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This redline version o € officia andard allows the user to idenfify the chan

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 15: Discrete devices — Isolated power semiconductor devices

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationncomp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
c
n

addition to other activities, IEC publishes International Standards, Technical Specifications, I'echnical Re

P

pfeparation is entrusted to technical committees; any IEC National Committee interested\in the subject deal
mlay participate in this preparatory work. International, governmental and non-governmental organizations liz
wjth the IEC also participate in this preparation. IEC collaborates closely with the \nternational Organizatiq
Standardization (ISO) in accordance with conditions determined by agreementcbetween the two organizatig
T

c

n

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,comimittee has representation fro|
terested IEC National Committees.

IBC Publications have the form of recommendations for international use and are accepted by IEC Na
Cpmmittees in that sense. While all reasonable efforts are mate 'to ensure that the technical content o
Publications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
miisinterpretation by any end user.

Il order to promote international uniformity, IEC National Committees undertake to apply IEC Publicd
trensparently to the maximum extent possible in their national and regional publications. Any divergence bet
any IEC Publication and the corresponding national pr,regional publication shall be clearly indicated in the |

IgC itself does not provide any attestation of céenformity. Independent certification bodies provide confd
Esessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fo
ervices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.

a

s

Al

Np liability shall attach to IEC or its directors, employees, servants or agents including individual expert
members of its technical committees and IEC National Committees for any personal injury, property dama
other damage of any nature ,whatsSoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the'\publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Al

tention is drawn to the\Normative references cited in this publication. Use of the referenced publicatid
indispensable for the correct application of this publication.

IHC draws attentien to the possibility that the implementation of this document may involve the use

patent(s). IECtakes no position concerning the evidence, validity or applicability of any claimed patent rig
rgspect thereof, As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not repr
tHe latestinformation, which may be obtained from the patent database available at https://patents.iec.ch|
shall/net’be held responsible for identifying any or all such patent rights.

ising
ional

-operation on all questions concerning standardization in the electrical and electronic fieldsy To this eng and

orts,

Ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC{PRublication(s)"). [Their

with

ising
n for
ns.

ional
m all

ional
f IEC
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ween
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made to the previous edition IEC 60747-15:2010. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60747-15 has been prepared by subcommittee 47E: Discrete semiconductor devices, of
IEC technical committee 47: Semiconductor devices. It is an International Standard.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

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

a) The intelligent power semiconductor modules (IPM), which was previously excluded from
the first and second edition is now included in this document (Annex C):

b) The thermal resistance is described for each switch (6.2.4);
c) Added isolation test between temperature sensor and terminals, in case there i§ an
ggreement with the user (6.1.2).

The|text of this International Standard is based on the following documents;

Draft Report on voting
47E/832/FDIS 47E/844/RVD

Full information on the voting for its approval can be found in/he report on voting indicatgd in
the @bove table.

Thel|language used for the development of this International Standard is English.

This| document was drafted in accordance withJSO/IEC Directives, Part 2, and developgd in
accgrdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. «Fhe main document types developed by IEC| are
desgribed in greater detail at www.iec.ch/publications.

This| International Standard is te, be used in conjunction with IEC 60747-1:2006 |and
Amgndment 1: 2010.

A ligt of all parts in the IEC)60747 series, published under the general title Semicondyctor
devites, can be found on the IEC website.

The|committee has(decided that the contents of this document will remain unchanged untif the
stabjlity date indicated on the IEC website under webstore.iec.ch in the data related tg the
speg¢ific document. At this date, the document will be

e rleconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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SEMICONDUCTOR DEVICES -
bleCRrEHEDEUCES —

Part 15: Discrete devices — Isolated power semiconductor devices

Scope

This
excl
give
of 1B

2

The
cons
For

part of IEC 60747 gives the requirements for isolated power semiconductor dey

h in other parts of IEC 60747 for the corresponding non-isolated power devices and {
C 60748 for ICs.

Normative references

following documents are referred to in the text in such a way that.some or all of their cor
titutes requirements of this document. For dated references, @nty the edition cited app
undated references, the latest edition of the referenced document (including

amejndments) applies.

IEC
IEC

IEC
Part

IEC
of g
prot

IEC
IEC

IEC
Rec

IEC

60068-2-1:2007, Environmental testing — Part 2-1<Jests — Test A: Cold
60270:2015, High-voltage test techniques — Partial discharge measurements

60664-1:20072020, Insulation coordination for equipment within low-voltage systen
1: Principles, requirements and tests

60721-3-3:49942019, Classification of environmental conditions — Part 3-3: Classifica
roups of environmental parahieters and their severities — Stationary use at weg
pcted locations

60747-1:2006, Semiconductor devices — Part 1: General
60747-1:2006/AMRI2010

60747-2:2016, Semiconductor devices — Discrete devices and integrated circuits — P3
ifier diodes

60747=6:2016, Semiconductor devices — Part 6: Thyristors

IEC

ices

its. These requirements are additional to those

arts

tent
lies.
any

ation
ther

rt 2:

olar

60747-7-2019 Semiconductor discrete devices and infngrafpd circuits — Part 7- Ri,r

transistors

IEC

60747-8:2021, Semiconductor devices — Part 8: Field-effect transistors

IEC 60747-9:2019, Semiconductor devices — Discrete devices — Part 9: Insulated-gate bipolar
transistors (IGBTs)

IEC

60748 (all parts), Semiconductor devices — Integrated circuits

IEC 60749-5:2017, Semiconductor devices — Mechanical and climatic test methods — Part 5:
Steady-state temperature humidity bias life test
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IEC 60749-6:2017, Semiconductor devices — Mechanical and climatic test methods — Part 6:
Storage at high temperature

IEC 60749-10:2003, Semiconductor devices — Mechanical and climatic test methods — Part 10:
Mechanical shock

IEC 60749-12:2017, Semiconductor devices — Mechanical and climatic test methods — Part 12:
Vibration, variable frequency

IEC 60749-15:2020, Semiconductor devices — Mechanical and climatic test methods — Part 15:
Resfstance tosofdering temperature for through-tofe mournted devices

IEC160749-21:2011, Semiconductor devices — Mechanical and climatic test methods\~Part 21:
Solderability

IEC160749-25:2003, Semiconductor devices — Mechanical and climatic testamethods — Parf 25:
Temperature cycling

IEC160749-34:2010, Semiconductor devices — Mechanical and climatic test methods — Part 34:
Powger cycling

3 [Terms and definitions
For fhe purposes of this document, the following termis)and definitions apply.

ISOland IEC maintain terminology databases. for use in standardization at the following
addfesses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: avaifable at https://www.iso.org/obp

3.1
isoI[ted power semiconductor; device

semjconductor power devicé that contains an integral electrical insulator between the cogling

surface or base plate and-any isolated circuit elements

3.2
consgtituent parts of the isolated power semiconductor device

3.2.
swifich
any |singlescomponent that performs a switching function in an electrical circuit, e.g. dipde,
thyristor, - MOSFET, etc.

Note 1 to entry: A switch might be a parallel or series connection of several chips with a single functionality.

3.2.2
base plate
part of the package having a cooling surface that transfers the heat from inside to outside

3.2.3
main terminal
terminal having a high potential of the power circuit and carrying the main current

Note 1 to entry: The main terminal can comprise more than one physical connector.


https://www.electropedia.org/
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3.24

control terminal
terminal having a low current capability for the purpose of control function, to which the external
control signals are applied or from which sensing parameters are taken

3.24.1

high voltage control terminal
terminal electrically connected to an isolated circuit element, but carrying only low current for
control function

f the

Note 1 _to entry: Examples include current shunts and collector sense terminals having the high potential
main|terminals.

3.2.4.2

low |voltage control terminal

ternfinal having a control function and isolated from the high voltage control terminals

Note
etc.

3.2.

insylation layer
inteirated part of the device case that insulates any part having high potential from the co

surf

3.3
pea

peak current, which will not lead to a rupture of.the package, ejecting plasma and mag

part

3.4

thermal interface material
heaf conducting material between base<plate and external heat sink

1 to entry: Examples include the terminals of isolated temperature sensors and isolated gate driver in

D

ce or external heat sink and any isolated circuit element

K case non-rupture current

cles under specified conditions

puts,

bling

sive

4 |Letter symbols

4.1 | General

Gengral letter symbols)are defined in Clause 4 of IEC 60747-1:2006.
4.2 | Additionalsubscripts/symbols

p parasitic

t terminal

isol | “isolation

m-—=mount

4.3 List of letter symbols

4.3.1 Voltages and currents

Terminal current Iirms
Isolation voltage Visol
Partial discharge inception voltage Vi
Partial discharge extinction voltage Ve

Isolation leakage current 1
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eal; caseho Iuptule S Ie“t (lGI diede & d t yI.Stel deviGES) ‘RSMG
Peak-ecase-non-rupture-currentHorGBTand-MOSEFEFdevices)——lyr

4.3.2 Mechanical symbols

Mounting torque for screws to heat sink M
Mounting torque for terminal screws M,
Mounting force F
Maxisum-Acceleration in all 3 axis (X, vy z) a
Masp m
Flatpess of the case (base plate) eq
Flathess of the-cooling heat sink surface (heatsink) eg
Roughness of the case (base plate) Rz
Rouphness of the-ceeling heat sink surface-theatsink) R

Thig

4.3.

e

Par{

Pard

Lead resistance between terminal x and-related-switch internal device connection x'

Tern

Nuni

5

5.1

Isols
devi
spe(

kness of thermal interface material (case — heat sink) d(_)

B Other symbols

H I ] 1 H = 265€C
%*WFHFH—WG L=

sitic inductance, effective between terminals ahd Chips-(to-be-specified)

sitic capacitance between terminals and céoling surface (case, base plate, ground)

hinal temperature

ber of power load cycles until failure of a percentage p of a population of devices

Essential ratings (limiting values) and characteristics

General

ted power semiconductor devices should be specified as case rated or heat sink r|
ces. The rafings and characteristics should be quoted at a temperature of 25 °C or and

5.2

Nf;p

ated
ther

ified elevated temperature. Requirements for multiple devices having a common
encapsulation’are described in 5.12 of IEC 60747-1:2006.

Ratings (limiting values)

5.21 Isolation voltage or isolation test voltage (V;

isol)

Maximum RMS or DC value between main terminals and high voltage control terminals at one
side and low voltage control terminals (where appropriate) and base plate at the other side for

asp

ecified time.

5.2.2 Peak case non-rupture current-{{ggc-0F/cnr) (Where appropriate)

Maximum value for each main terminal that does not cause the bursting of the case or emission

of pl

asma and particles.
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5.2.3 Terminal current (I;gys) (Where appropriate)

Maximum RMS value of the current through the main terminal under specified conditions at
minimum mounting torque A; and maximum allowed terminal temperature (Timax = Tstg OF Timax

< vjmax)'

5-2.4— Total power-dissipation (P}
Ma*im&m%ae—pe%%h—aﬂe;—%l%eﬂs;—%i@fwhenlﬂ;iﬂm*%ma&

Temperatures

A Solder temperature (75,,4) (Where appropriate)

.2 Storage temperature (Tstg)

um and maximum storage temperature.

5.2. Mechanical ratings

5.2.5.1 Mounting torque for screws to heat sink-(1/)

Minimum and maximum mounting torque that shall be applied to the fixing screws to the
sink

5.2.9.2 Mounting torque for screws _to‘terminals (M)
Minimum and maximum mounting torque that shall be applied to screwed terminals.

5.2.5.3 Mounting force (F)

Miannum and maximum mounting force for pressure mounted devices, fixed by clips, that
be applied to the isolated pressure contact device.

5.2.5.4 Terminalpull-out force (Fy)

Maxjmum force.

5.2.5.5 Acceleration (a)

sing

heat

shall

MaxmmomT vatue atong eactraxis (X, v, Z)-

5.2.5.6 Flatness of the heat sink surface (¢;) (where appropriate)

Maximum deviation from flatness for the heat sink surface over the whole mounting area.

5.2.5.7 Roughness of the heat sink surface (R,;) (where appropriate)

Maximum roughness of the heat sink surface over the whole mounting area.
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5.2.6 Climatic ratings (where appropriate)

Limi

ting values of environmental parameters for the final application as follows:

ambient temperature;
humidity;
speed and pressure of air;

rradiation by sun and other heat sources;

mechanical active substances;

fremicatty active subsStances;

— lhiological issues,

shal

5.3
5.3.

5.3.

Mini

| be described in classes as specified in IEC 60721-3-3:49942019, Table 1.

Characteristics
Mechanical characteristics

A Creepage distance along surface (d;)

mum value of distance along surface of the insulating/material of the device betw

terminals of different potential and to base plate.

NOT
NOT
than

cons
surfa

5.3.

