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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES - DISCRETE DEVICES -

Part 7-5: Bipolar transistors for power switching applications

FOREWORD
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mprising
promote
elds. To

iffcations,
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2) The formal decisions or agreements of IEC on technical matters expre national
congensus of opinion on the relevant subjects since each from all
interpsted IEC National Committees.
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4) In ofder to promote international uniformity i 3 i undertake to apply IEC Pubjications
trangparently to the maximum extent posgible in th' ati and regional publications. Any diergence
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result 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* withdrawn;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.

A bilingual version of this standard may be issued at a later date.
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1 Scope

SEMICONDUCTOR DEVICES - DISCRETE DEVICES -

Part 7-5: Bipolar transistors for power switching applications

This part of IEC 60747 gives requirements for bipolar switching transistors used for power
switching application above 1 A

NOTE
2 Nc

The fo
For da
of the

IEC 60

IEC 60
Gener

3 Te
For thq

3.1

switch
td(on)’
as des
wavefd

3.2

collec
Vee s
the cd
breakd
termin

Requirements concerning bipolar transistors in general can be found in IEC 607

dbrmative references

ing timeQ
t., ts and t;

cribed in | e input waveform is the base current and the|output
rm is the

own~voltage i
htion-between base and emitter terminals

ument.
edition

\dhtegrated circuits — [Part 1:

itter\breakdown voltage at higher values of collector current whegre the
relatively constant over decreasing collector current for a specified

3.3

turn-on energy (per pulse)

E

on

energy dissipated in transistor during turn-on

3.4

turn-off energy (per pulse)

Eoft

energy dissipated in transistor during turn-off
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4 Letter symbols — Energies

See |IEC 60747-7.
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Name and designation

Letter symbol

Remarks

Turn-on energy

Eon

Turn-off energy

Eoff

Energy is always per pulse

5 [Egsential-ratings—and-characteristies

5.1 Ratings (limiting values)

Ratingp shall be valid for the whole range of operating conditions a

device| with reference to a curve where appropriate.

5.1.1 Temperatures

51.1.1 Minimum and maximum of operating temperatuces;,\a

junction (T, or T,

Tvj)
5.1.1.2 Minimum and maximum

5.1.2 Currents

The ratings must cover the operation

Where

5.1.2.1

5.1.2.2

5.1.2.3
5.1.24

5.1.2.5 ere \appropriate, maximum emitter current, continuous and/or peak

5.1.3

5.1.3.1 i -

of th

ROl

ated, fox the_p

ent or case or \

ticular

virtual

atures.

ied

5.1.3.2 Maximum collector-emitter voltage, either with zero base current or with a
specified emitter-base reverse voltage (Vggg or Vegx)-

5.1.3.3 Maximum emitter-base voltage with zero collector current (Vggg)-

5.1.3.4 Collector-emitter sustaining voltage (Vcexsus)-

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

voltage
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5.1.4 Power dissipation

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

5.1.4.2 Derating factor above 25 °C or, for case-rated devices, derating curve
5.1.5 Safe operating areas
5.1.5.1 Forward biased safe operating area (FBSOA)

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

Conditjons to be specified:

— cage temperature (T.);
— pulpe time (tp);
— dutly cycle (9).

5.1.5.2 Reverse biased safe operating area (R

Diagram showing the area of collector currents which
the tr{:sistor will sustain simultaneo for vithout
being damaged

Conditjons to be specified:
— cage temperature (T.);
— reverse base current

— conditions in the d

5.1.5.3 : ihg ared (SCSOA)

The S of short-circuit duration (t5(g¢)) and collector-pmitter

voltag ded under the load short circuit conditions. The |device
may b n for shorting a voltage source without failure.

5.2

5.2.1

NOTE [One orsmore~of these currents should be stated.

5.2.1.1 Collector-base current (Icg0)

— 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.

5.2.1.2 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.
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5.21.3 Collector-emitter current (/cgs)

— 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.

5.2.1.4 Collector-emitter current (/cgr)

— Maximum value at 25 °C, preferably at the maximum rated collector-emitter voltage and

't' H -+ L. Y H +
Wi La Spectregoase-—emitrerreststance:

— Makimum value at a high operating temperature, at a voltage pre
and 85 % of the maximum rated collector-emitter voltage and with
resjstance.

ably b weerL 65 %
spedifiedhbase-gmitter

5.2.1.9 Emitter-base current (/ggg)
— Makimum value at 25 °C at a specified high value of thexemit 856 ¥z ith the
collector open-circuited.

— Makimum value at a high operating temperaturd
and with the collector open-circuited.

pltage,

5.2.2
Minimy
5.2.3

Maxim 5 ified collector current and specified base
curren

5.2.4

Maxim

5.2.5
or T,

Maxim vj’

high V|

5.2.6 Turn-off energy (E )

Maximum value per pulse with inductive load under specified conditions of T, or T; or T,;,high
VcE , high Ic and /g.

