.3.1.2.4 Maximum collector current (/;)

5.3.1.2.5 Maximum emitter current (where appropriate) (/g)

5.3.1.2.6 Maximum base current (/g)

5.3.1.3 Power dissipation (P or Pc)
Maximum total power dissipation (P, or Pc), and where thermal resistance is not given in the

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

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

5.3.2 Characteristics
5.3.2.1 General

The values shall be stated at one of the voltages and/or currents taken from the list in clause
5.9 of IEC 60747-1:2006.

5.3.2.2 Collector-base cut-off current (Icgo)

Maximum value at the rated maximum collector-base voltage

Maximum value at a specified collector-base voltage, at a high operating temperature and at
approximately zero power dissipation with the emitter open circuit.

5.3.2.3 Base-emitter forward voltage (VgEg)

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

5.3.2.4 Collector-emitter saturation voltage (Vcesat)

Maximum value at a specified high value of collector current and a specified base current

5.3.2.5 Static value of the common-emitter forward current transfer ratio (h4g)

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

When the Icgo component is significant, the inherent (large-signal) forward current transfer
ratio |h21E|_| shall be stated.
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5.3.2.6 Transition frequency fr or value of |h21e| at a specified high frequency

Either:

typical and minimum values of f; 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 or collector-emitter voltage.

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

5.3.2.7 Output capacitance(C,,) or Collector-base capacitance (C.,)

Maximum value at 25 °C, at zero d.c. emitter current, for specified values of voltage Vg and
frequency

NOTE The 3 terminal measurement method is valid for C;, and the two terminal method is valid for Cgy,
5.3.2.8 Maximum thermal resistance

Maximum value, where virtual junction temperature is specified in 5.3.1.1.

5.4 High-frequency power transistors for amplifier and oscillator applications
5.4.1 Ratings (limiting values)
5.41.1 Temperatures

Minimum and maximum value of operating temperatures, ambient or case or virtual junction
temperature (T, or T, or 7).

Minimum and maximum value of storage temperatures (Tstg)

5.4.1.2 Voltages and currents

5.4.1.21 Maximum collector-base voltage with emitter open circuit (Vo)

5.41.2.2 Maximum collector-emitter voltage under specified base-emitter condition
(Veex)

5.4.1.2.3 Maximum emitter-base reverse voltage with open collector circuit (Vggg)

5.4.1.2.4 Either: maximum collector current (d.c. or mean value) (/¢ or I¢ay)) or:

maximum emitter current (d.c. or mean value) (/g or Igay))

5.4.1.2.5 Either: maximum peak collector current (/;),) or: maximum peak emitter
current (Igy)

5.4.1.2.6 Maximum base current (d.c. or mean value) (/g or Igay))
5.4.1.3 Power dissipation (P, or P¢)

Maximum total power dissipation (P, or P¢), and where thermal resistance is not given in the
characteristics, Maximum total power dissipation as a function of temperature over the range

of operating temperatures. Documents
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Any special requirements for ventilation and/or mounting shall be specified.

5.41.4 Safe operation area

Where appropriate, a safe operation area (e.g. curves /s versus Vg) d.c. and pulse should
be chosen.

5.4.2 Characteristics

The values shall be stated at one of the voltages and/or currents taken from the list in clause
5.9 of IEC 60747-1:2006".

5.4.2.1 Static value of the common-emitter forward current transfer ratio (hz4g)

Minimum and maximum values at a specified value of collector-emitter voltage and a specified
value of collector current (typical value), d.c. or pulse as specified.

5.4.2.2 Where appropriate, static value of the common-emitter forward current
transfer ratio (h21g)

Minimum value at a specified low value of collector-emitter voltage and a specified high value
of collector current, d.c. or pulse as specified.

