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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

 
Part 9: Discrete devices – Insulated-gate bipolar transistors (IGBTs) 

 
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 60747-9 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 2007. This edition 
constitutes a technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) reverse-blocking IGBT and its related technical contents have been added; 
b) reverse-conducting IGBT and its related technical contents have been added; 
c) some parts of the previous edition have been amended, combined or deleted. 
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The text of this International Standard is based on the following documents: 

FDIS Report on voting 

47E/675/FDIS 47E/684/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

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

A list of all parts in the IEC 60747 series, published under the general title: Semiconductor 
devices, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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SEMICONDUCTOR DEVICES –  
 

Part 9: Discrete devices – Insulated-gate bipolar transistors (IGBTs) 
 
 
 

1 Scope 

This part of IEC 60747 specifies product specific standards for terminology, letter symbols, 
essential ratings and characteristics, verification of ratings and methods of measurement for 
insulated-gate bipolar transistors (IGBTs). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements 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 60747-1:2006, Semiconductor devices – Part 1: General  
IEC 60747-1:2006/AMD1:2010 

IEC 61340 (all parts), Electrostatics 

3 Terms and definitions 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 General terms 

3.1.1  
insulated-gate bipolar transistor 
IGBT 
transistor having a conductive channel and one PN junction in the forward direction and 
another PN junction in the reverse direction, the current flowing through the channel and the 
junction being controlled by an electric field resulting from a voltage applied between the gate 
and emitter terminals 

Note 1 to entry: With collector-emitter voltage applied, the collector side PN junction is forward biased. 

Note 2 to entry: This note applies to the French language only. 

3.1.2  
N-channel IGBT 
IGBT that has one or more N-type conduction channels 

[SOURCE: IEC 60050-521:2002, 521-04-56, modified – reworded for IGBT.] 
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3.1.3  
P-channel IGBT 
IGBT that has one or more P-type conduction channels 

[SOURCE: IEC 60050-521:2002, 521-04-57, modified – reworded for IGBT.] 

3.1.4  
collector terminal 
collector 
C 
for an N-channel (a P-channel) IGBT, the terminal to (from) which the collector current flows 
from (to) the external circuit 

3.1.5  
emitter terminal 
emitter 
E 
for an N-channel (a P-channel) IGBT, terminal from (to) which the collector current flows to 
(from) the external circuit 

3.1.6  
gate terminal 
gate 
G 
for an N-channel (a P-channel) IGBT, terminal to which a voltage is applied against the 
emitter terminal in order to control the collector current 

3.1.7  
reverse-blocking IGBT 
RB-IGBT 
IGBT which, for negative collector-emitter voltage, exhibits a reverse blocking state with a 
monolithic device structure 

Note 1 to entry: This note applies to the French language only. 

3.1.8  
reverse-conducting IGBT 
RC-IGBT 
IGBT which, for negative collector-emitter voltage, conducts large currents at voltages 
comparable in magnitude to the forward on-state voltage with monolithic device structure 

Note 1 to entry: This note applies to the French language only. 

3.2 Terms related to ratings and characteristics, voltages and currents 

3.2.1  
collector-emitter voltage 
voltage between collector and emitter 

3.2.2  
collector-emitter voltage with gate-emitter short-circuited 
VCES 
collector-emitter voltage at which the collector current has a specified low (absolute) value 
with the gate-emitter short-circuited 
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3.2.3  
collector-emitter sustaining voltage 
VCE*sus 
collector-emitter breakdown (self-clamping) voltage at relatively high values of collector 
current where the voltage is relatively insensitive to changes in collector current, for a 
specified termination between gate and emitter terminals 

Note 1 to entry: The specified termination between gate and emitter terminals is indicated in the letter symbol by 
the third subscript ‘*’; see 4.2 of IEC 60747-7:2010. 