5.2.7 Switching times
5.2.71 Turn-on delay time (ty.op))

Maximum value for resistive load under specified conditions.

5.2.7.2 Rise time (t,)

Maximum value, at nominal values of collector current (/) and base forward current (/g4).
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5.2.7.3 Turn-on time (t,,,)

Maximum value, at nominal values of collector current (/;), base forward current (/g4) and
base-emitter voltage (Vgg) prior to turn-on pulse.

5.2.7.4 Storage time (t,)

Maximum value, at nominal values of collector current (/c) and base forward and reverse
currents (/g4 and Ig,).

5.2.7.5  Fall time (t;)

Maximum value for resistive load under specified conditions.

5.2.7.6 Turn-off time ()

Maximum value, at nominal values of collector current (/;) and_bs
currents (/g4 and Ig5).

a everse

5.2.8 | Thermal resistance junction to case (Ryy.c))

Maximpum value for case-rated transistors.

5.2.9

Maxim

5.2.10

For ca ch has

elapse

5.2.11

For a which

has el

6.1
Fajlure-defining Eriliien aribasia Measurementeconditions—
Characteristics S R
IcEs Ices™> USL Specified Vg
VicEsat VcEsat®USL I specified for Vgggat
USL: upper specified limit.

6.1.1 Voltages and currents
6.1.1.1 Collector current (/)
6.1.1.1.1 Purpose

To verify that the collector current capability of a transistor is not less than the maximum rated
value /s under specified conditions.
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6.1.1.1.2 Circuit diagram
Ic R,
(A —
DUT |
Ry B *
—(&)
+ /
v E -
/ VDD
/I
Figure 1 —Test circuit for collecto
6.1.1.1.3 Circuit description and requirement
R4 and R, are resistors for circuit protection. Vgg a
6.1.1.1.4 Test procedure
The temperature (T, or T, or T)

The s
stoppe
charac

6.1.1.1.

— Amb
— Collg
— Bassg

6.1.1.2

6.1.1.2.

To ver
rated

pply voltage (V) is increased
d when thermal equiibrium _has
teristics are normad,

fy thatthep
alue-lcy und

r specified conditions.

R collector current capability of a transistor is not less than the m4g

ximum
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6.1.1.2.2 Circuit diagram

Vce

90/05

6.1.1.2.

R4 and nt. G is
a puls

6.1.1.2.

The temperature (T, or T, or T, ) anad, bas a ified| value.
The sypply voltage (Vo )is ncr IS¢ i P ifi . nay be
stopp ychied. After the above test, confirm that
transis

6.1.1.2.

6.1.1.3
6.1.1.3.

To verffyidhat the base current capability of a transistor is not less than the maX|mun|1 rated

H H
Value I UIIUCI OHC\JIIIUU \aUIIUIlIUIIO
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6.1.1.3.2 Circuit diagram
O
T O
—1
— IEC \J091/0%
Figure 3 — Test circuit for base current
6.1.1.3.3 Circuit description and requirements

R is a fesistor for circuit protection. Vgg is a d.c. voltage su

6.1.1.3.4 Test procedure

The teperature (T, or T; or T;) is set. The suppiy \ e (MgpNis intfeased until /g reaches
the spgcified value. The test may be stopped i eqw jorium has been refached.
After the above test, confirm that tranSistorcha are/ngrrhal. See Table 1.

6.1.1.3.5 Specified conditions

— Ampbient or case or virt

— Basge current /.

6.1.1.]
6.1.1.4.

1

Peal@e
Pur s

To ver apability of a transistor is not less than the mgximum
rated |
6.1.1.4.
O
DUT c
LA
A\
E
1 °
—_ IEC 1092/05

Figure 4 — Test circuit for peak base current


https://iecnorm.com/api/?name=c8129668642389a0c7614e04eb71c8cb

60747-7-5 O IEC:2005(E) ~13 -

6.1.1.4.3 Circuit description and requirements

R is a resistor for circuit protection. G is a pulse generator.

6.1.1.4.4 Test procedure

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

6.1.1.4.5 Specified conditions
— Ampient or case or virtual junction temperature T, or T, or T,;.

— Pulse base current (duration time, duty cycle).

6.1.1.9 Collector-base voltage ( Vcgs,Vcer Or Veex)
6.1.1.5.1 Purpose

To verffy that a transistor withstands the rated collector-base vo \ I Vegx
under $pecified conditions.

