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INTERNATIONAL ELECTROTECHNICAL COMMISSION
SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 9: Insulated-gate bipolar transistors (IGBTs)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the electfi

this end and in addition to other activities, IEC publishes International Stangd i € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any ¢ qittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &ccorda W
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

7) No liability shall attac s_dires mployees, servants or agents including individual experts and
members of its technd S E ational Committees for any personal injury, property damage or
other damage of Any w whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the publi t|on use of, or reliance upon, this IEC Publication or any other IEC

9) AttentionN M o gsibility that some of the elements of this IEC Publication may be the subject of
~JEC'shaN not\e held responsible for identifying any or all such patent rights.

International Standafd IEC 60747-9 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition of IEC 60747-9 cancels and replaces the first edition (1998) and
amendment 1 (2001).

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

a) Clause 3 was amended by adding terms that should be included.

b) Clauses 4 and 5 were amended by suitable additions and deletions that should be
included.

c) Clauses 6 and 7 in Amendment 1 were combined into Clause 6 with suitable additions and
corrections that should be included.

d) Clause 8 in Amendment 1 was renumbered as Clause 7.

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

FDIS Report on voting
47E/333/FDIS 47E/341/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 parts of the IEC 600747 series, under the general title: Semigonductor devices —
Discrete devices, can be found on the IEC website.

The committee has decided that the contents of this publication ! .
the maintenance result date indicated on the IEC web site unde WA Qrexéc.ch” in
the data related to the specific publication. At this date, the pub

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@@
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SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 9: Insulated-gate bipolar transistors (IGBTs)

1 Scope

This part of IEC 60747 gives product specific standards for terminolog
essential ratings and characteristics, verification of ratings and methods
insulated-gate bipolar transistors (IGBTs).

letter symbols,
easurement for

2 Normative references

IEC 60747-2, Semiconductor devices
Rectifier diodes

Graphical symbol

NOTE Only the graphical symbol for N-channel IGBT is used in this standard. It equally applies for the
measurement of P-channel devices. In the case of P-channel devices polarity must be adapted.
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3.2 General terms

3.21

insulated-gate bipolar transistor

IGBT

transistor having a conduction channel and a PN junction. The current flowing through the
channel and the junction is controlled by an electric field resulting from a voltage applied
between the gate and emitter terminals

See IEV 521-04-05.

NOTE With collector-emitter voltage applied, the PN junction is forward biased.

3.2.2

N-channel IGBT

IGBT that has one or more N-type conduction channels
See IEV 521-05-06.

3.2.3

P-channel IGBT

IGBT that has one or more P-type conduction channels
See IEV 521-04-05.

3.2.4

collector current (of an IGBT)

le

direct current that is switched (contro

3.2.5

See |IEV 521-07-0f and
3.2.6

emitter terminal, ¢
E

See |IEV 5

gate terminal, gate (of an IGBT)

terminal to which a voltage is applied against the emitter terminal in order to control the
collector current
See IEV 521-07-09.

3.3 Terms related to ratings and characteristics; voltages and currents

3.31
collector-emitter (d.c.) voltage
voltage between collector and emitter

3.3.2
collector-emitter voltage with gate-emitter short-circuited

Vces
collector-emitter voltage at which the collector current has a specified low (absolute) value

with gate-emitter short-circuited
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3.3.3

collector-emitter sustaining voltage

VcE*sus

collector-emitter breakdown voltage at relatively high values of collector current where the
breakdown voltage is relatively insensitive to changes in collector current, for a specified
termination between gate and emitter terminals

NOTE 1 The specified termination between gate and emitter terminals is indicated in the letter symbol by the third
subscript **’; see 4.1.2 of IEC 60747-7.

NOTE 2 When necessary, a suitable qualifier is added to the basic term to indicate a specific termination between
gate and emitter terminals.

Example: Collector-emitter sustaining voltage with gate and emitter terminals short-circuiteg-v

NOTE 3 The basic term may be shortened if the meaning is clear from the letter symbgl
Example: Collector-emitter sustaining voltage Vcersys-

NOTE 4 This term is important for high-voltage devices, for example more t

3.34
collector-emitter breakdown voltage
V(BR)CES . , ,
voltage between collector and emitter above which t otectox cu ses steeply, with
gate to emitter short-circuited
See IEV 521-05-06.

