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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 g 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. Documents
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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

Documents
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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 specifiedﬁigh level
ocuments
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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 limijs

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

ton
sum of the tur

ay time and the rise time

3.4.11

turn-off delay time

ta(off) 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

ts

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. Documents
Document Sharing Hub

Full document details: IEC 60747-9 2007


http://www.avadocuments.com/doc/iec-60747-9-2007
http://www.avadocuments.com/doc/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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4.3 List of letter symbols

Name and designation

Letter symbol

4.3.1 Voltages

Collector-emitter voltage Vce
Collector-emitter voltage, gate-emitter short-circuited Vces
Collector-emitter sustaining voltage VcE*sus
Collector-emitter breakdown voltage, gate-emitter short-circuited V(BR)CES
Collector-emitter saturation voltage VcEsat
Gate-emitter voltage VGE
Gate-emitter voltage, collector-emitter short-circuited VGEs (

Gate-emitter threshold voltage

<

AN

Collector-gate voltage, gate-emitter resistance specified

LEN

>

4.3.2 Currents

AN

>

Collector current \ IQ\\ \
Peak collector current NCM )
Repetitive peak collector current / ~ ICRM\

Collector-emitter cut-off current, gate-emitter short-circyi—te\d\ ) A Ices
Tail current /\ /\\ > ( ) N 702
Gate current \ \ / Ig
Gate leakage current, collector-emitter shor/xc%cuite}\ Iges
4.3.3 Other electrical magnitudes \ (\ )

Input capacitance ( /\\ \) . > Cies
Output capacitance N ) Coes
Reverse transfer capachan Cres
Gate charge < > < < Qg
Internal gate reS|s/a\ ce \/\\/ rg
Turn-on power d S|p\a\\\ \/ Pon
Turn-on eng{gy \ \ Eon
Turn-m%{ diiiipa 'on\ Post
Turn—a"f\e{eh)x \ ) E o
Conducting state powey dissipation Pcond
Conducting state e\ne@y Econd
Total power dissipation Phot
4.3.4 Time

Tail time tz
4.3.5 Thermal magnitudes

Thermal resistance junction to heatsink Rinj-c)
Transient thermal impedance junction to heatsink Zin(j-c)

Full document details: IEC 60747-9 2007
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5 Essential ratings and characteristics

5.1 Ratings (limiting values)

Ratings shall be valid for the whole range of operating conditions as stated for the particular
device, with reference to a curve where appropriate.

5.1.1 Ambient or case or virtual junction operating temperature (T, or T or Ty;)

Maximum and minimum values.

5.1.2 Storage temperature (Tstg)

Maximum and minimum values.

5.1.3 Collector-emitter voltage with gate-emitter short-circuite

Maximum value.

NOTE This rating should not be less than V(grces. (See 5.2.1.)

514 Gate-emitter voltages with collector emi 5

Maximum positive and negative values

5.1.5 Continuous collector current

Maximum value.

5.1.6 Repetitive peak sollecfor curren

Maximum value for reg

51.7 Non-rep

Diagram showing the maximum rated collector current /. after turn-on, which may not be
exceeded, even under best cooling conditions, as a function of the collector-emitter voltage
Vce before and during turn-on for direct current and various pulse durations at 25 °C case
temperature.

5.1.10 Maximum reverse biased safe operating area (RBSOA)

Diagram showing the area of collector current Ic and collector-emitter voltage Vcg which the
IGBTs will sustain simultaneously for a short period of time during turn-off without failure
under the specified conditions.

5.1.11 Maximum short circuit safe operating area (SCSOA)

SCSOA is given by a pair of values of short-circuit duration f,5c and collector-emitter voltage

Vce which 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. Documents
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5.1.12 Maximum terminal current (/irms) (Where appropriate)

Maximum r.m.s. value of the current through the main terminal.

5.1.13 Mounting force (F)

Maximum and minimum values, where appropriate.

5.1.14 Mounting torque (M)

Maximum and minimum values, where appropriate.

5.2 Characteristics

Characteristics shall be given at ij = 25 °C except where otherwise stated( and atone other
specified temperature.

5.2.1 Collector-emitter breakdown voltage (V(gr)ces)

5.2.3 Collector-emitter saturation

Maximum value at specified gate voltag

5.2.4 Gate-emitter thre

Minimum and maximu

5.2.5 Collect@ i

Maximum value @&
between gate

5.2.6 (Iges)
Maximum axXimum rated gate-emitter voltage.
5.2.7 Capacitancés

Typical values of the following, at specified collector-emitter voltage and test frequency.