6.1.1.5.2 Circuit diagram

>
o

™~

1

DC method AC method
IEC| 1093/05

Circuit for testing the collector-base voltage Vcgs, Vegr: VeBx

6.1.1.5:

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

6.1.1.5.4 Test procedure

There are two methods, i.e. the d.c. method and the a.c. method with circuits according to
Figure 5. The base-emitter voltage is set to specified conditions. The collector-base voltage is
set to the specified value. The collector-base leakage current I shall not exceed the specified
value.
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6.1.1.5.5 Specified conditions

— Ambient or case or virtual junction temperature T, or T, or T;.
— Base-emitter bias voltage -Vgg.

Vicgx: Base-emitter voltage — Vgg.

Vcgr: Resistor connected between base and emitter.

Vegs: Short-circuit between base and emitter .
— Frequency of the generator V., if different from 50 Hz to 60 Hz.

cc’

6.1.1.6 Collector-emitter voltage ( Vces, Vcer OF Vcex)
6.1.1.6.1 Purpose

To ver|fy that a transistor withstands the rated collector-emitter voltag
under gpecified conditions.

6.1.1.6.2 Circuit diagram

%
(.
A
ﬁ

)

DC method AC method

IEQ

6.1.1.4. iption and requirements
Ry is g [ cuit protection. V¢ is the d.c. or a.c. voltage power supply. Vgg
d.c. vo

6.1.1.6.4 Test procedure

1094/05

is the

There are two methods, i.e. the d.c. method and the a.c. method with circuits according to
Figure 6. The base-emitter voltage is set to specified conditions. The collector-emitter voltage
is set to the specified value. The collector emitter leakage current /¢ shall not exceed the

specified value.

6.1.1.6.5 Specified conditions

— Collector-emitter voltage V.
— Ambient or case or virtual junction temperature T, or T, or T;.
— Base-emitter bias voltage -Vg.

Vcex: Base-emitter voltage — Vgg.
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Vcer: Resistor connected between base and emitter.
Vces: Short-circuit between base and emitter.
— Frequency of the generator Vcc, if different from 50Hz to 60Hz.

6.1.1.7 Emitter-base voltage (Vgpg)

6.1.1.7.1 Purpose

To verify that a transistor withstands the rated emitter-base voltage Vgg under specified
conditions.

6.1.1.7.2 Circuit diagram

R m DUT
—__1 —— E R
+ % B
Vg V
§ oo

)

IEC 1095/05

Figure 7 £ Ciccui i jtter-base voltages Vgg

6.1.1.71.3 Circuit d

resistor f i Gti [ d.c. voltage supply.

6.1.1.7.

Ris a

The emi
shall n

set to the specified value. The negative base leakage gurrent
glue Iggs. A protective resistor R is provided.

6.1.1.7.

— Ampbientoricas virtual junction temperature T, or T, or T,;.
— Negative base leakage current /ggg.

6.1.2 Safe operating area (SOA)
6.1.2.1 Reverse biased safe operating area (RBSOA)
6.1.2.1.1 Purpose

To verify that a transistor operates reliably without failure in RBSOA


https://iecnorm.com/api/?name=c8129668642389a0c7614e04eb71c8cb

-16 - 60747-7-5 0 IEC:2005(E)

6.1.2.1.2 Circuit diagram and waveforms
Ls
Y'Y Y
+—O Vce
L > Y L
DUT | ¢
R + +
~ B[V \ ol ol

I — l ',Bl \ \i \/\Jc\ua'lllp; / /
G = / / cc
[—L E /

|||—

wc 10p6/05

Figure 8 — Test circuit of reverse bias safe o a (RBSOA)

T «&%
_ Q%

Q : 0,9 fop
VCE (clamp)
<\ X

A »
< >

RO t

IEC 1097/05

Figure 9a — Waveforms of base current Ig and collector current Iz during turn-off


https://iecnorm.com/api/?name=c8129668642389a0c7614e04eb71c8cb

60747-7-5 0 IEC:2005(E) -17 -

Ic

Current limit (ex. 2/c)

\

RBSOA

Voltage limit (ex. Vg

Q

Vesy

IEC 1898/05

NOTE [This test should be applied for RBSOA as the above.

6.1.2.1.3

tage.

Lg isfa stray cirguit i
D is the clampinﬁ

t least

The DUT i < urn off
Ic and|withstaRd VoE\= VGE (clamp)- After the above test, confirm that the DUT charactgristics
are nofmal~See Table 1

6.1.2.1-5—Specified—conditions

— Collector current /.

— Base reverse current Iz, .

— Collector-emitter voltage Ve (clamp)-

— Single pulse or testing frequency f,,.

— Inductance L.

— Value of unclamped stray inductance L.

— Ambient or case or virtual junction temperature T, or T; or T,;.
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Short-circuit safe operating area (SCSOA)

Purpose

- 18 —

60747-7-5 0 IEC:2005(E)

To verify that a transistor operates reliably without failure during a load short-circuit condition.