Mini
devi

NOT
clear

5.3.

F 1 |IEC 60112:2020 (details to comparative tracking index *€T]") and IEC 60664-1:20042020, 5.2 apply,

F 2 Air gaps between plastic surface and grounded metal or between terminals of opposite polarity sn
1,0 mm (for pollution degree 2), or 1,5 mm (pollution~degree 3) shorten the countable creepage dis
derably (details see 60664-1:20072020, examples). This is essential, if dust, moisture or dirt starts to cov4
Ce and increases the leakage current over surface,(which might start burning the plastic encapsulation maf

.2 Clearance distance in air (dy)

mum value of distance through.air between terminals of different potential of the isol
ce and to base plate.

F For details, see IEC 60664:1:20072020, 4.6 and 5.1 which show typical examples of various shap
hnce distances.

.3 Mass (m)(of'the device

Maxjmum value_excluding accessories (mounting hardware).

5.3.

4 Flatness of the case (base plate) (¢.) (where appropriate)

Maxjmum and minimum allowed deviation from flatness for the base plate and its dire

(co

een

haller
ance
br the
erial.

ated

es of

ttion

v av _aor-conecava)
ToOTToTrY

Voo

5.3.2 Parasitic inductance (L)

Maximum or typical value between the main terminals of each main current path.

5.3.3 Parasitic capacitances (C

o)

Maximum value of parasitic capacitance between the specified main terminal(s) and the cooling
surface.
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5.3.4 Partial discharge inception voltage (V;y or Vi(RMS)) (where appropriate)

Minimum peak value Vj, or RMS value Vjrys) between the isolated terminals and the base
plate (details, see IEC 60270:2015).

5.3.5  Partial discharge extinction voltage (V) or Vo rus)) (Where appropriate)

Minimum peak value V) or RMS value V', rys) between the isolated terminals and the base
plate (for details, see IEC 60270:2015).

5.3.6.

Max|

5.3.6.2 Thermal resistance case to heat sink (Rth(c_s)) (where appropriate)

Maxjmum or typical value of thermal resistance between two specified points at the case
at tHe heat sink of the case rated device ("module"), when the-case is mounted accordir
manjufacturer's mounting instructions.

5.3.6.3 Thermal resistance case to heat sink per;switch (Ry(c.s)x)

Maxjmum or typical value of thermal resistance between the two specified points of the

and

MOS$FET (M)) of the isolated case ratedcdevices ("module"), when the case is mou
accgrding to the manufacturer's mountingiinstructions.

5.3.

Maxjmum or typical value of thermal resistance junction to a specified point at the heat sinK

swit

devige is mounted according-to the manufacturer's mounting instructions.

5.3.

Valde of thermal;resistance junction to an integrated temperature sensor when the devig
moulnted aceording to the manufacturer's mounting instructions.

equ

5.3.

5.3.[ Thermal resistances
1

Thermal resistance junction to case for case rated devices (R j.c)x)

(where appropriate)

the heat sink of the switch "X" (for example of the diode (D), thyristor (T), IGBT (

6.4 Thermal resistance junction to heat sink for heat sink rated devices (Ry, .

ch "X" (for example of the diode (D), thyristor (T), IGBT (I) or MOSFET (M)), when

6.5 Thermal-resistance junction to sensor (Rth(j_r)) (where appropriate)

mum value of thermal resistance junction to a specified reference point at(the case (lbase
plate) per switch "X" (for example of the diode (D), thyristor (T), IGBT (I) or, MOSFET (M))

and
g to

case
or
nted

~

5)x)

per
the

e is

ivalent circuit.

NOTE _The position of this thermal resistance should be shown in the thermal resistTnce

7  Transient thermal impedance (Z,)

Thermal impedance as a function of the time elapsed after a step change of power dissipation
for each thermal resistance specified in 5.3.6 and shall be specified in one of the following ways.
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6 Measurement methods

6.1 Verification of isolation voltage rating

6.1.1 Verification of isolation voltage rating between terminals and base plate (Vig,)

— Purpose
Proof of the ability of the isolated power device to withstand the rated isolation voltage.

— Circuit diagram

S
H O O O O H,
G
e an\
X/ v DUT
Base plate
—®
— E
IEC  2976/10
$ee Figure 1.
S
HO O O OH,
G
Q (v) DUT &
[
Temperature sensor gh
Base plate
—®
— E IEC
Key
DUT device under test
G voltage source with high impedance, capable to supply 7
S main switch
\Y voltmeter for V,
A ammeter or current probe for lisol
H,..H, high potential terminal

Figure 1 — Basic circuit diagram for isolation breakdown withstand
voltage test ("high pot test") with Vg,
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2 Verification of isolation voltage rating between temperature sensor and

The voltage source G is capable to supply the isolation voltage Vi, as the AC or DC voltage
with a high internal impedance to limit the possible breakthrough current in case of

breakdown of the DUT.

All main terminals and high voltage control terminals are connected together and connected
to the high potential output terminal H of the voltage source G. The base plate of the DUT,
respectively its metallized cooling surface and all low voltage terminals are connected to
ground potential E. An amperemeter or current probe A is applied to measure the isolation

leakage current.

If there is an agreement with user, perform an isolation test between the temperature sensor

and the terminals (V|5,4) (See 6.1.2).

Test procedure

bwitch S is closed and the voltage is slowly raised to the specified value and maintaing
hat value for the specified time. The current measured on ammeter A shall notexceed
pecified value. The voltage is then reduced to zero.

BN+ _cn

Lo

bpecified conditions

$pecified in IEC 60664-1:20072020.
4 Ambient or case temperature

q4 V.

isol

4 ;o @s maximum test limit

4 Testtime ¢, if less than 60 s.

terminals (Vi50|1)

Furpose

in case the temperature sensor is connected to the base plate potential.
Circuit diagram

$ee Figure 2.

HO O O OH

5« <V> L 010

|
\,; [

Temperature sensor [_& :
—

K\O

BdsE plate

A

4N
B
— E

IEC

Figure 2 — Basic circuit diagram for isolation voltage test
between temperature sensor and terminals (Vigo 1)

Circuit description and requirements, test procedure and specified conditions

Similar as described in 6.1.1, but optionally a lower test voltage V5,4 may be specified
applied.

d at
the

To verify that the isolation voltage betwe€en the temperature sensor and the other terminals

and
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Partial discharge inception and extinction voltages (1) (V,)

Between high potential terminals and base plate (where appropriate). See IEC 60270:2015 and
IEC 60664-1:20072020.

6.2.2 Parasitic inductance (L

Purpose

o)

[0 measure the parasitic inductance between two main terminals.

;
(
]

Circuit diagram
bee Figure 3.
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+
A
G
VCE
== C
Ly
_— 5
= IEC
Key
DUT device under.test T +T,, for example IGBT (Single or Dual — shown — or branch of a three
arrangement)) fast diode or MOSFET device
C main capaeitor bank as reservoir
L load)inductance, at least 100 times the parasitic inductance
Lp1...Lpn portions of parasitic inductance Lp
Iyt current probe
G VU:tdyC SUUTULT tU \,:u:\lyc t:lc \,apa\,itul
T, DUT, top switch (shown as IGBT in Figure 3)
T, DUT, bottom switch (shown as IGBT in Figure 3), optional
T, auxiliary IGBT switch

Figure 3 — Circuit diagram for measurement of parasitic inductances (L

hase
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VCE

Vstep

@
-

1)

dlDUT/dl

ipuT

IEC

Figure 4 — Wave forms

Circuit description and requirements

[he circuit of Figure 3 consists of a DC supply G for thelgharge reservoir C; T is an auxi
witch, a gate drive unit for T, the DUT inserted.into the test set-up with the gate co

erminals "C4" and "E,", a current probe, which  senses the current iy through the d

ath of the DUT, connected to the dual channel oscilloscope. This measuring method
educed voltage V¢ and the di/ds of diodes incorporated in the device at switch-off, sen

he voltage at outside main terminals.iThis is usable for single switch devices as well a
alf bridge circuit devices (DUAL modules).

leasurement procedure
'he waveforms observed by this measurement shown in Figure 4.

\ pulsed current methodis used. Auxiliary transistor T, switches the load current to
hductor L, on and_off. ‘When T is off, the current freewheels via the diodes of the [

near rate dip w/dz. During this time (¢4 —1,), the voltage across the DUT forms at ste
(step CAUSEA DY the internal parasitic inductance at current decline (dipy/dz). The valy
he parasitic inductance of the main current path can be calculated from

erminals shorted, a dual channel oscilloscope, which senses the voltage vog between vrain

liary
ntrol

ode
ises
sing
5 for

the
UT.

Vhen T5; switcheS 'on again, it causes the current through the diodes to fall at an almost

p of
e of

(1)

Ly = Vstep ! |(dipyt/de)|

NoFE—Use low inductance (sheeted) bus baring and low inductance current probe.

6.2.3 Parasitic capacitance terminal to case (Cp)

— Purpose

To measure the parasitic capacitance Cp between specified main terminal(s) and the case

(

base plate)

— Circuit diagram

See Figure 5.
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Key

4 Thermal characteristics

4.1 General description of measuring methods

DUT

IIre

<
()J

CM 1 Base plate
w7 L

- IEC

parasitic capacitance
high potential terminal

capacitance meter

Figure 5 — Circuit diagram for measurement of parasitic.capacitance (Cp)

leasurement procedure

lount the device to a grounded heat sink according to the manufacturer's mour
instructions. Connect the current source connector<44" of the capacitance meter CM tg
pecified terminal and connector "l," to ground (base plate) of the DUT. Connect the vol

N
N
i
gensing connector of the capacitance meter to test points "V," and "V," to ground. C
get to the specified frequency. The capacitance Cp can be read on CM. For the measurer
¢f the total coupling capacitance Cp connéct all main terminals to each other and prog
with the measurement as described above.

$pecified conditions

4 Measurement frequency f ef.the CM.

FPurpose
To measure thermal characteristics between the switch and the cooling system.
Reference{paints for temperature measurement and description

$ame methods should be used as for the corresponding non-isolated device. The
nesistance and impedance are measured in the same way as described in the docum
f

ting
the
tage
M is
nent
eed

rmal
ents
tors

pr'’ .diodes |EC 60747-2:2016, thyristors |IEC 60747-6:2016, bipolar transis
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. \ j Isolation layer
| L 1 1 | / Base plate

7-sX

Thermal interface material

Specified distance

External heat sink

Isolation layer
Base plate

SO v
L — Specified distance

2

//% External heat sink

I—l 1
'{fZThermaﬂ interface material

IEC 2980,

IEC

Key

ijx junction temperature of chip X

Tox case temperature under chip X

T, heat sink temperature under chip X

sX

Figure 6 — Cross-section of an isolated power device
with reference points for temperature measurement of 7. and T

— Measurement procedure
Cross-sectional view of an isolated power device is shown in Figure 6.
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6.2

F.T.x is measured by a temperature measuring instrument from underneath through a small

hole through the heat sink and any thermal interface material underneath the switch X(chip).
+.T.x is taken from above at hottest accessible point, nearest to the switch X(chip) or from

underneath through a specified sack hole ending at 2 (+1) mm below the heat sink surface
(to be specified, type test feature). 7,7y is determined using indirect methods like described

in the individual documents.

NoTe—The thermal resistance Rip(j-s) and Ry, ) depends on several mechanical

parameters such as type and thickness of the used thermal interface material (should be
specified in manufacturer's mounting instructions, for example 30 to 50gocm), the maximum

eviation of flatness of the cooling surface of the device's base plate and of the heat

sink

gnd the mounting torque of the fixing screws, as per specified mounting instructions.

4.2 Thermal resistance junction to case per switch (X) Ry jc)x
Ring-oy=F~THP 2)

Rin-cyx = (Tyjxs Tex)/Px

whefe

X is the D (Diode), T(Thyristor), {NtGBT), M (MOSFET), B(BJT);

T\jx| is the virtual junction temperature of the switch X;

Tex is the temperature of the/tase (base plate) under the switch X(chip);
Py is the applied power dissipation at the each switch D,T,I,M,B.

Secpnd index might(be needed to distinguish multiple devices in one product (e.g., Inv
IGBTs and Brake IGBTSs).

6.2

4.3 Thermal resistance case to heat sink per switch (X) Ry, (c.s)x OF per device

Rth(c-s)

briter

Rm(» e)(y)f_—(‘r.;’—rg#px
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where

X is the D (Diode), T(Thyristor), | (IGBT), M (MOSFET), B(BJT);

Tex is the temperature taken at the specified point of the case (as above) under the chip;
Tsx is the temperature of the heat sink, taken at the reference point for testing 7 specified;

Py is the applied power dissipation at the each switch D,T,I,M,B;

P is the whole applied power dissipation of the device.