5.4.2.3 T|ransit|ion frequency (fr) or modulus of the forward transmission coefficient
(1S21el)

Either:

minimum values and where appropriate maximum value at specified values of collector
current, collector-emitter voltage, and frequency

or:

minimum value at specified values of collector current, collector-emitter voltage, and
frequency, source and load impedances (preferably 50 Q)

5.4.2.4 Cut-off currents

5.4.2.41 Collector-base cut-off current (Icgo) or collector-emitter cut-off current
(Icex)

Either:

maximum value, at specified value of the collector-base voltage (preferably the maximum
rated value), and with the emitter open-circuited

or:

maximum value at specified value of the collector-emitter voltage (preferably the maximum
rated value), and with the base- emitter voltage specified

5.4.2.4.2 Where appropriate, collector-emitter cut-off current (/Icgr)

Maximum value at specified value of the collector-emitter voltage (preferably the maximum
rated value), and under specified base-emitter resistance
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5.4.2.4.3 Where appropriate, collector-emitter cut-off current (Iggs)

Maximum value, at specified value of the collector-emitter voltage (preferably the maximum
rated value), and with the base short-circuited to the emitter

5.4.2.4.4 Where appropriate, collector-emitter cut-off current (Icgo)

Maximum value, at specified value of the collector-emitter voltage (preferably the maximum
rated value), and with the base open-circuited

5.4.2.5 Cut-off currents at a specified high temperature

5.4.2.51 Collector-base cut-off current (Icgo) or collector-emitter cut-off current
(Icex)

Either:

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

or:

maximum value, at a voltage preferably between 65 % and 85 % of the maximum rated
collector-emitter voltage, with the base- emitter voltage specified.

5.4.2.5.2 Where appropriate, collector-emitter cut-off current (/Icgr)

Maximum value, at a voltage preferably between 65 % and 85 % of the maximum rated
collector-emitter voltage, under specified base-emitter bias resistance.

5.4.2.5.3 Where appropriate, collector-emitter cut-off current (Iggs)

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

5.4.2.5.4 Where appropriate, collector-emitter cut-off current (Icgo)

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

5.4.2.6 Collector-emitter saturation voltage (Vcesat)

Maximum value, at a specified high value of collector current and specified base current

5.4.2.7 Output power (P, ) or power gain (G)

Either:

minimum value, circuit and bias conditions to be specified, f = specified high value where
appropriate, at a lower frequency f,, for the same specified conditions of circuit and bias

or:

minimum value, same conditions as for output power.
5.4.2.8 Where appropriate, either:

Overall efficiency (n;.)
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or:
Collector efficiency (n.)

Minimum value, same conditions as for output power

out

ne =
PC(dAcA)

or:
Power added efficiency (nadq)

Minimum value, same conditions as for output power

P —P
out in
Nadd =

c(d.c)

5.4.2.9 Capacitances

Maximum value at specified conditions.

5.4.2.9.1 Collector-base capacitance(C.p)

Maximum value at specified collector base and emitter base voltages.

5.4.2.9.2 Where appropriate , collector-emitter capacitance(Cce)

Maximum value at specified collector base and emitter base voltages.

5.4.2.9.3 Where appropriate , emitter-base capacitances(Cgp)

Maximum value at specified collector base and emitter base voltages.

5.4.2.10 Where appropriate, inter modulation factor or other linearity criterion

Minimum and maximum values under specified conditions.

5.4.2.11 Maximum thermal resistance

Maximum value. Where virtual junction temperature is specified in 5.4.1.1.

5.5 Switching transistors
5.5.1 Ratings (limiting values)
5.5.1.1 Temperatures

Minimum and maximum value of operating temperatures, ambient or case or virtual junction
temperature(T, or T, or T). Documents
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Minimum and maximum value of storage temperatures (Tstg)

5.5.1.2 Voltages and 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 as

follows.

5.5.1.21 Maximum collector-base voltage with zero emitter current (Vo)

5.5.1.2.2 Maximum collector-emitter voltage, either with zero base current or with a
specified emitter-base reverse voltage (Vcgo or Veey)

5.5.1.2.3 Maximum emitter-base reverse voltage with zero collector current (Vgg()

5.5.1.2.4 Collector-emitter sustaining voltage (Vcexsys)

Maximum rated value at specified collector current and specified base-emitter (reverse)
voltage should be state.