3.3.5
collector-emitter saturation voltage

VcEsat )
collector-emitter voltage

is essentially independen

3.3.6
gate-emitter (d,@a .
voltage between X%

3.3.7

gate-collecto
voltage betwe

3.3.8
gate-emitter

VGE(th)
gate-emitter voltage at which the collector current has a specified low (absolute) value

hreshold voltage

3.3.9

electrostatic discharge voltage

voltage that can be applied to the gate terminal without destruction of the isolation layer
See IEV 521-05-27

3.3.10

collector cut-off current

collector current at a specific collector-emitter voltage below the breakdown region and gate
off-state

3.3.11
collector current
current through collector
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3.3.12
tail current

Icz
collector current during the tail time

3.3.13

gate leakage current

IGes

leakage current into the gate terminal at a specified gate-emitter voltage with the collector
terminal short-circuited to the emitter terminal

3.3.14

safe operating area
SOA

collector current versus collector emitter voltage where the IGBT is &
off without failure

tu and turn-

3.3.141

forward bias safe operating area

FBSOA

collector current versus collector emitter voltage wheypé
to be on-state without failure

8 toturn-on and is able

3.3.14.2
reverse bias safe operating area
RBSOA

collector current versus collector emitter voltage Vv
failure

s the IGBT is able to turn-off without

3.3.14.3
short circuit safe operati
SCSOA

short circuit dura '
off without failure
3.4 Terms rels

3.4.1
input capa
Cies
capacitance™k theQate and emitter terminals with the collector terminal short-circuited
to the emitter terminalor a.c.

3.4.2
output capacitance

Coes
capacitance between the collector and emitter terminals with the gate terminal short-circuited

to the emitter terminal for a.c.

3.4.3

reverse transfer capacitance

Cres

capacitance between the collector and gate terminals

344

gate charge

Qg

charge required to raise the gate-emitter voltage from a specified low to a specified high level
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3.4.5
internal gate resistance

rg
internal series resistance

3.4.6

turn-on energy (per pulse)

Eon

energy dissipated inside the IGBT during the turn-on of a single collector current pulse

NOTE The corresponding turn-on power dissipation under periodic pulse conditions is obtained by multiplying E,,
by the pulse frequency.

3.4.7
turn-off energy (per pulse)

Eoff
energy dissipated inside the IGBT during the turn-off time plu

collector current pulse

a, single

NOTE The corresponding turn-off power dissipation under periodic pulsg
by the pulse frequency.

by’ multiplying E g

3.4.8

turn-on delay time

td(on)s td

time interval between the beginning 6 oss the input terminals which
switches the IGBT from the off-state\to beginning of the rise of the

collector current

NOTE Usually, the time is measured betwegen p corresponding to 10 % of the input and output pulse
amplitudes.

3.4.9
rise time

t
time interval be
r linigs

lower and uppe
on-state

the rise of the collector current reaches specified
» the IGBT is being switched from the off-state to the

NOTE Usually the ! imits~are 10 % and 90 % of the pulse amplitude.

3.4.10
turn-ond

tO n

sum of the tur ay time and the rise time

3.4.11

turn-off delay time

ta(off)s ts

time interval between the end of the voltage pulse across the input terminals which has held

the IGBT in its on-state and the beginning of the fall of the collector current when the IGBT is
switched from the on-state to the off-state

NOTE Usually, the time is measured between points corresponding to 90 % of the input and output pulse
amplitudes.

3.4.12
fall time
t;

time interval between the instants at which the fall of the collector current reaches specified
upper and lower limits, respectively, when the IGBT is switched from the on-state to the
off-state

NOTE Usually, the upper and lower limits are 90 % and 10 % of the pulse amplitude.


https://standards.iteh.ai/catalog/standards/iec/f926be2a-2b69-457d-99a6-b3ed0528c960/iec-60747-9-2007

-12 - 60747-9 © IEC:2007

3.4.13
turn-off time

totf
sum of the turn-off delay time and the fall time

3.4.14
tail time
t;

time interval from the end of the turn-off time to the instant at which the collector current has
fallen to 2 % or lower specified value

4 Letter symbols

4.1 General

General letter symbols for IGBTs are defined in Clause 4 of IEC 0

4.2 Additional general subscripts

C,c collector

E,e emitter

G.g gate

sat saturation

th threshold

Z,z tail

S termination with

R termination with a‘xesi
X termination wj

sus sustain@
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