5.2.71 Input capacitance (Cjes)

Typical input capacitance as small-signal value, in common-emitter configuration, under
specified bias conditions and at a specified frequency, with the output short-circuited to a.c.

5.2.7.2 Output capacitance (Cyes)

Typical output capacitance as small-signal value, in common-emitter configuration, under
specified bias conditions and at a specified frequency, with the input short-circuited to a.c.
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5.2.7.3 Reverse transfer capacitance (Cycs)

Typical reverse transfer capacitance as small-signal value, in common-emitter configuration,
under specified bias conditions and at a specified frequency.

5.2.8 Gate charge (Qg)

Typical value at specified values of gate-emitter voltage, collector-emitter voltage before turn-
on and collector current after turn-on.

5.2.9 Internal gate resistance (rg)

Maximum and/or typical value with collector short circuited to emitter in t the specified
values of gate -emitter voltage, collector -emitter voltage and frequency

5.2.10 Turn-on energy (Eon)
Maximum value per pulse under the following specified conditia

e collector-emitter voltage before turn-on;
e collector current after turn-on;

e |oad conditions;

e gate-emitter voltage;
e resistance in the gate-emitter circu

e case or ambient temperature or virtuat perature.

5.2.11 Turn-off energy
Maximum value per pufse under the i fied conditions:
e collector cur@>
e collector-emit

e |oad conditions;

5.2.12.1 Turn-on delay time (f4(on)) and rise time ()
Maximum values under the following specified conditions:
e collector-emitter voltage before turn-on;

e collector current after turn-on,

e load conditions;

e gate-emitter voltage;
e resistance in the gate-emitter circuit.

5.2.12.2 Turn-off delay time (fq(off)), fall time (¢;) and tail time (¢;)

Maximum values with a free-wheeling diode connected under the following specified

conditions: Documents
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e collector-emitter voltage after turn-off;
e collector current before turn-off;

e load conditions;

e gate-emitter voltage;

e resistance in the gate-emitter circuit.

5.2.13 Thermal resistance junction to case (Rt(j.c))

Maximum value for case-rated IGBTSs.

5.2.14 Thermal resistance junction to ambient (R¢j(j.a))

Maximum value for ambient-rated IGBTs.

5.2.15 Transient thermal impedance junction to case (Ziy;

For case-rated IGBTs, diagram showing the maximum val
step change in power dissipation, or analytical elements.

e etapsed after a

after a step change in power dissipatit

6 Measuring methods

6.1 General
The polarities shown in tb sircuits ate applicatile to N channel devices. The circuits can be

adapted for P chafiqel s e polarities of the meters, generators and power
supplies. The @ C 61340 and the measuring method procedures
given in 60747-1 app

After the following e IGBT characteristics specified in Table 1.

e 1 — Acceptance-defining characteristics

\/Characteristics Acceptance criteria
lces lces < USL
lges lges < USL
VeE(sat) Vice(say < USL
Vee(n) Vee@n < USL or > LSL
NOTE USL: upper specification limit
LSL: lower specification limit

6.2.1 Collector-emitter voltages (Vces, Vcers Vcex)
6.2.1.1 Purpose

To verify that an IGBT withstands the rated collector-emitter voltages Vces, Vcer or Vcex
under specified conditions. Documents
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6.2.1.2 Circuit diagram (see Figure 1)

d.c. method

DUT (device under test)
Figure 1 — Circuit for measuring the collecto

6.2.1.3 Circuit description

6.2.1.4 Test procedure

There are two methods,
Figure 1.

The specified c@
voltage is set to the spe

VcEes: short circuit between gate and emitter

6.2.2 Gate-emitter voltage with collector emitter short circuit (*Vggs)
6.2.2.1 Purpose

To verify that an IGBT withstands the rated gate emitter voltage *Vgg under specified
conditions.
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6.2.2.2 Circuit diagram (see Figure 2)

Is

*Vae Voe <V>

Figure 2 — Circuit for testing the gate-emijtter woltage ES

6.2.2.3 Circuit description
Vgg is the voltage supply. R is a circuit protectiop
6.2.2.4 Test procedure

The gate-emitter voltage Vgg is set to
be provided.

mall protective resistor R is to

— Gate-emitter |
- Shortcircuit@
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6.2.3.2 Circuit diagram (see Figure 3)

lc
()
A | I |
DUT [ \_/
CcC
+ E -
Vee VGe

— IEC 18

6.2.3.3 Circuit description

Vcc and Vgg are the voltage supply. R1 is a circuit prote

6.2.3.4 Test procedure

thermal equilibrium might be reached.