5.5.1.2.5 Maximum continuous collector current (/)

5.5.1.2.6 Where appropriate, maximum peak repetitive collector current, under
specified conditions (Icgry)

5.5.1.2.7 Maximum continuous base current (/g)

5.5.1.2.8 Where appropriate, maximum peak repetitive base current, under specified
conditions (Iggry)

5.5.1.2.9 Where appropriate, maximum emitter current, continuous and/or peak
repetitive, under specified conditions (/g, Iggy)

5.5.1.3 Power dissipation (P, or P¢)

Maximum total power dissipation (P, or P¢), and where thermal resistance is not given in the
characteristics, Maximum total power dissipation as a function of temperature over the range
of operating temperatures.

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

5.5.1.4 Safe operating areas
5.5.1.4.1 Forward biased safe operating area (FBSOA)

Diagram showing the area of collector currents (/;) and collector-emitter voltages (V¢cg) 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.

5.5.1.4.2 Reverse biased safe operating area (RBSOA)

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

5.5.1.4.3 Short circuit safe operating area SCSOA

SCSOA is given by a pair of values of short circuit duration (t,.) and collector-emitter
voltage (V) that may not be exceeded under the load short circuit conditions. The device
may be turned on and turned off again for shorting a voltage source without failure.
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5.5.2 Characteristics
5.5.2.1 General

The values should be preferably stated at one of the voltages and/or currents given in 5.9 of
IEC 60747-1:2006.

5.5.2.2 Cut-off currents

The following values should be stated.

NOTE One or more of these currents should be stated.

5.5.2.21 Collector-base cut-off current (Icgo)

— Maximum value, 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

5.5.2.2.2 Collector-emitter cut-off current (Icex)

— Maximum value, 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

5.5.2.2.3 Collector-emitter cut-off current (Icgs)
— Maximum value, 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

5.5.2.2.4 Collector-emitter cut-off current (Icgo)
— Maximum value, 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

5.56.2.2.5 Collector-emitter cut-off current (/cgr)

— Maximum value, 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

5.5.2.2.6 Emitter-base cut-off current (/ggo)

— Maximum value 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
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5.5.2.3 Static value of common-emitter forward current transfer ratio (ha4g)

Minimum value at specified collector current and collector-emitter voltage

5.5.2.4 Collector-emitter saturation voltage (Vcesat)

Maximum value for at least one specified collector current and specified base current

5.5.2.5 Base-emitter saturation voltage (Vggsat)

Maximum value at specified collector and base currents, preferably the same as in 5.5.2.4

5.5.2.6 Turn-on energy as appropriate (Eqp)

Where appropriate, maximum value per pulse with inductive load under specified conditions of
T,or T, or T, high Vg, high I; and /g

vj
5.5.2.7 Turn-off energy as appropriate (Eqff)

Where appropriate, maximum value per pulse with inductive load under specified conditions of
Ta or Tc or ij,high VCE' high IC and IB

5.5.2.8 Switching times

Maximum value for resistive load under specified conditions.

5.5.2.8.1 Turn-on delay time (t4(on))

Maximum value, at specified value of collector current (/) and base forward current (/g4).

5.5.2.8.2 Rise time (t,)

Maximum value, at specified values of collector current (/c) and base forward current (/g1).

5.5.2.8.3 Storage time (tg)

Maximum value, at specified values of collector current (/c) and base forward and reverse
currents (/g1 and Igo)

5.5.2.8.4  Fall time (t)

Maximum value at specified values of collector current (/c) and base forward and reverse
current (/g4 and /Ig5).

5.5.2.9 Transition frequency (fr)

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 measurement frequency should 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.

5.5.2.10 Output capacitance (C,,)
Maximum value, at specified collector-base voltage and frequency, with zero emitter current.

NOTE The two terminal method is valid for Cgy,.
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5.5.2.11 Thermal characteristics

Where virtual junction temperature is specified in 5.5.1.1.