6.1.2.2.2

Circuit diagram and waveforms

Figures 10 and 11 show the circuit for testing SCSOA and switching waveforms. The circuit
impedance of the collector supply circuit in Figure 10 shall be small enough that V¢ = Vg

F

] O vce
DUT
R
—J .

@@

r/cc

gure 10 — Circuit for testing sdfe operat duration at load short-circ
OA
N A

W\

1099/05

it

Q Vee Ve
V,
/C _— -dl/dt
(\ v v R
Y ¢ "
—/ Iis ——057

fose)

V

A

g

IEC

v

1100/05

Figure 11 — Waveforms of base current /g, collector current /¢ and voltage Vg
during load short-circuit condition SCSOA

6.1.2.2.3

Circuit description and requirements

The circuit impedance of the collector supply circuit in Figure 10 shall be small enough that
Vp is less than (Vg + Lg(=di/dt) ).
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Vp  is the 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.

6.1.2.2.4 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 /s, Vg, and /g are monitored in order to see whether the transistor turns on
and turns off correctly. After the above test, confirm that the DUT characteristics are normal.
See Table 1.

6.1.2.2.5 Specified conditions

— Collector-emitter voltage Vg = V.
— Bage current /.
— Pulse duration f,.
- V:Jue of stray inductance Lg.

- A

bient or case or virtual junction temperature Ty

6.2 Methods of measurement
6.2.1 Turn-on time intervals and t
6.2.1.1 Purpose

To mepsure the turn-on i under

specified conditions with inducti

6.2.1.2 Circuit\\dia ra

—O VCE +

O
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IEC 1101/05

Figure 12 — Circuit diagram for measuring turn-on intervals and energy
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6.2.1.3
R is ¢ resistorfﬁﬂr
V¢ is|an adjustabfe
L isgni [ )
D is ¢
6.2.1.4
The input pulsexamplitude s. The
transis erved.
Wavefprms™of base Current /g, collector current /o and collector-emitter voltage Vg are
monitored: E,, is calculated by the equation:

ty .
E0n=L ic xveg xdt
1

6.2.1.5 Specified conditions

— Case or ambient or virtual junction temperature of the transistor and the diode.
— Voltage of intermediate circuit, V.

— Inductor current /| before turn-on.

— Base current /g.

— Inductance L.

— Characteristics (Q,;, I\, and f,;) of freewheeling diode.
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6.2.2 Turn-off time intervals and turn-off energy (per pulse) (E)
6.2.2.1 Purpose

To measure the turn-off time intervals g, t; f,;+ and turn-off energy E 4 of a transistor under
specified conditions with inductive load.

6.2.2.2 Circuit diagram and waveforms
The circuit diagram is the same as for Figure 12.

L/
o

Vce \Q,Q\IQ

S P
Vee
0,1 Ic
(N\JVe 0,0 Vee 0,02 /¢
0 " .
\/ t, o t
> T\ !
toff > /\
t EOff
i —> [—
t'] t2 t'

IEC 1103/05

Figure 14 — Waveforms during turn-off intervals

6.2.2.3 Measurement procedure
The input pulse amplitude 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 /- and
collector-emitter voltage Vg are monitored. E 4 is calculated by the equation of integral:

— (2.
EOﬁ_J.H Ic XVcE xdt
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6.2.2.4 Specified conditions
— Case or ambient or virtual junction temperature of the transistor and the diode.
— Voltage of intermediate circuit, V.
— Inductor current /| before turn-off.
— Base current Ig.
7 Acceptance and reliability
7.1 Endurance and reliability tests, and test methods
The teists in this clause may be used where appropriate to augme but not_toyreplace,
adequate manufacturing process control and are destructive.
711 General requirements
Chaptgr VIII, Section three, Clause 2 of IEC 60747-1 applie
71.2 List of endurance tests
A choige of endurance tests is given in Figured 1 6
71.3 Conditions for endurance tests
Test ¢onditions and test circuits are—descrip Figures 15 and 16. The reglevant
specification will state which tests will a %
714 Failure-defining 3 isti ailure criteria for endurance and reliability
tests
Failurg-defining iteria and measurement conditions are listed in
Table 2.
NOTE [haracteristic A i e sequence in which they are listed in this table, because the
changeq of charactegisti d by some fajfure mechanisms may be wholly or partially masked by the ipfluence
of other|measurements.
Table ng characteristics for endurance and reliability tests|
AN
Fajluresdefiniig Failure criteria e
cH am \) (see note) Measurement conditions
ICES /CES> USL SpeCIerd VCE
vCEsat VCESat>USL IC Specified for VCEsat
Rin Ry, >1,0 USL Specified I

USL: upper specification limit.

7.1.5

Procedure in case of a testing error

The results of tests carried out using inaccurate or faulty test equipment shall not be included
for the purpose of device assessment.
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