6.2.3.5 Specified conditions
— Ambient or case or virt i
— Collector current |/
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6.2.4.2 Circuit diagram (see Figure 4)

Ic R
]
DUT [¢ "' D
R +
— G|
" L Vee
Ve Ve E =

—

IEC 1862/07

Figure 4 — Circuit for measuring peak collector

6.2.4.3 Circuit description

Ve is the voltage supply and Vgg is the gate pulse ge
resistor.

circuit protection

6.2.4.4 Test procedure

The temperature (T, or T or Tyj) g
specified values. The supply voltage (

6.2.4.5 Specified conditions

— Ambient or case or virtwal junction tmpre

— Collector current Ic
— Gate emitter voltag

6.2.5 MaximLQe

6.2.5.1 Purp

To verify tha reliably without failure in RBSOA.
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6.2.5.2 Circuit diagram and waveforms (see Figure 5 and Figure 6)

Ls
— Y YY)
—o Ve

:3(’:0 SZ D

S G '/
Ry B +

R4 E
_ Ve VCE(clamp)

Va2 y
GG1

— IEC 1863/07

Figure 5 — Test circuit of reverse safe opérating.are BSQA)

VGE1

IEC 1864/07

VCE(clamp)

t
IEC 1865/07

Figure 6 — Waveforms of gate-emitter voltage Vgg and collector current Ic
during turn-off

6.2.5.3 Circuit description and requirements

The value of load inductance L shall be high enough to maintain the specified Ic and
VcE(clamp) to the DUT for least the whole duration of the fall and tail time. V¢ is a low voltage
to supply the on-state collector current Ic. Vcg(clamp) must be capable of carrying a reverse
current equal to Ic, while maintaining the specified voltage. Alternatively, a single voltage
source capable of supplying the special Ic at the specified Vog and with diode D in parallel
with inductor L may be used. R, and R, are circuit protection resistors. Lg is an inductor
representing the maximum permitted unclamped stray inductance.
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6.2.5.4 Test procedure
DUT is turned off at specified I¢.

Vce and Ic are monitored. The DUT has to turn off /c and withstand Vcg = Vcg(clamp)-

NOTE Collector-emitter peak voltage Ve < Vigryce

6.2.5.5 Specified conditions

— Collector current Ic

— Gate emitter voltage Vggq and Vggo

— Collector-emitter voltage Ve (clamp)

— Single-pulse or repetition rate

— Inductance L

— Value of unclamped stray inductance Lg

— Ambient or case or virtual junction temperature T, or T, or
— Gate resistor Rq, R»

6.2.6 Maximum short-circuit safe operating are
6.2.6.1 Purpose

a load short-circuit condition.
witch the IGBT on to an existing
ady in the on-state Vcg = VcEsat, and

Vee

IEC 1866/07

Figure 7 — Circuit for testing safe operating pulse width at load short circuit (SCSOA1)
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Ve

Vee

0 A A 4 >
t

IEC 1867/07

F'y
v VoE X 05 VG&
A\ 4

0
J tpsc

IEC 1868/07

6.2.6.2.2 Circuit description

b must be low enough to ensure that
5 % of the gate pulse width f,sc.

Lg represents the maximum permitted
maximum short-circuit currént is rea

6.2.6.2.3 Test proge
Set the collecto

state pulse. Ig, V¢
correctly.

Set the temperat@ € Apply the specified off-state gate-emitter voltage.

— Value of stray inductance Lg
— Ambient or case or virtual junction temperature T, or T or Ty;

6.2.6.3 Maximum short-circuit safe operating area 2 (SCSOA2)

6.2.6.3.1 Features of the operation

The gate voltage increases from the gate-emitter voltage Vgg by the dvgg/dt of the collector-
emitter voltage Vcg. It induces the fast increase of the collector current and high peak energy,
as shown in Figure 10.
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6.2.6.3.2 Circuit diagram and operating waveforms (see Figure 9 and Figure 10)
S
Ls R
Y'Y —
—O VC

e =00) n

p— \1018607

Figure 9 — Short-circuit safe operating area 2 (SCSQA2)