5.5.2.11.1 Thermal resistance junction-case (Rtn(j-c))

Maximum value for junction and case-rated transistors

5.5.2.11.2 Thermal resistance junction-ambient (Rth(j-a))

Maximum value for junction and ambient-rated transistors

5.5.2.11.3  Transient thermal impedance junction-case (Ziyj.c))

For junction and case-rated transistors, diagram showing the maximum value against the time
which has elapsed after a step change in power dissipation.

5.5.2.11.4 Thermal impedance junction-case under pulse conditions (Znj-c)p)

Diagram showing (Zij-c)p) @against the pulse duration f, for various duty cycles, at least 1/2.

5.5.2.11.5 Transient thermal impedance junction to ambient (Ziyj.a))

For junction and ambient-rated transistors, diagram showing the maximum value against the
time which has elapsed after a step change in power dissipation.

5.6 Resistor biased transistors
5.6.1 Ratings
5.6.1.1 Temperatures

Minimum and maximum value of operating temperatures, ambient or case or virtual junction
temperature(T, or T, or T).

Minimum and maximum value of storage temperatures (Tstg)

5.6.1.2 Voltages and current

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

5.6.1.2.1 Input voltage (V)

Maximum forward and reverse values

5.6.1.2.2 Output voltage (Vo)

Maximum value

5.6.1.2.3 Output current (/g)

Maximum value

5.6.1.3 Power dissipation (P, or P¢)

Maximum total power dissipation (P, or P¢), and where thermal resistance is not given in the
characteristics, Maximum total power dissipation as a function of temperature over the range

of operating temperatures Documents
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Any special requirements for ventilation and/or mounting shall be specified.

5.6.2 Characteristics
5.6.2.1 General

Characteristics are to be given at 25 °C; except where otherwise stated.

5.6.2.2 Off-State input voltage (V)

Maximum value and where appropriate minimum value at specified output off-state current
and voltage (High level output voltage).

5.6.2.3 On-state input voltage (Vj(on))

Minimum value and where appropriate maximum value at specified output on-state current
and voltage (Low level output voltage).

5.6.2.4 On-state output voltage (Vo(on))
Maximum value at specified output on-state current and input current

NOTE This item is equivalent to collector-emitter saturation voltage (Vggsat) Of the bipolar transistor. (See
5.5.2.4))

5.6.2.5 Off-state output current (/o(off))

Maximum value at specified input voltage and output voltage

5.6.2.6 Bias resistor 1 (ry)

Maximum and minimum value at 25 °C

5.6.2.7 Bias resistor ratio

rqylry or ry/ry shall be specified, both the maximum and minimum value.

5.6.2.8 Thermal resistance (Rh(j-a) OF Rth(j-c))

Maximum value, where virtual junction temperature is specified in 5.6.1.1
Maximum value under specified mounting conditions

5.6.2.9 Static value of forward current transfer ratio (hgg)

Minimum value under specified conditions of output voltage and output current.

6 Measuring methods

6.1 General

The polarities of the generators shown in the circuits in this clause are applicable to NPN
devices. However, these circuits can be adapted for PNP devices by changing the polarities
of the meters and power supplies. The device under test might be a resistor biased transistor,
where it is applicable.

The general requirements given in IEC 60747-1:2006, Clause 6 apply to measuring methods.
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6.2 Verification of ratings (limiting values)

6.2.1 Acceptance criteria

Table 1 — Acceptance defining characteristics and acceptance criteria

Acceptanf:e-.defmmg Acceptance criteria Measurement conditions
characteristics

Ices logs < USL Specified V¢g

VeEsat Vegeat < USL Ic and Ig specified for Voggat

USL: upper specified limit.

Table 2 — Acceptance defining characteristics suitable for resistor biased transistor

Acceptance-defining P .
characteristics Acceptance criteria Measurement conditions
lo(ofry OF IcES ooty OF Ices < USL Specified V ,or V¢
Vo(on) OF VcEsat Vo(ony OF Veesat < USL l,, or Ic and |/, or Iz specified for
vo(on)r or vCEsat

USL: upper specified limit.