Second index might be needed to distinguish multiple devices in one product (e.g., Inverter

IGB a—aond Dol LOCDT N\
S oo DTORCTOoOD T 5

$pecified conditions
4 Mounting according manufacturer's instructions
4 Thermal conductivity of the thermal interface material

4 Reference points for thermal measurement

NOTIE See Annex B for measuring method of the thickness of thermal interface materiah

6.2.4.4 Thermal resistance junction to heat sink per switch (X) Ry _)x (for heat sjnk
rated devices)

Riney =T~ Ton)tP “

Rin-s)x = (Tyjx — Tsx)/Px (4)
whefe
X is the D (Dfode), T(Thyristor), | (IGBT), M (MOSFET), B(BJT);
Tyix is the virtbial junction temperature of the switch X;
Tox is the)temperature of the heat sink, taken at the reference point for testing 7 specified,
Py is the applied power dissipation at the each switch D,T,I,M,B.

Second index might be needed to distinguish multiple devices in one product (e.g. Inverter
IGBTs and Brake IGBTSs).

— Specified conditions
¢ Mounting according manufacturer's instructions
e Thermal conductivity of the thermal interface material

e Reference points for thermal measurement

6.2.4.5 Transient thermal impedance Zy,

— Measurement circuit and procedure

These are based on 6.2.4.2 t0 6.2.4.4. Individual documents of the non-insulated devices apply.
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Zypgy-oy =0} —T (O~ Fo(OHP ()
Zingo-sy— et ~—TAOHHF () ~—TF(HHP (8)
Zing-oy = H O} —TFAOH—F i —FHHP 7
Zin(j-c)x = (ITyjx(0) = Tox(0)] = | Tyjx(2) = Tox()]) / Px (5)
Zin(c-s)x = (ITex(0) = Tox(0)] = |Tex(2) — Tsx(0)l) 1 Py (6)
Zin(-s)x = (ITyjx(0) = Tsx(0)] = |Tyjx(2) = Tsx(0)]) / P (7)
— $pecified conditions
4 Mounting according manufacturer's instructions
4 Thermal conductivity of the thermal interface material
4 Reference points for thermal measurement.
7 Acceptance and reliability
7.1 | General requirements
In adidition to the following subclauses, the requirements applicable to the non-isolated deVices
as gjiven in the other relevant parts ofAEC 60747 apply.
7.2 | List of endurance tests
See|Table 1.
Table 1 — Endurance tests
Subclause Environmental testing — designation Short form | Normative refer¢nce
7.2.1 High temperature reverse bias or high temperature blocking HTRB IEC 60749-5
7.2.2 High humidity and high temperature reverse bias or high H3TRB IEC 60749-5
humidity and high temperature blocking
17275 Power bybiilly \iuau') bapa'uiiily HEC60749-3%4
7.2.4 High temperature storage HTS IEC 60749-6
7.2.5 Low temperature storage LTS IEC 60068-2-4841
7.2.6 Thermal cycling TC IEC 60749-25
7.2.7 Resistance to solder heat IEC 60749-15
7.2.8 Solderability IEC 60749-21
7.2.9 Mechanical shock IEC 60749-10
7.2.10 Vibration (variable frequency) IEC 60749-12
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7.3 Acceptance defining criteria

See Table 2.

Table 2 — Acceptance defining characteristics for endurance and reliability tests

Acceptance defining characteristic Acceptance criteria Measurement conditions
ligol < USL Specified 7,
Ry, < USL Mounting instructions
USLfupper specrication Timit.

7.4 | Type tests and routine tests

7.4. Type tests

usi

whep deciding which tests are mandatory.

ele
be

the
del

The|minimum type tests to be carried out are as.follows.

Typj tests are carried out on new products on a sample Hasis, in order to determing| the

The|experience which has been obtained with other isolated power semiconductor devices,

ng the same or similar components such as switches or packagesy should be considgred

ctrical and thermal and mechanical and climatic ratings (lmiting values) characteristigs to

iven in the data sheet and to establish the test limits for future routine tests. Some or all of
ests should be repeated from time to time on samples drawn from current productign or
iyeries so as to confirm that the quality of the preduct continuously meets the requirements.

New isolated power semiconductor devices should undergo the type tests listed in Tabje 3,

marked with "X" (X = mandatory). Some of the type tests are destructive.
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Table 3 — Minimum type and routine tests for isolated power semiconductor devices

Subclause Items Type test Routine test | Destructive
5.2.1, 6.1 Isolation voltage (V) (Vigo11) X X
5.2.2, Annex A | Peak case non-rupture currenHRSMg;—lGNR xa X
5.3.1 outline dimensions, creepage, clearance X
5.3.1.4 flatness of base plate-erofcooling-surface xb
5.3.6,6.2.4 thermal resistances (Ry,)
5.3.1;82%5 tramstent thermmatmpedance (7 ;) X
5.3.2,6.2.2 parasitic inductance (Lp) xa
5.3.3,6.2.3 parasitic capacitance (Cp) xa
5.3.4,5.3.5, partial discharge voltages xXa xP
62 (Vim o Virms)) ! Vem OF Ve(rms))
5.2.%.4 terminal pull-out force (7)) X xb X
7.2.6° thermal cycling X X
7.2.3¢ power cycling (load) X X
7.2.9¢7.2.10¢ mechanicaltests shock, vibration X X
5.2. climatic-eharacteristics—classification ratings xa

a

b

NOTE Tests for isolation voltage, partial discharge voltage, creépage and clearance distance should be base]
eacl
exarpple, see

standard which should be applied to any final equipment{using the isolated power semiconductor device
i i i IEC 62368-1, IEC 61287-1,

Type test only for devices with specified maximum values.

Routine test only for devices with specified maximum or minimum values.

$ee Table 1 for normative references of test>

d on
For
etc.

7.4.2

The
100
each criterion or specimen. Routine test may comprise a selection of the isolated devices
groups of routine tests in Table 3. The minimum routine tests to be carried out on isol
devices are listedvin Table 3. Other routine tests are carried out as described in the other
of the IEC 6074%; which is valid for the particular switch.

Routine tests

routine tests should be-carried out on the current production or deliveries normally
% basis. The ratings.and characteristics specified in the data sheet should be verifie

bn a
i for
into
ated
arts
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Annex A
(informative)

Test method of peak case non-rupture current2

Purpose

To prove the ability of the isolated power device containing bipolar transistors, IGBTs or
MOSFETs as switches to withstand the rated peak case non-rupture current—g,p without

cauging a rupture (an "explosion") of the case or an emission of plasma beam or eje¢ting
masgive particles. This is a destructive test.
NoTE1+—Case rupture is caused by inside arc or vapour pressure, when the supptied energy or
curregnt from outer source exceeds the specified limit. The arc or vapour pressure is induced in
a package (encapsulation) of failed power devices by being supplied with:stored energy or
current from an outer circuit power source. Critical current or energy for\packages aftel the
devigce failure should be issued as an item of the package environméntal properties, arld in
addition the semiconductor and also other electrical parts should avoid an explosion by accident.
NOTIE Annex A is applicable if there is an agreement with user.
A.2] Circuit diagram
See|Figure A.1.
| — YY1
R
L s
RI S r- ) === Case
1 T D, !
vl mE s,
GU1 _ ,
Y !
o e boooii fom
Y YL
. P RC[H C__l I
1)< LI:I T2 ¢ Dyi
. : i
0:2.3,5kV R !G |K .
GU2 "y ' \ S,
: GE 1
LHE ./Q.\_._.;
E =
&
IEC  2981/10
Circuit_d .. I .
_ . , it . i

[

D, . liode-of T, high-sid

2 s

till under discussion.
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----- . Case

Ammeter to measure the device current which can be peak casé/mon-rupture current, if the case di

burst, monitored by a current probe having low inductance

line capacitor bank, chargeable to full voltage

inverse diode of T, high side

inverse diode of T,, low side

DC supply voltage source V., which can begwitched off from mains under all conditions

gate drive unit of T,

gate drive unit of T,

load inductance

stray inductance of the circuit(specified value)
discharge resistor for protection purposes
gate resistor of T

gate resistogoiF,

internal Selrce resistance

fuse€ regsistor, mostly set to zero

ayxiliary switch (IGBT), high side

auxiliary switch (IGBT), low side

d not

high side IGBT switch = device under test (DUT)
low side IGBT switch

load current

gate voltage of T,

gate voltage of T,

Figure A.1 — Circuit diagram for test of peak case non-rupture current-/c\p
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The set-up consists of a two-quadrant converter with two identical isolated IGBT devices. S,
and S, are auxiliary switches, for example IGBT devices, used to establish the desired load
current and to induce a short circuit failure. T, and T, are identical isolated IGBT devices

(SINGLE switch or both in a half bridge circuit as DUAL switch). This Annex A describes testing
methods using S2.

A3

=1
1

— = 0y = e~ r—

Test procedure

Test A:

2 1
Load- After I| have exceeded the safe operating area (SOA) for turn-off of T, it is attem
P turn off T4. The initial part of the turn-off process takes place, the current in the{devi

turn-off failure. The diode in the low side device D, carries substantial-eurrent at

d- This is outside the diode SOA, and the diode D, also fails.

Loa
[est B:

4 is turned on until a substantial load current is reached. At this moment the device ]
urned on. It is induced to fail, because it sees the full voltage together with full current.

evice T, then goes into desaturation and also falls—Gep-be%tem—srhee{—th%eth-—w

[¢"]

educed and part of the current is commuted to the diode D,. The device T, thern underg

nstant. The failure of T, forces the diode D, to turn off at virtually unlimited di/dz, draw

nce
pted
Ce is
joes
this
n by

D P o 9

P.c ¢

™ O @
D g

A.4

The
are

evidrnce that the device has externally melted or burst into flames.

I S N 1 1
T

be tests are executed until a value;of stored energy of the capacitor bank and of
bnt is found, which is not high eneugh to rupture or break the case. The values of achi

and of EC =Y CVCC2

current I = /oy peak caselAon-rupture current, Ve, Crax

Post test measurements and criteria

DUT is ssubjected to a visual test, whether cracks and signs of plasma from arcing insi
visible-from outside. There shall be no signs of particles thrown out nor shall ther¢

A.5

Specified conditions

Case or virtual junction temperature (7, = 25 °C, T = 25 °C or 125 °C)
Supply voltage V¢

Capacitance of capacitor bank C

Stored energy of capacitor bank Eg
ParasitieStray inductance of short circuit Lgg

Load current /|
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o Gate voltage Vggon and Vggofs
e Gate resistance Rg,, and Ry
o Percentage of tested devices not burst to total number of tested devices.

NOTE See Bibliography.
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Annex B
(informative)

Measuring method of the thickness of thermal compound paste

General

The measuring gauge is a comb out of stainless-steal steel or suitable plastic, which is not
solvable by the fluid material of the thickness of layer to be tested. The outer teeth of the comb

— th

DSe a e edges O e hexagon In Figure b.T — 1torm a base line. e Inner teeth —

ose

between the outer teeth — are progressively shortened, so that a space of distances is achi¢ved

between the teeth and the base line. The size of the distance can be read on a scale’or
instiument. A typical measuring gauge is shown in Figure B.1.

Higure B.1 — Example of a measuring gauge for a layer of thermal compound paste
of a thickness between 5 ym and 150 pm
B.2| Measuring method

Imm

that
com
The
and

surface are toybe executed in same way to get representative values for the covered area.