Vce <(> 6 o Vee =Vee

0 >
w < tP > t
(\ ~_
Q \&IX N —— 05 Vee
0 T >
\\> \— t
Vs Current of switch S
0 >
t
Switching signal
~~ of switch S
0,5 7L
0 / >
t

IEC 1870/07

Figure 10 — Waveforms during SCSOA2

6.2.6.3.3 Circuit description

Lg is an inductor representing the maximum permitted unclamped stray inductance. Switch S
in the circuit should have much lower impedance compared to the device under D%é?éfﬁﬁents

The type name or characteristics of switch S should be specified.
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6.2.6.3.4 Test procedure

Set the temperature to the specified value. Apply the specified off-state gate-emitter voltage.
Set the collector-emitter voltage to the specified value. Apply the specified gate-emitter on-
state pulse. The current capability of switch S should be substantially larger than the
expected short-circuit current of the DUT. Ic, Vcg, Vge and the switching signal of the switch
S are monitored in order to see whether the IGBT turns on and off correctly.

6.2.6.3.5 Specified conditions

— Collector current prior to short circuit Ig (= Vcc / Ry)

— Collector-emitter voltage Vcg = Vi

— On and off-state gate-emitter voltage Vg

— Gate pulse width fps¢

— Gate resistors Ry R3

— Value of unclamped stray inductance Lg

— Type name or characteristics of switch S, if restrictive
— Ambient or case or virtual junction temperature T, or T¢

6.3 Methods of measurement

6.3.1 Collector-emitter sustaining

6.3.1.1 Purpose

6.3.1.2 Circuit diagram

= IEC 1871/07

Figure 11 — Circuit for measuring the collector-emitter sustaining voltage Vgg+sus

6.3.1.3 Circuit description and requirements

The IGBT is operated in a saturated condition under pulse operation.

Due to the inductance L, switching off the gate voltage causes the IGBT to be swept through
a current-voltage cycle.

The voltage source Vigq is adjustable; it enables the collector current to be
specified value. B%é(uments
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A voltage clamping unit, indicated in Figure 11 as a variable voltage source Vgco in series
with a diode, limits the voltage Vcg. Voo is set to the expected value of Vog#gys.

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

Lnin = (Vcc2 = Veet) * tof / 0,1 Ic
This ensures that Ig does not drop by more than 10 % during ¢

6.3.1.4 Test procedure

The clamping unit is adjusted to operate at the specified minimum value Vgg*sys. With voltage
Ve set at zero, Vgg is adjusted so that the specified current /¢ can be\reached with a Vg
value in the saturated condition (point A in Figure 12).

Ic o

lo

Specified Ic

¢
7\
A With clamping
Q / Without clamping
/

7

Specified minimum Vgergys

IEC 1872/07

iguré 12 — Operating locus of the collector current

6.3.1.5 Precautions to be observed

In a preliminary test, the action of the clamping unit should be verified by decreasing its
adjustable voltage V5; then the clamping unit should be adjusted to the desired value of Vg
that corresponds to the specified current /¢ (point B of Figure 12).

6.3.1.6 Requirements

— The IGBT is satisfactory when the trace moving from point B to point C does not pass to
the left of the line BC.

— When the clamping unit is not used, the IGBT is satisfactory if the trace effectively turns
around point B, as shown in Figure 12.

6.3.1.7 Specified conditions
— Case or ambient or virtual junction temperature T¢ or T, or Ty;

— Collector current I¢ Documents
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— Minimum sustaining voltage Vcersus: VCESsus

— Value of load inductance L, where appropriate

— Value of unclamped stray inductance Lg

— Frequency of the gate voltage pulse generator Vg, if different from 50 Hz
— Gate resistor R¢, R, if available

— Gate voltage Vgg1 and Vgg2 (shall be specified)

6.3.2 Collector-emitter saturation voltage (VcEgsat)

6.3.2.1 Purpose

To measure the collector-emitter saturation voltage of an IGBT under spe&g¢ opnditions.

6.3.2.2 Circuit diagram (see Figure 13)
C

DUT —oO0 Ve ! \\>
+
G ol

+ Vee 77(

E

e %

IEC 1873/07

g the collector-emitter saturation voltage Vggsat

No significant heat dissipation shall occur in the IGBT during the measurement.

6.3.2.5 Measurement procedure

The temperature is set to the specified value, adapted to the specified values in the gate-
emitter voltage and the collector current. The collector-emitter saturation voltage Vcg = VcEsat
is measured.