6.2.2 Collector current
a) Purpose

To verify that the collector current capability of a transistor is not less than the maximum rated
value /- under specified conditions.

b) Circuit diagram

DUT

R, B +
—L) (e
+
E
Q Ves

- IEC 2912/10

Figure 3 — Test circuit for collector current

c) Circuit description and requirement

R4 and R, are resistors for circuit protection. Vgg and V. are the d.c. voltage supply.

d) Test procedure
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The temperature (T, or T.) and base current are set and kept to the specified value. The
supply voltage (V) is increased until collector current reaches the specified value. The test
is completed when thermal equilibrium has been reached. After the above test, confirm
transistor characteristics are normal. See Table 1.

e) Specified conditions

— Ambient or case or virtual junction temperature T, or T or T,

— Collector current /¢

— Base current /g

6.2.3 Peak collector current

a) Purpose

To verify that the peak collector current capability of a transistor is not less than the maximum
rated value /), under specified conditions.

b) Circuit diagram

|

DUT |¢

cc

IEC 2913/10

Figure 4 — Test circuit for peak collector current

c) Circuit description and requirement

R4 and R, are resistors for circuit protection. V. is a voltage supply for collector current. G
is a pulse generator for base current.

d) Test procedure

The temperature (T, or T, or ij) and base current are set and kept to the specified value.
The supply voltage (V) is increased until collector current reaches the specified value. The
duty cycle should meet the requirements of clause 6.6.10 of IEC 60747-1:2006. After the
above test, confirm transistor characteristics are normal. See Table 1.

e) Specified conditions

— Ambient or case or virtual junction temperature T, or T or T,

— Collector current /¢

— Pulse base current (duration time, duty cycle)

6.2.4 Base current
a) Purpose
To verify that the base current capability of a transistor is not less than the maximum rated

value /g under specified conditions.
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b) Circuit diagram

O]

IEC 2914/10

Figure 5 — Test circuit for base current

c) Circuit description and requirements
R is a resistor for circuit protection. Vg is a d.c. voltage supply.

d) Test procedure

The temperature (T, or T_ or ij) is set. The supply voltage (Vgg) is increased until /5 reaches
the specified value. The test may be stopped when thermal equilibrium has been reached.
After the above test, confirm transistor characteristics are normal. See Table 1.

e) Specified conditions

— Ambient or case or virtual junction temperature T, or T or T,

— Base current /g

6.2.5 Peak base current

a) Purpose

To verify that the peak base current capability of a transistor is not less than the maximum
rated value /gy, under specified conditions.

b) Circuit diagram

O

—_ IEC 2915/10

Figure 6 — Test circuit for peak base current

c) Circuit description and requirements
R is a resistor for circuit protection. G is a pulse generator.

d) Test procedure Documents
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The temperature (T, or T, or T,;) is set. The supply voltage (G) is increased until base current
reaches the specified value. The test may be stopped when thermal equilibrium has been
reached. After the above test, confirm that transistor characteristics are normal. See Table 1.
e) Specified conditions

— Ambient or case or virtual junction temperature T, or T or ij

— Pulse base current (duration time, duty cycle)

6.2.6 Collector-base voltage

a) Purpose

To verify that a transistor withstands the rated collector-base voltages Vigo, Veops: Vegr OF
Viegx under specified conditions.

b) Circuit diagram

E C A 1 1
9 o—\ , _ I d {1
[o] o] — l
DUT D -
N Ve R, B + VcE Z&

o [o] 0 © G 3

Veex  Vesr Ves Voo = ‘ lc
DC method AC method
IEC 2916/10

Figure 7 — Circuit for testing the collector-base voltage Vo, Vcps: Veer: Vebx

c) Circuit description and requirements

R, is a resistor for circuit protection. V¢ is d.c. or a.c. voltage power supply. Vpg is a d.c.
power supply.