This

lediately after applying-the layer, the measuring comb is pressed upon the substratg
the teeth are vertical to the surface and the measuring comb does not slip. Removsg

thickness ofithe’ layer corresponds to the average mean value of the last touching tp
the first non=touching tooth. At least two further measurements at different parts on

method measures the thickness after grease printing. Therefore, it is very effective for

start

-up’inspection of the printing type grease application device. However, it is not suitablg

the

SO
the

b and look at theeeth to ensure that is the shortest tooth that still touched the fluid 1gyer.

oth
the

the
for

inspection of dispenser type grease application equipment or each products warranty, so it is
necessary to consider another method for those verifications.
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Annex C
(informative)

Intelligent power semiconductor modules (IPMs)

General

IEC 60747-15:2024 RLV © |IEC 2024

Isolated power semiconductor devices are categorized to several type, intelligent power
semiconductor module is one of type of them. The intelligent power semiconductor modules

(IPMS)Tnclude ncorporated conirol CIrcUIlls, such as gate driving circult, protection iungtion
circyits from abnormal operation. This type of device is widely used in field, this annex™stows
functions of the IPM as of reference. And IGBT-IPM is used as an example in this apn&x.|Add
the glescriptions for another type of IPMs if needed in the future.
C.2| Control terminals of IPM
Figure C.1 shows the internal circuit configuration block diagram of representative IPM, main
terminals and control terminals.
INwwny  Veemw) INowpy Vecwry & INapy Vecwry Ny Vecwr)
GND) INwN) INwN) Fony ~ SNDwe) Fewey” GNDwp) Fowpy GNDwe) Foulp)
- 0—0---0——- -0 == Q== —0—0O~0——0--0 —0—0O— --O—O—-O—-I
| |
| ] ] I
i !
i !
| LyHHH als HH HH als HH || !
- | HE HH HH HH HH HH |
I |
! Control Control Cantrol Control Control Control I
! circuit circuit circuit circuit circuit circuit I
| :
i !
| Ll L el L Ll L el L lel L b L |
D=7\ = =7\ =7\ /=—\ =7\
| NI N Ny Ny NI N I
' 7 7l 7| 17l 7l g i
| :
| |
| |
| |
I I
—0 = F e - o —-————— O————— -O0———— ——
N W \% P
IEC
Key
P +DC main terminal
N -DC main terminal
u,Vv,w Output main terminals
VCC(UP,VP,WP,N) power supply (+) terminals for control circuits
GND(UP,VP,WP,N) power supply (-) terminals for control circuits / reference potential terminals
IN input signal terminals of control circuit

F

(UP, VP, WP, UN, VN, WN)

O(UP, VP, WP, N)

alarm output terminals of control circuit

Figure C.1 — Example of internal circuit configuration block diagram of IPM
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Essential ratings (limiting value) and characteristics

C.3.1 General

The ratings and characteristics of IPM regarding incorporated control circuit are described in
this clause. The input signal for driving the IGBT is low active, that is, the IPM in which the
IGBT is turned on when the signal level changes from High to Low is taken as an example.
Figure C.1 shows an example of 6 in 1 type IPM that is widely used in the market, but from this
section onwards using 2 in 1 type IPM for simplification explain.

NOT If more than one rating or characteristic names, letter symbols are used in actual application. thos
indicgated by using "/" as separator. A
C.3.p Ratings (limiting value) and testing method Qy
C.3.p1 Supply voltage Vp / Ve Q‘l,

Maxjmum voltage that can be applied between Vs terminal and GND terrp\ﬁﬁn under sped

conditions. Both letter symbols V' and Vs may be used. ’
A

C.3.p.2 Input voltage V¢,y / Input signal voltage V;, @Q
Maxjmum voltage that can be applied between IN terminal @i GND terminal under spec
condlitions.

o)
Cc.3.p3 Fault output voltage Vg / Alarm sigrQQoltage VaLm
Maxjmum voltage that can be applied betweeng\@erminal and GND terminal under spec
condlitions. (%)

o)

Tesfing method for the above three ra‘tiﬁ is shown below.

S are

4\

Purpose @)

[est circuit .,
[esting circuit is @n in Figure C.2, as an example of 2 in1 type IPM.

O

i

-1 .

tp the control circuit of t&s\ T under the specified conditions.
:

-

ified

ified

ified

[0 confirm that there is no a rmality when the rated voltage of the control circuit is applied
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QQ
IPM under test Q

Power supply voltage source of upper arm control c@it
Power supply voltage source of lower arm contr@:ircuit
Voltmeter for upper arm control circuit pow. séﬂpply observation

Voltmeter for lower arm control circuit&c@er supply observation

Higure C.2 — Testing circuit flspsupply voltage, input voltage / input signal voltage,
and faultioutput voltage / alarm signal voltage
<
— Test procedure .

1) Connect the t@rcuit shown in Figure C.2 to the DUT.

2) Set the DLQ') the specified temperature by a hot plate or constant temperdture
chamber, \ -

3) Appl specified voltage between the V¢ (p) terminal and the GND p) terminal by the
po supply voltage source B4, and between the Vi) terminal and the GND ) by

power supply voltage source B,.
“ ) \JUIIfiIIII that thcuc dl'c 11U dbllUllIld“t;UD dftcl thc tcat.

Specified conditions

a) Voltage of control circuit power supply B4, B,.

b) Ambient or case or virtual junction temperature T, or T or 7.
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C.3.24 Fault output current I, / Alarm signal current I, u

Maximum current that can be flown between F5 terminal and GND terminal under specified
conditions.

Testing method is shown below.

— Purpose

To confirm that there is no abnormality when the rated current of the control circuit is applied
to the DUT control circuit under the specified conditions.

— Test circuit
Testing circuit is shown in Figure C.3.

o 5
A
bod

IEC

Key

DUT IPM undgt test

B, RBwer supply voltage source for collector current

B, Power supply voltage source of upper arm control circuit

B, Power supply voltage source of lower arm control circuit

A Voltmeter for collector current power supply observation

V, Voltmeter for upper arm control circuit power supply observation
Vy Voltmeter for lower arm control circuit power supply observation
G Variable pulse voltage source

0SC Oscilloscope for voltage between IN(N) and GND(N) observation
Current limiting resistor
A Ammeter for fault output current observation

Figure C.3 — Testing circuit for fault output current / alarm signal current
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— Test procedure

1)

Connect the test circuit shown in Figure C.3 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the V¢ py terminal and the GND py terminal by the
power supply voltage source B,, and between the VCC(N) terminal and the GND(N) by
the power supply voltage source Bs.

4) Apply the ON-signal between the IN(N) terminal and the GND(N) terminal by the Variable
pulse-voliage-seurea-G-

%) Increase the voltage of the power supply voltage source B4 until over current p@é tion
/ short circuit protection function is activated.

®) When the over current protection / short circuit protection is activat%ﬁbserve the
current flowing to the Fgyy terminal with an ammeter (or cur[q/ sensor |with
oscilloscope) and confirm that it can withstand the rated current. ,\03

1) Confirm that there are no abnormalities after the test. /\’

—  $pecified conditions /\b‘

C.3.

Max

@) Collector current of over current protection / short circui r".@level;
) Specified current Jgq or I\ to Fo(y) terminal (adjus& by B; voltage);
t) Voltage of control circuit power supply By, B3

) Specified input signal between INy terminal éGND(N) terminal;

) Ambient or case or virtual junction tempergture T, or 7 or 7,;.
R.5 Main circuit DC bus voltage ort circuit V.
g %\‘(@ sc

mum DC bus voltage of the main @t (voltage between the P terminal and the N terminal

S

N

of the IPM) that can perform protective operation in the event of a short circuit when| the

spe(

If a
the

ified test set temperature anq\.@ecified control voltage are applied.

bhort circuit occurs at a;Gr)’QEége exceeding this value, protection cannot be performed,|and
levice may be destroyed-

Tesfing method is sheﬁzelow.

Purpose §
[0 confir t the DUT is protected by the protection function in the event a short ciycuit
nd Ca%ﬁ stand the short circuit protection operation under the specified conditions.

e

t(circuit
és?%m circuit is shown in Figure C.4, and the waveforms are shown in Figure C.5.

©
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Key
DUT

N

N

(0] w< < _.< o o) sy}

0SsC
0sC

0sc,

IEC

IPM under test
Power supply voltage source for collector c@s@t

Power supply voltage source of uppef %ﬁxcontrol circuit

Power supply voltage source of IoweA}rm control circuit

Voltmeter for main DC bus voLg’g\e (between P terminal and N terminal) observation

Voltmeter for upper arm @{t{cgl circuit power supply observation

Voltmeter for lower arm control circuit power supply observation

Variable pulse v@ e source

Oscilloscop : oltage v between collector and emitter observation

Oscillos@ﬁor voltage v, between IN(N) and GND(N) observation

ng\ére C.4 - Testing circuit for main circuit DC bus voltage at short circuit

~

'eg/brocedure

1) Connect the test circuit shown in Figure C.4 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature

chamber.

3) Apply the specified voltage between the V¢ py terminal and the GND py terminal by the

power supply voltage source By, and between the V() terminal and the GND y, by
the power supply voltage source B3. Also, apply the specified voltage between the P
terminal and the N terminal by the power supply voltage source Bj.

4) Apply the ON-signal (longer enough to activate short circuit protection, usually 10 us or

more) between the IN(N) terminal and the GND(N) terminal by the Variable pulse voltage
source G.

5) Confirm that there are no destruction or abnormalities after the short circuit test.
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— Specified conditions

a) Voltage of control circuit power supply B,, Bs;
b) Specified main DC bus voltage (between P and N terminal by voltage source B,);
c) Specified input signal between INy, terminal and GND y terminal;

d) Ambient or case or virtual junction temperature T, or T or T;-

£ A

1

ON-signal ( > 10ps)

A
\

Short circuit protection

L) ——

Y

IEC
Figure C.5 — Waveforms of short circuit protection function

C.3.2.6 Acceptance defining criteria

All rating tests should be yerified to be normal by measuring the characteristics of the |IPM
confrol circuit shown in Table”C.1 after the tests are completed. The normal characteristic vilue
is ngt higher than the upper limit USL of the acceptance criteria and is not lower than the Igwer
limit]LSL.

Table C.1 —-Acceptance defining criteria for the IPM control circuit after rating tests

Spubclausé Acceptance defining characteristics Acceptance criteria
C.3)3.5 Short circuit trip level SC / Over current protection level 7, SC /Iy > LSL
C.3.0.0 Contror circurt unaer-voltdge protecuon ourv/ VUV LOoL uv VUV USL
C.3.3.3 Control circuit current Iy / Iocp, Ioon In !/ Iegps Ioon < USL

USL: upper specified limit.

LSL: lower specified limit.

C.3.3 Characteristics and measuring method
C.3.31 Turn-off times and turn-off switching energy at inductive load
Turn-off times and turn-off switching energy of IPM are defined with starting from the time when

the input threshold voltage reached, under the specified measurement set temperature and
specified control circuit conditions.
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Measurement method is shown below.

— Purpose

To measure the turn-off switching times and turn-off switching energy when an inductive
load current is passed through the DUT under the specified conditions.

— Measurement circuit

Measurement circuit is shown in Figure C.6, and the waveforms are shown on left side of
Figure C.7.

1
|
|

@
|
|

@
!
|
|

)

Oy O e m =
c
)
N
D\
b

C
—
- 9
0SC, . oL, O ———- N
e Veom, WO | NPy =
ASE
B3

IEC

Key

DUT IPM under test

B, Power supply voltage source for collector current

B, Power,supply voltage source of upper arm control circuit

B, Power/supply voltage source of lower arm control circuit

vV, Vobltmeter for main DC bus voltage (between P terminal and N terminal) observation
v, \olimeterfor upperarm-controlcircuit-powersupply-observation
V, Voltmeter for lower arm control circuit power supply observation

G Variable pulse voltage source

L Load inductor

0SC, Oscilloscope for voltage between collector and emitter observation
0SC, Oscilloscope for voltage between IN(N) and GND(N) observation

Figure C.6 — Measurement circuit for switching times and switching energy at inductive
load (lower arm device measurement)
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= Vin
A
(@]
Input OFF threshold O Input ON threshold
7 voltage (typ.) - voltage (typ.)
0 >
Toff \
B Td(off)
w o
8-Lh ,
. e VGE /\ ic
—— :
90 % Iy
Iow Vce Iem
0
10 % Iy | t
_ d(on) hioo |
|
. Ton . \
< > |
1
1
Turn-off Turn-on '
1
1
o« B fi(offy o fiomy |
[N ) N = < -:
1
1
1
1
1
1
|
1
0
t
EC
Key
L4(off) Turn-off delay time Ld(on) Turn-on delay time
t Fall time t Rise time
t, Tail time Lot Turn-off time ton Turn-on time
E g Turn-off energy E,, Turn-on energy
Li(off) Integral time for tyrfiyoff energy Licon) Integral time for turn-on energy
Figure C.7 — Switching waveforms at inductive load
— Measurement procedure

1) Cennect the test circuit shown in Figure C.6 to the DUT.

). Set the DUT to the specified temperature on a hot plate or constant temperdture
chramber:

3) Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source B,, and between the VCC(N) terminal and the GND(N) by
the power supply voltage source Bs.

4) Apply the ON-signal (the pulse voltage) between the IN(N) terminal and the GND(N)

terminal with the variable pulse power supply G in order to turn on the IGBT of DUT for
the specified period. Adjust the voltage of the variable constant voltage power supply B4

to raise the collector current flowing through the load inductor L to the specified current.
Then, turn off the IGBT to observe the waveforms of the IN ) terminal and GND y,

terminal voltage v;,, collector-emitter voltage vog, and collector current i with the
oscilloscope and current sensor.