6.3.2.6 Specified conditions

— Ambient or case or virtual junction temperature Ty,
— Gate-emitter voltage Vg

— Collector current I
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6.3.3 Gate-emitter threshold voltage (Vgg(th))
6.3.3.1 Purpose

To measure the gate-emitter threshold voltage of an IGBT under specified conditions.

6.3.3.2 Circuit diagram (see Figure 14)

Figure 14 — Basic circuit for measuring th : hold voltage

6.3.3.3 Circuit description

Vcc and Vgg are the voltage supply.

6.3.3.4 Measurement procedure

The device temperature e dltage are set to the specified value. The
gate-emitter voltage is in < f gecified collector current I¢ is reached. The

gate-emitter voltai a
6.3.3.5 Specifiéed

— Collector &

6.3.4
6.3.4.1 Purpose

To measure the collector cut-off current of an IGBT under specified conditions.
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6.3.4.2 Circuit diagram (see Figure 15)

Icex Icer Ices DUT

= L/\ vee <V> Vec Veg

Vee CV) Voo Ry E )

: @RN
o H

d.c. method as, me w

IEC 1875/07

Figure 15 — Circuit for measuring the collgct t>off current

6.3.4.3 Circuit description

Vce and Vgg are the voltage supply. R4 is a circ

6.3.4.4 Measurement procedure

current probe.

6.3.4.5 Specifi
- Vgcina.c.m

— Ambient or casg qr viua H emperature T, or Tg or Ty,

50 Hz or 60 Hz unless otherwise specified

6.3.5 Gate leakage current (Iggs)
6.3.5.1 Purpose

To measure the gate-emitter leakage current of an IGBT with the collector emitter short
circuited.
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6.3.5.2 Circuit diagram (see Figure 16)

Figure 16 — Circuit for measuring the ga

6.3.5.3 Circuit description

Vgg is the voltage supply.

6.3.5.4 Measurement procedure

Collector and emitter terminals are shorted. The_ga itter voltage is set to the specified

6.3.5.5 Specified
— Ambient or case o \ srature T, or Tg or Ty

- Gate-emitter

6.3.6 Input capa
6.3.6.1 P

To measure , acitance of an IGBT under specified conditions.
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6.3.6.2 Circuit diagram (see Figure 17)

Ly

cM™ || G (]
11 NG +
Ly E Vee <V> Vee

——c,

Vee Vee

18777

6.3.6.3

CM is a capacitance meter. V¢ and Vgg are ad Capacitances Cq and
C, should present short circuit at the y, inductance L4 and L, are to
decouple the measurement signal fror th the following conditions

e IGBT. The IGBT is inserted into the test
ified value. The gate-emitter voltage Vgg and the
specified values. Capacitance Cjgg can be read

socket. The temp€rat
collector-emitter agé

on CM.

6.3.7 Output capacitance (Cyes)
6.3.7.1 Purpose

To measure the output capacitance of an IGBT under specified conditions.
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6.3.7.2 Circuit diagram (see Figure 18)

DUT
R L1 G I

M O L2

CM

6.3.7.3

6.3.7.4 Measurement

€ IGBT. The IGBT is inserted into the test
ified value. The gate-emitter voltage Vgg and the
specified values respectively. Capacitance Cgeg

CM is set to the speg

socket. The tempé€rature
collector-emitter agé

can be read on C

6.3.8 Reverse transfer capacitance (C,es)

6.3.8.1 Purpose

To measure the reverse transfer capacitance of an IGBT under specified conditions.
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6.3.8.2 Circuit diagram (see Figure 19)

Y'Y

C
_| l_
DUT N
= e o(F
- E
Cq —L
{ -

=

6.3.8.3 Circuit description and requirement

6.3.8.4 Measurement procedure

CM is set to the specifies
socket. The temperature

— Ambient or cag€\0 § emperature T, or T or Ty

6.3.9
6.3.9.1 Purpose

To measure gate charge of an IGBT under specified conditions.
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6.3.9.2 Circuit diagram and waveforms (see Figure 20 and Figure 21)

R

1
_3 o 1 I

L oV
DUT c o’¢
+
G [ Vee
/e T +
e !

lea

IEC \1880/87

Figure 20 — Circuit for measuring the gate charge

0 oy A NN \

|-

»

to t t

IEC 1881/07

Figure 21 — Basic gate charge waveform

6.3.9.3 Circuit description

Vcc is the voltage supply. Ry is a circuit protection resistor.
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