d) Test procedure

There are two methods, i.e. the d.c. method and the a.c. method with circuits according to
Figure 7. The base-emitter voltage is set to the specified condition. The collector-base voltage
is applied. After the test, confirm the acceptance defining characteristics are according to
criteria of Table 1.
e) Specified conditions
— Ambient or case or virtual junction temperature T, or T, or T,
— Base-emitter bias conditions

Viego: Open circuit between base and emitter

Vicpx: Base-emitter conditions — Vg

Vcgr: Resistor connected between base and emitter

Vs Short circuit between base and emitter
— Frequency of the generator V., if different from 50 Hz to 60 Hz
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6.2.7 Collector-emitter voltage, output voltage

a) Purpose

To verify that a transistor withstands the rated collector-emitter voltages Ve, Vees: VeeR -
Vcex or output voltage V5 under specified conditions.

b) Circuit diagram

DUT |c + VcE D ZS

Voex  Veer Vees Veeo ( Vee

- VCC ~
Ves e . <>

@ =

+

DC method AC method
IEC 2917/10

Figure 8 — Circuit for testing the collector-emitter voltage Ve, Voes: Veer: Veex, Vo

c) Circuit description and requirements
R, is a resistor for circuit protection. V. is d.c. or a.c. voltage power supply. Vgg is d.c.
voltage supply.
d) Test procedure
There are two methods, i.e. the d.c. method and the a.c. method with circuits according to
figure 8. The collector-emitter voltage is applied. After the test, confirm the acceptance
defining characteristics are according to criteria of table 1 or 2.
e) Specified conditions
— Collector-emitter voltage Vg
— Ambient or case or virtual junction temperature T, or T, or T,
— Base-emitter bias conditions
Viceo: Open circuit between base and emitter
Vicex: Base-emitter conditions — Vg
Vcer: Resistor connected between base and emitter
VcEes: Short circuit between base and emitter
74

o . Openinput circuit

— Frequency of the generator V., if different from 50 Hz to 60 Hz

6.2.8 Emitter-base voltage, Input voltage
a) Purpose

To verify that a transistor withstands the rated reverse emitter-base voltage Vg or input
voltage V, under specified conditions.

b) Circuit diagram
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o]

- IEC 2918/10

Figure 9 — Circuit for testing the emitter-base voltages Vgg and input voltage V,

c) Circuit description and requirements
R is a resistor for circuit protection. Vg is d.c. voltage supply.

d) Test procedure

Apply the emitter-base voltage Vggy or input voltage V| to the DUT. For resistor biased
transistor the input voltage is applied in both polarities. After the test, confirm the acceptance
defining characteristics are according to criteria of table 1 or 2.

e) Specified conditions

— Emitter-base cut-off current

— Ambient or case or virtual junction temperature T, or T; or T,

— Collector open circuit

6.2.9 Safe operating area (SOA)

6.2.9.1 Reverse biased safe operating area (RBSOA)
a) Purpose
To verify that a transistor operates reliably without failure in RBSOA

b) Circuit diagram and waveforms

LS
Y Y Y
e o § )
DUT | ¢
R an B L ¥ *
ig N VCE(cIamp)Q incc
E

— IEC 2919/10

Figure 10 — Test circuit of reverse bias safe operating area (RBSOA)
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VCE(CIamp)

IEC 2920/10

Figure 11a — Waveforms of base current /g and collector current /s during turn-off

Current limit (ex. 2/z)

AN

RBSOA

Voltage limit (ex. Vegx)

Vee
IEC 2921/10
NOTE This test should be applied for RBSOA as the above.

Figure 11b — RBSOA curves during turn-off

Figure 11 — Waveforms and curves for RBSOA

c) Circuit description and requirements
is a resistor for circuit protection. V. is adjustable voltage supply.

= X

is an inductive load. Vg (cjamp) is adjustable voltage source for the clamping voltage.
Lg is a stray circuit inductance. G is a pulse generator for the base current.
D is the clamping diode.