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

IEC 60747-15:2024 RLV © |IEC 2024 -41 -

C.3.3.2 Turn-on times and turn-on switching energy at inductive Ip\ﬁg

the

spegified control circuit conditions. ('O

4
Turn-on times and turn-on switching energy of IPM are defined with st%t%g from the time w

Mealsurement method is shown below. \<</

5) From the observed waveform, find the switching times at turn-on (¢4 o), %, t,, Zofr) Shown

in Figure C.7, and calculate turn-on switching energy E¢ which is integrated the pro
of the collector-emitter voltage vog and the collector current i over the integral

li(off)-
Specified conditions
a) Collector current I y;

b) Voltage of control circuit power supply B,, Bs;

c) Specified input signal between INy, terminal and GND y, terminal;

duct
time

t) Specified main DC bus voltage (between P and N terminal by voltage source Bf),ﬁ

Y
) Inductance value of the load inductor L; b‘Q‘
1) Ambient or case or virtual junction temperature T, or T or 7. Q"l,

nput threshold voltage reached, under the specified measur nt set temperature

FPurpose O
To measure the turn-on switching times and tur@switching energy when an induced
gurrent is passed through the DUT under the % ified conditions.

leasurement circuit \0

leasurement circuit is shown in Figure\‘(f\g, and the waveforms are shown on right sig
Figure C.7. \%
leasurement procedure A’\QJ

1) Connect the test circuit sh\@I in Figure C.6 to the DUT.

2) Set the DUT to the @afied temperature on a hot plate or constant temperd
chamber. C)

3) Apply the speci%@voltage between the V¢ (p) terminal and the GND p) terminal by
power supply@ age source B,, and between the V¢ () terminal and the GND

the power s@ply voltage source Bs.

hen
and

load

e of

4) Apply N-signal (the pulse voltage) between the IN, terminal and the G
ter I'with the variable pulse power supply G in order to turn on the IGBT of DU

second ON-signal pulse in order to observe the waveforms of the IN, terminal
GNDyy terminal voltage v;,, collector-emitter voltage vcg, and collector current i
the oscilloscope and current sensor.

ying
and
with

5) From the observed waveform, find the switching times at turn-on (7ygn), fr, Zon) Shown in

Figure C.7, and calculate turn-on switching energy E_,, which is integrated the pro
of the collector-emitter voltage and the collector current i over the integral time ¢

duct

i(on)-

NOTE By measuring the voltage and current waveforms of the opposite (upper) arm at the time of inductive load
turn-on, the reverse recovery time, reverse recovery loss energy, and reverse recovery charge of the freewheeling
diode can be measured.
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The
spe(
sign

Mealsurement method as example of lower arm is shown below. ,\

Purpose (OQ

f
To measure the control circuit current of the DUT under t{e/g‘becified conditions.
)
I
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Specified conditions

a)
b)
c)
d)
e)

f)

Collector current Iy

Voltage of control circuit power supply B,, Bj;

Specified input signal (double pulse) between IN(N) terminal and GND(N) terminal;
Specified main DC bus voltage (between P and N terminal by voltage source B,);

Inductance value of the load inductor L;

Ambient or case or virtual junction temperature T, or T, or 7,;.

3.3 Control circuit current of upper arm Iy / Iccp, and control circuit currenAof

leasurement circuit \

leasurement circuit is shown in Figure C.8.

lower arm Ip [ Iccy Qy

maximum value of the effective current consumed by the control circuit o IPM in the
iflied measurement set temperature, the specified control circuit conditiq‘ﬁb, and the ipput
gl is off or the drive signal to the IGBT is input at the specified frequerpéb‘

b/‘\/

O
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- IEC

Key

DUT| IPM under test

G Variable pulse voltage source

B Power supply voltage source of lower arnt control circuit

OSC| Oscilloscope for voltage between IN(N) and GND(N) observation

Vv Voltmeter for lower arm control gircuit power supply observation

A Ammeter for lower arm cohtrol circuit power supply observation

Figure<C\8 — Measurement circuit for control circuit current

— Measurement procedure
1) Connegt the test circuit shown in Figure C.8 to the DUT.

B

) Setithe DUT to the specified temperature on a hot plate or constant tempergture

chamber.
INApply the specified voltage between the VCC(N) terminal and the GND(N) terminal by the
power supply voltage source B, and apply the input signal between the IN(N) terminal
and the GND(N) terminal with the variable pulse power supply G.

4) Measure the control circuit current by ammeter A.
— Specified conditions
a) Voltage of control circuit power supply B;

b) Specified input signal between IN(N) terminal and GND(N) terminal;

c) Ambient or case or virtual junction temperature 7, or T or 7;.
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Vin(otf) | Vintn(off)

Input ON threshold voltage Vip(on) / Vinth(on)» @and input OFF threshold voltage

Maximum, minimum and typical values of the input ON / OFF threshold voltage to the control
circiot for outputting the ON / OFF signal to the IGBT under the specified measurement set
temperature and specified control circuit conditions.

Mea

surement method as example of lower arm is shown below.

— Purpose

-

l

)

Key
DUT

N

leasurement circuit
leasurement circuit is shown in Figure C.9.

"\ = IEC
O%
@)
IPM under t@’

Power ly voltage source for collector current

Po@pply voltage source of lower arm control circuit

«}(age source between IN(N) and GND(N)

nder the specified conditions. R

Q}/

DUT

T < < < ® o W

0sC

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
Voltmeter for lower arm control circuit power supply observation
Voltmeter for lower arm input signal observation

Current limiting resistor

Oscilloscope for voltage between collector and emitter observation

Figure C.9 — Measurement circuit for input threshold voltage
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C.3.

Min;lzum trip level for over current protegga or short-circuit protection under the sped

me

Meajsuring method as example of Iovm&*@arm is shown below.

Measurement procedure for input ON threshold voltage

1)
2)

R
-
)
)

Connect the test circuit shown in Figure C.9 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

Apply the specified voltage between the VCC(N) terminal and the GND(N) terminal by the
power supply voltage source B,.

Decrease voltage of B; between the IN(N) terminal and the GND(N) terminal gradually,

Y
After measurement of input ON threshold voltage, increase voltage of B3 betw %he [

$pecified conditions /\
a) Voltage of B4 for collector current supplying; (OQ
b) Voltage of control circuit power supply Bo; C)

@) Ambient or case or virtual junction temperatur or T or Ty;.

3

easurement procedure for input OFF threshold voltage
rminal and the GND(N) terminal gradually, then, measure the voltage of qbetweer

(N) terminal and the GND(N) terminal by voltmeter V5 when coIIector-e%ﬁbr voltage g
voltage of B,. N
4
B

t) Specified input signal between IN(N) terminal and (%QB(N) terminal;

3.5 Over current protection level I5¢ l\g@grt circuit trip level SC

urement set temperature and specifi ontrol circuit conditions.

xO

Purpose N
[0 measure the over CI@& protection level / short circuit trip level of the DUT unde
pecified conditions.

leasurement cir(@@
leasuring circn@) shown in Figure C.10, and waveforms during the protection oper4

re shown iq ;§jgure C.11.
OQ~
S
O

then, measure the voltage of B3 between the IN(y, terminal and the GND y terminal by

N(n)
the

D up

ified

the

tion

NS
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Y]

<
o
m
(o]
(%]
0
1

o el
(<)
/
T+
A

oot

I 4 T
- 0SC, O— = O —- N

IEC
Key
DUT| IPM under test
B, Power supply voltage source for collector currert
B, Power supply voltage source of upper arpg~eontrol circuit
B, Power supply voltage source of lower atm control circuit
vV, Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
V, Voltmeter for upper arm contpdl circuit power supply observation
V, Voltmeter for lower arm control circuit power supply observation
G Variable pulse voltage source
R Load resistor

OSC] Oscilloscape.for voltage between collector and emitter observation
0OSCJ] Oscillostdpe for voltage between IN(N) and GND(N) observation

OSCJ] @sciloscope for Fault / Alarm output signal observation

Figure C.10 — Measuring circuit for over current protection
level/short circuit trip level
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1)
2)

3)

Measurement procedure for input ON threshold voltage

Connect the test circuit shown in Figure C.10 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

Apply the specified voltage between the VCC(p) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y, by
the power supply voltage source Bs.

Apply the ON—signaI (the pulse voltage) between the IN( N) terminal and the GND(N)

L5
~

$pecified conditions

@) Voltage of control circuit power supply B,, Bj;

) Input ON-signal (longer enough than tyo¢ / 76f1(sc));

t) Voltage of B4 for collector current supplying (< Vg¢) withmadjusting Rg;

¢) Ambient or case or virtual junction temperature T, qr #yor 7.

the vanable constant voItage power supply B4 to raise the collector current unt| the
protection function operation.

Then, measure the collector current just before protection operation, fault output pulse
width or alarm time, and fault or alarm output signal vgq simultaneously(

NOTE

SA
A ON-signal time -
0 =
t
OC/SC protection
==~ OC protection level I / SC trip level SC
_______ 1
1!
|
| =
t
w
0o A I\
—_ e —
|
< i
|
0 il >
t
f._ A
0 >
t

Fault output pulse width 7gq /
alarm signal hold time 7, 4

IEC

The fault or alarm output signal can be measured by current /.y observation like Figure C.3 or current sensor

with oscilloscope instead of voltage v, observation. In that case, the ir, waveform is inverse shape of v.

Figure C.11 — Waveforms during over current protection / short circuit protection
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C.3.3.6 Over current protection delay time ¢4, / Short circuit current delay time

Ioff(SC)

Typical value of collector turn-off delay time during over current protection or short circuit
protection operation under the specified measurement set temperature and specified control

circuit conditions.

Measurement method as example of lower arm is shown below.

— Purpose

O medsure e over currerit prOIeC[iOn aelidy tme ldoC 7 shortTircuitcurrent ae
thitsc) of the DUT under the specified conditions.

leasurement circuit

re shown in Figure C.13. OD

3

Q}/

! ™
Measurement circuit is shown in Figure C.12, and waveforms during the prcﬁ?gtlﬁn operaé

ime

tion
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IEC
Key
DUT| IPM under test
B, Power supply voltage source for collector curgent
B, Power supply voltage source of upper arpi~e¢ontrol circuit
B, Power supply voltage source of lower atrm control circuit
vV, Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
V, Voltmeter for upper arm control circuit power supply observation
Vy Voltmeter for lower arm control circuit power supply observation
G Variable pulse voltage source
L Load inducton

OSC] Oscilloscape.for voltage between collector and emitter observation
OSCJ] Oscillostope for voltage between IN(N) and GND(N) observation

0OSCJ] @sciloscope for fault / alarm output signal observation

Figure C.12 — Measurement circuit for over current protection
delay time/Short circuit current delay time
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Measurement procedure
1) Connect the test circuit shown in Figure C.12 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the VCC(p) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y, by
the power supply voltage source Bs.

4) Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

%) Apply the ON-signal (the pulse voltage) between the IN(N) terminal and the GI\JD(N)
terminal with the variable pulse power supply G, and increase gradually the"\ON-signal
pulse width to raise the collector current until the protection function operation.

@) Then, measure the time from when the over current protection level onthe short cifcuit
trip level is exceeded until the fault output signal starts to be output:

$pecified conditions

@) Voltage of control circuit power supply B,, Bs;

b) Specified main DC bus voltage (between P and N terminal‘by voltage source B;);

) Ambient or case or virtual junction temperature 7, orJgor 7.

SA
0 =
t
o4 OC/SE protection :
OC/SC protection level - - - - - - - - - = !
0 : i -
SC current delay time 7y(sc) i ' t
S > ~
g |
0 E . ~
o1 OC protection delay time tdoc=i E<
0 =

IEC

Figure C.13 — Waveforms of protection delay time during over
current protection / short circuit protection
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C.3.3.7 Over temperature protection OT / overheating protection temperature level

i
protection hysteresis U

Tjon> and over temperature protection hysteresis 0T, / overheating

Typical or minimum value of the over temperature protection level or overheating protection trip
level, and the over temperature protection hysteresis or overheating protection hysterisis under
the specified measurement set temperature and specified control circuit conditions.

Measurement method as example of lower arm is shown below.

— Purpnqp

hysteresis Tin of the DUT under the specified conditions.

:

junction temperature, so the product structure may be destroyed.

— Measurement circuit /\'
N

re shown in Figure C.15. ©

To measure the over temperature protection OT / overheating protection tempera u'r&‘evel
fTion. and the over temperature protection hysteresis OT s / overheating

™

'he thermal protection trip level and reset level measurement exceeds th’éﬁbaximum rated

leasurement circuit is shown in Figure C.14, and waveforms du@‘g%e protection operation

eg¢tion
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r\osce, B3

A

N @ Case teémperature 7, measurement
IEC

IPM under test

Power supply voltage source for collector currert

Power supply voltage source of upper arpg~eontrol circuit

Power supply voltage source of lower arm control circuit

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
Voltmeter for upper arm contpdl circuit power supply observation

Voltmeter for lower arm control circuit power supply observation

Variable pulse voltage source
Load resistor

Oscilloscape.for voltage between collector and emitter observation
Oscillostope for voltage between IN(N) and GND(N) observation

@sciloscope for fault / alarm output signal observation

Figure C.14 — Measurement circuit for over temperature protection and its hysteresis
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— Measurement procedure
1) Connect the test circuit shown in Figure C.14 to the DUT.