3.2.4  
collector-emitter breakdown voltage 
V(BR)CES 
voltage between collector and emitter above which the collector current rises steeply, with 
gate to emitter short-circuited 

3.2.5  
collector-emitter saturation voltage 
VCEsat 
collector-emitter voltage under conditions of gate-emitter voltage at which the collector current 
is essentially independent of the gate-emitter voltage 

3.2.6  
gate-emitter voltage 
voltage between gate and emitter 

3.2.7  
gate-emitter threshold voltage 
VGE(th) 
gate-emitter voltage at which the collector current has a specified low (absolute) value 

3.2.8  
electrostatic discharge voltage 
voltage that can be applied to the gate terminal without destruction of the isolation layer 

3.2.9  
reverse voltage 
VR 
<reverse-blocking IGBT> value of the voltage applied to an IGBT in the reverse collector-
emitter direction 

3.2.10  
reverse-conducting voltage 
VRC 
<reverse-conducting IGBT> value of the voltage which results from the flow of current in the 
reverse collector-emitter direction 

Note 1 to entry: Where no ambiguity arises, VF or VEC may be used. 

3.2.11  
collector cut-off current 
ICE 
collector current at a specific collector-emitter voltage below the breakdown region and gate 
off-state 

3.2.12  
collector current 
IC 
direct current that is switched (controlled) by the IGBT 
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3.2.13  
tail current 
ICZ 
collector current during the tail time 

3.2.14  
gate leakage current 
gate-emitter 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 

3.2.15  
reverse current 
IR 
<reverse-blocking IGBT> value of the current flowing through the IGBT when the specified 
reverse collector-emitter voltage is applied 

3.2.16  
reverse-conducting current 
IRC 
<reverse-conducting IGBT> total conductive current flowing through the IGBT when the 
collector-emitter reverse voltage is applied 

Note 1 to entry: Where no ambiguity arises, IF or IE may be used. 

3.2.17  
reverse recovery current 
Irr 
<reverse-blocking IGBT> reverse current that occurs during the reverse recovery time 

Note 1 to entry: For the peak value of the reverse recovery current during the reverse recovery time, only the 
letter symbol Irrm may be used. 

3.2.18  
forward recovery current 
Ifr 
<reverse-conducting IGBT> forward current that occurs during the forward recovery time 

Note 1 to entry: For the peak value of the forward recovery current during the forward recovery time, only the 
letter symbol Ifrm may be used. 

3.2.19  
safe operating area 
SOA 
collector current versus collector-emitter voltage where the IGBT is able to turn-on and turn-
off without failure 

Note 1 to entry: This note applies to the French language only. 

3.2.19.1  
forward bias safe operating area 
FBSOA 
collector current versus collector-emitter voltage where the IGBT is able to turn-on and is able 
to be on-state without failure 

Note 1 to entry: This note applies to the French language only. 
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3.2.19.2  
reverse bias safe operating area 
RBSOA 
collector current versus collector-emitter voltage where the IGBT is able to turn-off without 
failure 

Note 1 to entry: RBSOA is not only for repetitive peak collector current but also for short-circuit conditions. 

Note 2 to entry: This note applies to the French language only. 

3.2.19.3  
short-circuit safe operating area 
SCSOA 
short-circuit duration and collector-emitter voltage where the IGBT is able to turn-on and turn-
off without failure 

Note 1 to entry: This note applies to the French language only. 

3.3 Terms related to ratings and characteristics 

3.3.1  
input capacitance 
Cies 
capacitance between the gate and emitter terminals with the collector terminal short-circuited 
to the emitter terminal for alternating current 

3.3.2  
output capacitance 
Coes 
capacitance between the collector and emitter terminals with the gate terminal short-circuited 
to the emitter terminal for alternating current 

3.3.3  
reverse transfer capacitance 
Cres 
capacitance between the collector and gate terminals 

3.3.4  
gate charge 
QG 
charge required to raise the gate-emitter voltage from a specified low to a specified high level 

3.3.5  
internal gate resistance 
rg 
internal equivalent series resistance between the gate and the gate terminal 

Note 1 to entry: Where no ambiguity arises, RGint may be used. 

3.3.6  
turn-on energy 
Eon 
energy dissipated inside the IGBT during the turn-on of a single collector current pulse 

Note 1 to entry: The corresponding turn-on power dissipation under periodic pulse conditions is obtained by 
multiplying Eon by the pulse frequency. 
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