The value of load inductance L shall be high enough to apply Vcg(camp) to the DUT at least
before the beginning of the fall time t.
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d) Test procedure

DUT is turned off at specified /5. Vog and I are monitored. The DUT has to turn-off /o and
withstand Voe = Vg clamp)- After the above test, confirm that the DUT characteristics are
normal. See Table 1.

e) Specified conditions

— Collector current /¢

— Base reverse current I,

— Collector-emitter voltage Ve (clamp)

— Single pulse or testing frequency f;,,

— Inductance L

— Value of unclamped stray inductance Lg

— Ambient or case or virtual junction temperature T, or T or T,

6.2.9.2 Short circuit safe operating area (SCSOA)
a) Purpose
To verify that a transistor operates reliably without failure during a load short circuit condition.

b) Circuit diagram
Figure 12 and Figure 13 show the circuit for testing SCSOA and switching waveforms.

Y YY)
_ L
ic_g

O Vce

B Esl/C /incc

S

_ IEC 2922/10

Figure 12 — Circuit for testing safe operating pulse
duration at load short circuit (SCSOA)
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IEC 2923/10

Figure 13 — Waveforms of base current Ig, collector current /; and voltage Vg
during load short circuit condition SCSOA
c) Circuit description and requirements
The circuit impedance of the collector supply circuit in Figure 13 shall be small enough that
Vp is less than (Vg + Lg(-di/dt))
Vp is transient peak voltage during load short circuit condition.
R is a resistor for circuit protection. V. is an adjustable voltage source.
Lg is a stray circuit inductance. G is a pulse generator for the base current.

d) Test procedure

The temperature is set to the specified value. The base current and pulse duration are set to
the specified values. The collector-emitter voltage Vg is set to the specified value. The
collector current I, Vg, and Iz are monitored in order to see whether the transistor turns on
and turns off correctly. After the above test, confirm the DUT characteristics are normal. See
Table 1.

e) Specified conditions

— Collector-emitter voltage Vg = V¢

— Base current /g

— Pulse duration t, s,
— Value of stray inductance Lg

— Ambient or case or virtual junction temperature T, or T or T,

6.2.10 Output current (/g)
a) Purpose

To verify that a resistor biased transistor operates reliably without failure under maximum
output current.

b) Circuit diagram
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fvcc

IEC 2924/10
Figure 14 — Circuit diagram for verifying the output current /,

c) Measurement procedure

The specified input on-state voltage is applied. The output supply voltage (V¢) is adjusted to
the value at which the output current equals the specified value.

d) Specified conditions

— Reference point or junction temperature (T, or T,)

— On-state input voltage (Vl( ) or current /

on)
— On-state output current (Io(on))

6.2.11 Collector-emitter sustaining voltage

a) Purpose

Verify that a transistor will sustain the maximum rated value of the collector-emitter sustaining
voltage under specified conditions without being damaged.

b) Precautions to be observed

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 V-gq
that corresponds to the specified current /s (point B of figure 16).

c) Circuit diagram

———— Voltage clamping unit

e

A

/

of

L

[
[
[
[
| Oscilloscope
[
[
[
[

—_——_—————— e ——— —— —y

Day

IEC 2925/10

Figure 15 — Basic circuit for the measurement
of the collector-emitter sustaining voltage
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d) 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 R, is required for the measurement of Veg(sus):
Generator V- is adjustable; it enables the collector current to be set to the specified value.
R4 is a current measuring resistor.

A voltage clamping unit, indicated in figure 15 as a variable voltage source in series with a
diode, limits the voltage Vg at the maximum rated value Ve sys) OF Veer(sus)-

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

toff
01 /o

Lenin = (V = Vee)

This ensures that /| does not drop by more than 10 % during £ .

e) Measurement procedure
1) The clamping unit is adjusted to operate at the maximum rated value Vcegsys)-

2) With voltage V set at 0, current I is adjusted (for example 1/10 or 1/5 of the specified
current /), so that the specified current I can be reached with a Vg value of less than a
few volts (point A in figure 16) (that is, in the saturated condition).