2) Set the DUT on a hot plate or constant temperature chamber with large enough heat
capacity enable to adjust case temperature.

3) Apply the specified voltage between the V¢ py terminal and the GND py terminal by the
power supply voltage source B,, and between the VCC(N) terminal and the GND(N) by
the power supply voltage source Bs.

4) Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

Input the ON / OFF signal (the pulse voltage) between the IN ) terminal and th ’G“D(N)

terminal with the variable pulse power supply G, and set the collector cu@'nt vialue
(pulse width duty) sufficiently small so that the virtual junction temperatur s not fise.

L
~

temperature T, slowly (d7/dt is 1 °C/min. or around), and measure t se tempergture

when the collector current is cut off or a fault output signal is o p'l}( The frequengy of
the input signal is short enough for the case temperature Tc c&@a es, the guidelinglis 1
Hz or around.

@) Adjust setting of the hot plate or constant temperature chamber tgglse the ¢ase

1) After measuring the over temperature protection or ove e(gmg protection temperdture
level, lower the case temperature 7T slowly (d7/dt is in. or around), and meapure

the case temperature when the collector current flh@s again. The difference between
this temperature and the over temperature prQectlon or overheatmg proteg¢tion
temperature level is the overheating protecho@?steresm OT(hys) / Tiy

$pecified conditions \
@) Voltage of control circuit power supply 592‘,083
b) Main DC bus voltage (between P a terminal by voltage source B);

L) Temperature of the hot plate or. tant temperature chamber (the temperature is rdised
up until overheat protection fu&tion is activated);
¢l) Collector current. xO

&
C)\\C)
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Measurement method as example of lower arm is shown below.

R
-
[

-

~

A

ic

L

VFO

Fo ! taLm

~

Figure C.15 — Waveforms during the overheating protection operation
and the fault odtput

3.8 Control circuit under-voltage protestion UV / Under-voltage protection ley

protection hysteresis V', and\fault output pulse width 7o / alarm signal h
time 1o

control circuit under-voltagé- protection reset level or the control circuit under-vol
bction hysteresis, and thexfdult output pulse width or the alarm signal hold time unde
ified measurement set\temperature and specified control circuit conditions.

Purpose

0 measuté the control circuit under-voltage protection trip level, reset level or prote
ystergsis] and fault output pulse width or alarm signal hold time of the DUT under
pegcified conditions.

leasurement circuit

EC

rel

Vyy, control circuit under-voltage protection reset level UV, / Under-voltage

old

mum, minimum and typical values of the control circuit under-voltage protection trip I¢vel,

tage
the

tion
the

Measurement circuit is same as shown in Figure C.10, and waveforms during the protection
operation are shown in Figure C.16.
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— Measurement procedure
1) Connect the test circuit shown in Figure C.10 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the VCC(p) terminal and the GND(P) terminal by the
power supply voltage source B,, and between the V¢ (y) terminal and the GND ) by
the power supply voltage source Bs.

4) Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

L
~

Input the ON / OFF signal (the pulse voltage) between the IN(N) terminal and the GND(N)

terminal with the variable pulse power supply G and set the collector current vatte (pulse
width duty) sufficiently small so that the virtual junction temperature doesot rise.

§) Decrease voltage between the V) terminal and the GND ) slowty #from spedfied
value, and measure the control circuit power supply voltage by valtmmeter V5 wher| the

collector current is cut off or a fault output signal is output. TheAfrequency of the input
signal is short enough for the voltage changes of B,.

1) After measuring the under-voltage protection trip level, incréase the voltage between the
VCC(N) terminal and the GND(N) slowly, and measure, the control circuit power supply

voltage (reset level) by voltmeter V5 when the collectef.current flows again.
— $pecified conditions

@) Voltage of control circuit power supply B,,83 (the voltage of B; is decreased Juntil
protection function is activated);

p) Main DC bus voltage (between P and N*terminal by voltage source B,);
) Ambient or case or virtual junction temperature 7, or 7 or T ;;

¢l) Collector current.

Undet-voltage protection

=3 ! _—
g 1 resetlevel UV —----- - -_Under-voltage protection
O : 1
AN Under-voltage protection: - - ~Ng--------------- /]:{___ " hysteresis 7,
trip level UF N,y ! :
! |
: l -
1 T Tt
= ' |
= i e e e e  — -
1 1
1 1
’ 1 1
1 ! -
! ! Tt
A ' I
1 1
1
 — — — — A P
1
: o
. ; ot
ol } ! |
-~ 1 1
o/ TaLm

Tt

IEC

Figure C.16 — Waveforms during the under-voltage protection operation
and the fault output
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C.3.3.9 Fault output current Iro(H) (during unprotection), Iro() (during protection),

and alarm signal current limiting resistance value R,

Maximum and typical values of the fault output current during no protection operation and the
fault output current during the protection operation under the specified measurement set

temperature and specified control circuit conditions.

The fault or alarm output signal current Iro) is typical or maximum value usually. On the other
hand, the fault or alarm output signal current during no protection function operation is

expressed with letter symbol of TEo(H) maximum value is required usually.

Mealsurement method as example of lower arm is shown below.

— PRurpose b‘
o measure the fault output current /gq ), Iro(L). and the alarm signa{Ll/@q{rent lim
fesistance value R\ of the DUT under the specified conditions. (o
— Measurement circuit /\/\
™

Measurement circuit is shown in Figure C.17.

/\
>

&

iting

& ’
=5 IEC
Key
DUT IPM under test
B Power supply voltage source of lower arm control circuit

Voltmeter for lower arm control circuit power supply observation

A Ammeter for fault/alarm output current

Figure C.17 — Measurement circuit for fault output current
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— Measurement procedure

1) Connect the test circuit shown in Figure C.17 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature

chamber.

3) Apply the specified voltage between the V¢ () terminal and the GND y terminal, and

measure the Iggy) current flowing through the Fq ) terminal by ammeter A or current
sensor with oscilloscope. Since the fault output current /¢ is the current during the

protection operation, it is measured during the over current protection level / short circuit
trip level measurement. See C.3.3.5. Use an ammeter or current sensor with

0Scilloscope mstead of OSC3 N Figure C.10. A
4) Since the alarm signal current limiting resistance value R, ), is not measure ctly, it
is calculated by the control circuit power supply voltage value (voltage value §[ ) divjded
by the fault output current /gq ). Q"],
— $pecified conditions Q;l’
@) Voltage of control circuit power supply B; ,'\

Cc.3.

Max|

b) Ambient or case or virtual junction temperature T, or T or T&\b‘

3.10 Common mode noise withstand capability C)(O

Measurement method as example of lower arm is s@gn below.

Purpose \\§\

[0 measure the noise withstand capat@@of the common mode noise voltage appligd to
he commercial input power supply sost
Ault signal under the specified con\ ns.

leasurement circuit -

apacitor

O
D
\<</Q

mum or typical allowable noise withstand capability thg\ es not malfunction with respect
to common mode noise to commercial input power supplies.

t the DUT does not erroneously turn on or oytput

OTE |If the IPM operates incorrectlynjt can cause a major obstacle, such as a short circuit accident. On the
ther hand, even if the IPM errone turns off, it recovers when the input PWM signal is turned off, gnd in
hany cases it does not pose a criticgtobstacle to the load output. Therefore, the description of the measurgment
hethod for erroneous off is o&)

leasurement cir is shown in Figure C.18, and waveforms during the operation| are
hown in Figure~C+19. The control circuit of the upper arm that are not measured are alyays
DN, and the§ r arm to be measured is always OFF. Also, both ends of the DC|bus

the snubber capacitor Cg are connected to the P and N terminal of the DUT.
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SW

Fuse 3 @AC input

| | Raatifior il
g I neCtmeOtge
J |
|
|
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—OU ¢, ——c

ik

==&
iC
Fom)y =
fa'al
; 1 rvamn 0SC,
l_._. —O—— O———- T N I A
Veen) K\ GNDy | Electrically conducted
I between base plate and
+\><_ heat sink
0SC;4 B, \
'
Noise simulator
(termination resistance : 50 Q)
Heat sink =

IEC

Key

DUT| IPM under test

B, Power supply voltage sourcedf tipper arm control circuit

B, Power supply voltage source’ of lower arm control circuit

vV, Voltmeter for upper.atm ‘control circuit power supply observation
A Voltmeter for lowef arm control circuit power supply observation
R, Upper armrinput signal pull-up resistor

R, Lowersarmt input signal pull-up resistor

SW ON\fixing switch

C DC bus capacitor

Cq Snubber capacitor

Cn Grounding capacitor

OSC, Oscilloscope for lower arm control circuit fault output observation

OSC, Oscilloscope for noise voltage waveform observation

2

Figure C.18 — Measurement circuit for common mode noise withstand capability
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4

L3
~

) Pullup the IN(yy terminal to V¢ () through thzfll-up resistor R, so that the lower|arm

[NEY
~

[ORN0)
[ e)]
og
e 2
E g Vp
2 50 % \ [ \
<
10 % N -
« ",
JHs
CN'Y -
Erroneous turn-on current
S L R
¢ 3
&
=
;_(. A Fault output b‘
I \\ % _63"_
2 fFoltam - 2)
2 o
4 t
/\b/‘\ IEC
Figure C.19 — Waveforms during the common de noise
withstand capability measurel&gry
— Measurement procedure C‘)\\

hall have a resistance value equivalent

of the DUT does not turn on. The pull-up resi?
is often used.

to that in actual use. Usually, 20 kQ or aro@
Pull up the INp) terminal to V¢ (py through' the pull-up resistor Ry so that the upperfarm
of the DUT turns on always. Also, p the Fopy terminal of the upper arm to Vqcp)
to prevent malfunction. Provide a@‘ircuit to turn on with the switch SW.

For the upper arm control ci@b% power supply voltage source By and the lower|arm
control circuit power suppl&@oltage source B,, use isolation transformers or the liHe to
reduce stray capacitangetto ground, and set them to the specified values Vg p)[and
Veeny respectivel()\\nsulate the oscilloscope OSC,; and OSC, with isolation
transformers or;&e like as well.

Turn on the O@ ing switch SW, and always turn the upper arm that is not measured.

Turnont e@b AC input. If necessary, use a reactor or sliding voltage regulator so|that
the rec@bridge will not be destroyed by the inrush surge current.
AppIO ise with the noise simulator. Set the noise pulse width to 1 us, set Vo tq the
S ied value, and confirm the set value with the oscilloscope OSC,. The fall ftime

ends on the specified value of the noise simulator.

)

Measure the collecior current /¢ on the Tower arm and the fault oufput voltage veg) /
vaLm @nd confirm that there is no erroneous fault output or malfunction current within the

specified noise applying time. In case of malfunction, over current due to short circuit
through P terminal to N terminal flows and is quickly cut off by the protection function,
so it is desirable to connect the snubber capacitor Cg.

Increase Vp as necessary and confirm the Vp at which the malfunction current or fault

output occurs. When the measurement is completed, turn off all the power supplies in
the reverse order of start-up.

Connect the output polarities of the noise simulator in reverse and perform steps d) to
h). If necessary, perform steps c) to i) for other phases of the 3® AC input. However, it
is not possible to apply noise to the ground phase.
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— Specified conditions
a) Pull-up resistor Ry, Ry;
b) Voltage of control circuit power supply B4, By;

c) Voltage of 3® AC input;

d) Voltage Vo of the noise simulator;

e) Ambient or case or virtual junction temperature 7, or T or 7,;.
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promotetinterna
-operation on all questions concerning standardization in the electrical and electronic fields. Te. this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Puablication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested in‘the subject deal
ay participate in this preparatory work. International, governmental and non-governmental’organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreement between the two organizatid

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical cominittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international\ise and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for, the) way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National)Cemmittees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

C itself does not provide any attestation of confgrmity. Independent certification bodies provide confg
Esessment services and, in some areas, access_t0 IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the.|datest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees ‘and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatig
dispensable for the cotrect application of this publication.

C draws attentiop~te-the possibility that the implementation of this document may involve the use
htent(s). IEC takes-no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof £Asof the date of publication of this document, IEC had not received notice of (a) patent(s),
ay be requifed-to implement this document. However, implementers are cautioned that this may not repr
e latest information, which may be obtained from the patent database available at https://patents.iec.ch
all notebe,held responsible for identifying any or all such patent rights.
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This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

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

a)

b)
c)

The intelligent power semiconductor modules (IPM), which was previously excluded from

t

he first and second edition, is now included in this document (Annex C);

The thermal resistance is described for each switch (6.2.4);

Added isolation test between temperature sensor and terminals, in case there is an
agreement with the user (6.1.2).
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text of this International Standard is based on the following documents:

Draft Report on voting

47E/832/FDIS 47E/844/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The

language used for the development of this International Standard is English.
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document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

International Standard is to be used in conjunction with IEC\60747-1:2006
ndment 1: 2010.

t of all parts in the IEC 60747 series, published under the(general title Semicondl
res, can be found on the IEC website.

committee has decided that the contents of this docupient will remain unchanged unti
lity date indicated on the IEC website under weljstore.iec.ch in the data related to
ific document. At this date, the document will be
econfirmed,

vithdrawn, or

evised.
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SEMICONDUCTOR DEVICES -

Part 15: Discrete devices — Isolated power semiconductor devices

Scope

This, part of IEC 60747 gi\/nc the rnqnirnmnni‘c for isolated power semiconductordevices.-These

requ
nonA

2

The
consg
For
ame

IEC

IEC

IEC
Prin

IEC
grou
loca

IEC
IEC

IEC
Rec

IEC

IEC
tran

irements are additional to those given in other parts of IEC 60747 for the correspon
isolated power devices and parts of IEC 60748 for ICs.

Normative references

following documents are referred to in the text in such a way that some or all of their cor
titutes requirements of this document. For dated references, only the edition cited app|
undated references, the latest edition of the referenced, document (including
ndments) applies.

60068-2-1:2007, Environmental testing — Part 2-1: Tests</Test A: Cold
60270:2015, High-voltage test techniques — Partiakdischarge measurements

60664-1:2020, Insulation coordination for equipment within low-voltage systems — Pa
Ciples, requirements and tests

60721-3-3:2019, Classification of environmental conditions — Part 3-3: Classificatio
ps of environmental parameters and-their severities — Stationary use at weather prote
fions

60747-1:2006, Semiconductor devices — Part 1: General
60747-1:2006/AMD1:2040

60747-2:2016, Semiconductor devices — Discrete devices and integrated circuits — P3
ifier diodes

60747-6:2016, Semiconductor devices — Part 6: Thyristors

60747=7:2019, Semiconductor discrete devices and integrated circuits — Part 7: Bif
5istors

ding

tent
lies.
any

rt 1:

n of
cted

rt 2:

olar

IEC

60747-8:2021, Semiconductor devices — Part 8: Field-effect transistors

IEC 60747-9:2019, Semiconductor devices — Discrete devices — Part 9: Insulated-gate bipolar
transistors (IGBTs)

IEC

60748 (all parts), Semiconductor devices — Integrated circuits

IEC 60749-5:2017, Semiconductor devices — Mechanical and climatic test methods — Part 5:
Steady-state temperature humidity bias life test

IEC 60749-6:2017, Semiconductor devices — Mechanical and climatic test methods — Part 6:
Storage at high temperature
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IEC 60749-10:2003, Semiconductor devices — Mechanical and climatic test methods — Part 10:
Mechanical shock

IEC 60749-12:2017, Semiconductor devices — Mechanical and climatic test methods — Part 12:
Vibration, variable frequency

IEC 60749-15:2020, Semiconductor devices — Mechanical and climatic test methods — Part 15:
Resistance to soldering temperature for through-hole mounted devices

IEC 60749-21:2011, Semiconductor devices — Mechanical and climatic test methods — Part 21:
Solderapitity

IEC 160749-25:2003, Semiconductor devices — Mechanical and climatic test methods\~Parf 25:
Temperature cycling

IEC 160749-34:2010, Semiconductor devices — Mechanical and climatic testimethods — Part 34.:
Power cycling

3 [Fferms and definitions
For the purposes of this document, the following terms and définitions apply.

ISO|and IEC maintain terminology databases for use ‘in standardization at the following
addfesses:

e |EC Electropedia: available at https://www.elegtropedia.org/

e |SO Online browsing platform: available athttps://www.iso.org/obp

3.1

isolated power semiconductor device

sem[conductor power device that contains an integral electrical insulator between the cogling
surface or base plate and any isolated circuit elements

3.2

consgtituent parts of the isolated power semiconductor device

3.2.

switch

any |single component that performs a switching function in an electrical circuit, e.g. dipde,
thyristor, MOSEET, etc.

Note |1 to entty® A switch might be a parallel or series connection of several chips with a single functionality.

3.2.2
base plate
part of the package having a cooling surface that transfers the heat from inside to outside

3.2.3
main terminal
terminal having a high potential of the power circuit and carrying the main current

Note 1 to entry: The main terminal can comprise more than one physical connector.

3.24

control terminal

terminal having a low current capability for the purpose of control function, to which the external
control signals are applied or from which sensing parameters are taken
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3.2.41

high voltage control terminal

terminal electrically connected to an isolated circuit element, but carrying only low current for
control function

Note 1 to entry: Examples include current shunts and collector sense terminals having the high potential of the
main terminals.

3.2.4.2
low voltage control terminal
terminal having a control function and isolated from the high voltage control terminals

Note |1 to entry: Examples include the terminals of isolated temperature sensors and isolated gate driver-inputs,
etc.

3.2.%
insylation layer

inteirated part of the device case that insulates any part having high potential.from the coo¢ling
surface or external heat sink and any isolated circuit element

3.3
peak case non-rupture current
peak current, which will not lead to a rupture of the package| ejecting plasma and massive
particles under specified conditions

3.4
thermal interface material
heaf conducting material between base plate and.external heat sink

4 |Letter symbols

4.1 General

Gengral letter symbols are defined'in Clause 4 of IEC 60747-1:2006.
4.2 | Additional subscripts/symbols

p parasitic

t terminal

isol | isolation

4.3 | List ofletter symbols

4.3. Voltages and currents

Terminat current T(RMS
Isolation voltage Visol
Partial discharge inception voltage Vi
Partial discharge extinction voltage Ve
Isolation leakage current lisol
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4.3.2 Mechanical symbols

Mounting torque for screws to heat sink M
Mounting torque for terminal screws M,
Mounting force F
Acceleration in all 3 axis (x, y, z) a
Mass m
Flatness of the case (base plate) ec
Flathess of the heat sink surface eg
Roupghness of the case (base plate) Rz.
Roupghness of the heat sink surface Rz
Thickness of thermal interface material (case — heat sink) d(_)

4.3.

Pard

Pard

B Other symbols

sitic inductance, effective between terminals and chips

sitic capacitance between terminals and cooling surface(Case, base plate, ground)

Lead resistance between terminal x and internal device_econnection x'

Tern

Nuni

5

5.1

Isold
dev

speq
encs

5.2

5.2.

Max

ninal temperature

ber of power load cycles until failure of a percentage p of a population of devices

Fssential ratings (limiting values) and characteristics

General

ted power semiconductor(devices should be specified as case rated or heat sink r
ces. The ratings and characteristics should be quoted at a temperature of 25 °C or and

psulation are described in 5.12 of IEC 60747-1:2006.
Ratings (limiting values)
Isolation voltage or isolation test voltage (Vig,)

mum_RMS or DC value between main terminals and high voltage control terminals at

side

ated
ther

ified elevated temperature. Requirements for multiple devices having a common

one

and’low voltage control terminals (where appropriate) and base plate at the other sid

b for

asp

ecified time.

5.2.2 Peak case non-rupture current (where appropriate)

Maximum value for each main terminal that does not cause the bursting of the case or emission

of pl

asma and particles.

5.2.3 Terminal current (I;zys) (Where appropriate)

Maximum RMS value of the current through the main terminal under specified conditions at
minimum mounting torque ; and maximum allowed terminal temperature (Tyyax = Tstg OF Timax

< T,

max)'
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4 Temperatures

41 Solder temperature (74,,4) (Where appropriate)

Maximum solder temperature T, 4 during solder process over a specified solder processing

time ¢

5.2.

sold-

4.2 Storage temperature (7g)

Minimum and maximum storage temperature.

5.2.% Mechanical ratings

5.2.5.1 Mounting torque for screws to heat sink (M)

Minimum and maximum mounting torque that shall be applied to the fixing screws to the
sink

5.2.5.2 Mounting torque for screws to terminals (M)

Min

5.2.
Min

be dpplied to the isolated pressure contact device.

5.2.

Maxjmum force.

5.2.

Maxjmum value along each axis\(x, y, z).

5.2.

Maxjmum deviationfrom flatness for the heat sink surface over the whole mounting area.

5.2.

Maxjmumseughness of the heat sink surface over the whole mounting area.

5.2.
Lim

sha

imum and maximum mounting torque that shall be applied te screwed terminals.

5.3 Mounting force (F)

imum and maximum mounting force for pressure mounted devices, fixed by clips, that s

b.4 Terminal pull-out force (Fy)

5.5 Acceleration (a)

5.6 Flatness of the heat sink surface (¢;) (where appropriate)

b.7 Roughness of the heat sink surface (R,;) (where appropriate)

heat

shall

6 Climati . (wt iate)
iting values of environmental parameters for the final application as follows:

ambient temperature;

humidity;

speed and pressure of air;

irradiation by sun and other heat sources;
mechanical active substances;
chemically active substances;

biological issues,

Il be described in classes as specified in IEC 60721-3-3:2019, Table 1.
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5.3 Characteristics
5.3.1 Mechanical characteristics

5.3.1.1 Creepage distance along surface (dy)

Minimum value of distance along surface of the insulating material of the device between
terminals of different potential and to base plate.

NOTE 1 IEC 60112:2020 (details to comparative tracking index "CTI") and IEC 60664-1:2020, 5.2 apply.

NOT 2—Airgaps—between—plastie—surface—and-greunrded—metal-erbetween—terminals—ofeppesite—petarity—smaller
than [1,0 mm (for pollution degree 2), or 1,5 mm (pollution degree 3) shorten the countable creepage.disfance
considerably (details see 60664-1:2020, examples). This is essential, if dust, moisture or dirt starts to,covdr the

surfafe and increases the leakage current over surface, which might start burning the plastic encapsulation'maferial.

5.3.1.2 Clearance distance in air (d,)

Minimum value of distance through air between terminals of different potentjal of the isolpted
device and to base plate.

NOTE For details, see IEC 60664-1:2020, 4.6 and 5.1 which show typical exampl€s of various shapes of cleafance
distances.

5.3.1.3 Mass (m) of the device

Maxjmum value excluding accessories (mounting hardware).

5.3.1.4 Flatness of the case (base plate) (e.) (where appropriate)

Maxjmum and minimum allowed deviation from flatness for the base plate and its direg¢tion
(conjvex or concave).

5.3.2 Parasitic inductance (L)

Maxjmum or typical value between.the main terminals of each main current path.

5.3.3 Parasitic capacitances (Cp)

Maxjmum value of pardsitic capacitance between the specified main terminal(s) and the cog¢ling
surface.

5.3.4 Partial. discharge inception voltage (V; or Vi(RMS)) (where appropriate)

Minimum-peak value V), or RMS value Vjrys) between the isolated terminals and the base
pIatT (details, see IEC 60270:2015).

5.3.5  Partial discharge extinction voltage (Vg or Vrus)) (Where appropriate)

Minimum peak value V) or RMS value Vg grys) between the isolated terminals and the base
plate (for details, see IEC 60270:2015).

5.3.6 Thermal resistances
5.3.6.1 Thermal resistance junction to case for case rated devices (R j.c)x)

Maximum value of thermal resistance junction to a specified reference point at the case (base
plate) per switch "X" (for example of the diode (D), thyristor (T), IGBT (I) or MOSFET (M)).
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5.3.

6.2 Thermal resistance case to heat sink (Rth(c_s)) (where appropriate)

Maximum or typical value of thermal resistance between two specified points at the case and
at the heat sink of the case rated device ("module"), when the case is mounted according to
manufacturer's mounting instructions.

5.3.

6.3 Thermal resistance case to heat sink per switch (R, c.s)x)
(where appropriate)

Maximum or typical value of thermal resistance between the two specified points of the case

and

MOS$FET (M)) of the isolated case rated devices ("module"), when the case is mou
accqrding to the manufacturer's mounting instructions.

5.3.

4 Thermal resistance junction to heat sink for heat sink rated devices (Ryy .

Maxjmum or typical value of thermal resistance junction to a specified point‘at the heat sink
switch "X" (for example of the diode (D), thyristor (T), IGBT (I) or MOSFET (M)), when
devige is mounted according to the manufacturer's mounting instructions:

5.3.