3) The voltage V¢ is progressively increased until the specified current /5 is reached for the
maximum rated value of voltage Vgg(sys) (POiNt B in figure 16).

As a result, the current at which the cycle starts may reach a value /5 slightly higher than
the specified value of I (point A" in figure 16).

Ich
A

Io-
) \ B
Specified /.

74

IEC 2926/10

Figure 16 — I, versus Vg characteristic

f) 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. Documents
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2) When the clamping unit is not used, the transistor is satisfactory if the trace effectively
turns around point B, as shown in figure 16.

3) Devices shall also meet the requirements of table 1 after the test.

g) Specified conditions

— Case or ambient temperature (T or T,)

— Collector current (/)

— Minimum sustaining voltage (Vcgosus) O VeeR(sus))

— Value of inductance L, where appropriate

— Frequency of pulse generator /g, if different from 50 Hz.

- Resistor R, (VCER(SUS))
6.3 Methods of measurement

6.3.1 Turn-on time intervals and turn-on energy with inductive road

a) purpose

To measure the turn-on time intervals ty, t,, t,, and turn-on energy E_, of a transistor under
specified conditions with inductive load.

b) Circuit diagram and waveforms

p /N L

_— IEC 2927/10

Figure 17a - Circuit diagram for measuring turn-on intervals and energy
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Figure 17b — Waveforms during turn-on intervals

Figure 17 — Circuit diagram and waveforms

c) Circuit description and requirements

R, Vgg and pulse generator G are used to adjust the values of /g4 and /5.
R is a resistor for circuit protection. V. is an adjustable voltage source.
L is an inductive load.

D is a free wheeling diode.

d) Measurement procedure

The input pulse amplitude /g4 and /g, and the supply voltage V. are set to the specified
values. The transistor is turned-on and turned-off twice and then the second turn-on is
observed. Waveforms of base current /g, collector current I and collector-emitter voltage Vg

t
are monitored. E, is calculated by the equation of Eon=J.t2 ic xVce xdt.
1

e) Specified conditions

— Ambient, case, or virtual junction temperature (T, T, or ij)
— Collector emitter voltage (Vg1)

— Collector current (/c4)

— Base current during the pulse (/z4)

— Peak reverse base current (/g,) (for tg, t;, and t  only)

— Input voltage (Vgg and G)

— Resistance (R)

Characteristics of the free wheeling diode which effect the turn-on energy of the transistor

6.3.2  Turn-off time intervals and turn-off energy with inductive road
a) Purpose
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To measure the turn-off time intervals t, t; t; and turn-off energy E_ i of a transistor under
specified conditions with inductive load.

b) Circuit diagram and waveforms
Circuit diagram is the same as Figure 17a.

(8

f B pU

Iz
0 y — >
0,1 Ig, t
Igo
v
—
Vce 0,9 Ic [
A
I Ve
Vee
0.1 g
. Wee | 003V oS, |
P g
W B
N i
Lot [ \
_’ <—
ti Eoff
0 >
t t t

IEC 2929/10

Figure 18 — Waveforms during turn-off intervals

c) Circuit description and requirements

R, Vgg and pulse generator G are used to adjust the values of /g4 and /g,.
R is a resistor for circuit protection. V. is an adjustable voltage source.
L is an inductive load.

D is a free wheeling diode.

d) Measurement procedure

The input pulse amplitude, /g4, /g and the supply voltage V. are set to the specified values.
The transistor is turned-on and turned-off. Waveforms of base current /g, collector current /g
and collector-emitter voltage Vg are monitored. E  is calculated by the equation of integral

t
Of Eoff:J.tziC X VCE xdt-
1

e) Specified conditions

— Ambient, case, or virtual junction temperature (T, T, or ij)
— Collector emitter voltage (Vgq)

— Collector current (/s4)

— Base current during the pulse (/z4)
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