6.5 Thermal resistance junction to sensor (Rth(j_r)) (where appropriate)

Valde of thermal resistance junction to an integrated température sensor when the devid
moulnted according to the manufacturer's mounting instructions.

The|position of this thermal resistance should be shown in the thermal resistance equivg
circyit.
5.3.1 Transient thermal impedance (Z)

Thefrmal impedance as a function of the;time elapsed after a step change of power dissip4
for dach thermal resistance specifiedin*5.3.6 and shall be specified in one of the following w

6.1

6.1.

Measurement methods

Verification of iselation voltage rating

Verification,of isolation voltage rating between terminals and base plate (V;

FRurpose
Proof of the ability of the isolated power device to withstand the rated isolation voltage
Circuit,diagram

|) or
nted

%)

per
the

e is

lent

tion
ays.

ol)

$eeFigure 1.
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HO O O O,

W © [

1
.
Temperature sensor 4!

Base plate

—®
— E IEC
Key
DUT device under test
G voltage source with high impedance, capable to supply V,
S main switch
\% voltmeter for V|
A ammeter or current probe for lisol
Hy...H, high potential terminal

Figure 1 — Basic circuit diagram for isolation breakdown withstand
voltage test ("high pottest") with Vg,

[he voltage source G is capable to supply theusolation voltage Vi, as the AC or DC vol

vith a high internal impedance to limit<the possible breakthrough current in cas
reakdown of the DUT.

.
\

K

All main terminals and high voltage ¢ontrol terminals are connected together and conne
tp the high potential output terminal H of the voltage source G. The base plate of the [
nespectively its metallized cooling surface and all low voltage terminals are connectsg
ground potential E. An ampeéeremeter or current probe A is applied to measure the isolz
leakage current.

If there is an agreement with user, perform an isolation test between the temperature se
nd the terminals (¥35,1) (See 6.1.2).

est procedure

witch S is-Closed and the voltage is slowly raised to the specified value and maintaing
that value~for the specified time. The current measured on ammeter A shall not exceed
pecified value. The voltage is then reduced to zero.

pecified conditions

tage
e of

cted
UT,
d to
tion

nsor

d at
the

1O e d4 42000
T

e
UPU\/IIIUU mr -\ UUuUUS 1

e Ambient or case temperature
* Visol

e Jiso @8 maximum test limit

e Test time ¢, if less than 60 s.
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6.1.2 Verification of isolation voltage rating between temperature sensor and

terminals (Vigo11)

— Purpose

To verify that the isolation voltage between the temperature sensor and the other terminals
in case the temperature sensor is connected to the base plate potential.

— Circuit diagram

See Figure 2.

6.2
6.2.

BetV
IEC

.2 Parasitic inductance (L

HO O O On,

5« <V> L 010

|
\,11 [

Temperature sensor [_& :
[

Y

Base plate

A

4N
B
— E

IEC

Figure 2 — Basic circuit diagram for.isolation voltage test
between temperature sensora@and terminals (Vigq1)

Circuit description and requirements, test proeedure and specified conditions

bimilar as described in 6.1.1, but optionally a lower test voltage Vs, 41 may be specified
pplied.

Methods of measurement

Partial discharge inception and extinction voltages (V) (V,)

een high potential terminals and base plate (where appropriate). See IEC 60270:2015
60664-1:2020.

p)
Purpose
[0 measure the parasitic inductance between two main terminals.

Cireuit’diagram

bao EFiaure 3
—HgtH 0

and

and
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+
A
G
VCE
== C
Ly
—_— 5
= IEC
Key
DUT device under test T +T,, for example IGBT (Single or Dual — shown — or branch of a three ghase
arrangement)) fast diode or MOSFET device
C main capaeitor bank as reservoir
L load)inductance, at least 100 times the parasitic inductance
Lp1 . Lpn portions of parasitic inductance Lp
Inyt current probe
G VU:tGyU SUuUITCT tU b:lalyU t:IC \.apauitul
T, DUT, top switch (shown as IGBT in Figure 3)
T, DUT, bottom switch (shown as IGBT in Figure 3), optional
T, auxiliary IGBT switch

Figure 3 — Circuit diagram for measurement of parasitic inductances (Lp)


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

IEC 60747-15:2024 © |IEC 2024 -17 -

VCE

Vstep

@
-

1)

dlDUT/dl

ipuT

IEC

Figure 4 — Wave forms

Circuit description and requirements

[he circuit of Figure 3 consists of a DC supply G for thelcharge reservoir C; T3 is an auxifiary
witch, a gate drive unit for T3, the DUT insertedsinto the test set-up with the gate coptrol
erminals shorted, a dual channel oscilloscope, which senses the voltage vog between main
erminals "C4" and "E,", a current probe, which' senses the current iyt through the d’rode

(

T

t

t

path of the DUT, connected to the dual channel oscilloscope. This measuring method lises
feduced voltage V¢ and the di/dr of diodes incorporated in the device at switch-off, senlsing
t
H
N
-
A
i

he voltage at outside main terminals.SThis is usable for single switch devices as well ag for
alf bridge circuit devices (DUAL modules).

leasurement procedure

'he waveforms observed by this measurement shown in Figure 4.

\ pulsed current methodJis used. Auxiliary transistor T4 switches the load current tg the
inductor L, on and_off. ‘When Tj5 is off, the current freewheels via the diodes of the DUT.
Vhen T4 switche§ ‘'on again, it causes the current through the diodes to fall at an alqost
lInear rate dip p/ds. During this time (¢4 —t,), the voltage across the DUT forms at stgp of
(step CAUSEA DY the internal parasitic inductance at current decline (dipyy/dr). The valde of
the parasitic inductance of the main current path can be calculated from

Lp = Vstep / |(diDUT/dt)| (1)

Use low inductance (sheeted) bus baring and low inductance current probe.

6.2.3 Parasitic capacitance terminal to case (Cp)
— Purpose

To measure the parasitic capacitance Cp between specified main terminal(s) and the case
(base plate)

— Circuit diagram
See Figure 5.
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6.2.4 Thermal characteristics

6.2.4.1 General description of measuring methods
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DUT

IIre

<
()J

CM 1 Base plate
w7 L

- IEC

parasitic capacitance
high potential terminal

capacitance meter

Figure 5 — Circuit diagram for measurement of parasitic.capacitance (Cp)

leasurement procedure

lount the device to a grounded heat sink according to the manufacturer's mour
instructions. Connect the current source connector®+" of the capacitance meter CM tg
pecified terminal and connector "l," to ground (base plate) of the DUT. Connect the vol

N
N
L
gensing connector of the capacitance meter to, test points "V," and "V," to ground. C
get to the specified frequency. The capacitance Cp can be read on CM. For the measurer
¢f the total coupling capacitance Cp connéct all main terminals to each other and proq
with the measurement as described above.

$pecified conditions
4 Measurement frequency f ef.the CM.

Rurpose
To measure thermal characteristics between the switch and the cooling system.
Reference{points for temperature measurement and description

bame _methods should be used as for the corresponding non-isolated device. The

[«
nesistance and impedance are measured in the same way as described in the documgents
fl

ting
the
tage
M is
nent
eed

rmal

tors

pr'¢ ,diodes IEC 60747-2:2016, thyristors |IEC 60747-6:2016, bipolar transig
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Key
vjX
cX

sX

f el S . S0

oS =h )

Isolation layer
Base plate

- l | }‘.‘/Thermal interface material
\ III 2 }/ > /// =~ 'A/V

-

\ 00 /// //// [ Specified distance
%

cX TsX

IEC

junction temperature of chip X
case temperature under chip X

heat sink temperature under chip X

Figure 6 — Cross-section of an isolated power device
with reference points for temperature measurement of 7, and 7

Measurement procedure
Cross-sectional view of an isolated power'device is shown in Figure 6.

ole through the heat sink and any.thérmal interface material underneath the switch X(c
sx is taken from above at hottest accessible point, nearest to the switch X(chip) or

s type and thickness of the used thermal interface material (should be specifie

hounting-torque of the fixing screws, as per specified mounting instructions.

6.2.4.2 Thermal resistance junction to case per switch (X) Rypj.c)x

[.x is measured by a temperature measuring instrument from underneath through a gmall

nip).
rom

nderneath through a specified-sack hole ending at 2 (1) mm below the heat sink surface
to be specified, type test feature). Tyix is determined using indirect methods like descrjbed

ih the individual documents.

[he thermal resistance Rip(j-s) and Ry c.s) depends on several mechanical parameters guch

d in

hanufacturer's mounting instructions, for example 30 to 50«cm), the maximum deviatign of
atness of .the'cooling surface of the device's base plate and of the heat sink and| the

Rinj-cyx = (Tyjx = Tex)Px

where

X is the D (Diode), T(Thyristor), | (IGBT), M (MOSFET), B(BJT);

Tyjx s the virtual junction temperature of the switch X;

Tox is the temperature of the case (base plate) under the switch X(chip);
Py is the applied power dissipation at the each switch D,T,I,M,B.

(2)

Second index might be needed to distinguish multiple devices in one product (e.g., Inverter
IGBTs and Brake IGBTSs).
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6.2.4.3 Thermal resistance case to heat sink per switch (X) Ry (c.s)x Or per device
Rin(c-s)

Rin(c-s)x = (Tex — Tsx)/Px (3)
where

X is the D (Diode), T(Thyristor), | (IGBT), M (MOSFET), B(BJT);
T.x —is the temperature taken at the specified point of the case (as above) under the chip;

Tox is the temperature of the heat sink, taken at the reference point for testing T spesified;
Py is the applied power dissipation at the each switch D,T,I,M,B;

P is the whole applied power dissipation of the device.

Secopnd index might be needed to distinguish multiple devices in one pnoduct (e.g., Inverter
IGBTs and Brake IGBTSs).

— $pecified conditions
4 Mounting according manufacturer's instructions

4 Thermal conductivity of the thermal interface material

Reference points for thermal measurement

NOTE See Annex B for measuring method of the thickness of thermal interface material.

6.2.4.4 Thermal resistance junction to heat\sink per switch (X) Ry _)x (for heat sjnk
rated devices)

Ringsix = (Tyjx = Tsx)/Px (4)
where
X is the D (Diode), T(Thyristor), | (IGBT), M (MOSFET), B(BJT);
Tyix is the virtual junction temperature of the switch X;
Tsx is the temperature of the heat sink, taken at the reference point for testing 7 specified,
Py is the applied power dissipation at the each switch D,T,I,M,B.

Second index’ might be needed to distinguish multiple devices in one product (e.g. Inverter
IGBTs ahd'Brake IGBTSs).

— $pecified conditions

Mounting according manufacturer's instructions
e Thermal conductivity of the thermal interface material

e Reference points for thermal measurement

6.2.4.5 Transient thermal impedance Z,

— Measurement circuit and procedure

These are based on 6.2.4.2 10 6.2.4.4. Individual documents of the non-insulated devices apply.

Zin(j-c)x = (Tyjx(0) = Tex(0)] = |Tyjx (1) = Tex(0)]) 1 Px (5)
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Zin(c-s)x = (ITex(0) = Tox(0)| = |Tex(1) = Tsx(D)I) I Px (6)
Zin(j-s)x = (ITyjx(0) = Tsx(0)] = |Tyjx(2) = Tsx(0)]) / Px (7)
— Specified conditions
W F'H PN H £ 4 ] H + '
IVIUUIILIIIH auuulullly mrarfuradoutur Tl o TMMioltruuiiviiTo
4 Thermal conductivity of the thermal interface material
4 Reference points for thermal measurement.
7 JAcceptance and reliability
71 General requirements
In afdition to the following subclauses, the requirements applicable(to'the non-isolated deVices
as gjven in the other relevant parts of IEC 60747 apply.
7.2 | List of endurance tests
See|Table 1.
Table 1 — Endurance tests
Subjclause Environmental testing — designation Short form | Normative refergnce
7.2.1 High temperature reverse bias or high temperature blocking HTRB IEC 60749-5
71.2.2 High humidity and high temperature reverse bias or high H3TRB IEC 60749-5
humidity and high temperature blocking
7.2.3 Power cycling (load) capability IEC 60749-34
7.2.4 High temperature storage HTS IEC 60749-6
7.2.5 Low temperature storage LTS IEC 60068-2-1
7.2.6 Thermal cycling TC IEC 60749-25
12.7 Resistance to solder heat IEC 60749-15
7.2.8 Soldéerability IEC 60749-21
7.2.9 Mechanical shock IEC 60749-10
7]2.10 Vibration (variable frequency) IEC 60749-12

7.3 Acceptance defining criteria

See Table 2.

Table 2 — Acceptance defining characteristics for endurance and reliability tests

Acceptance defining characteristic Acceptance criteria Measurement conditions
Ligor < USL Specified Vg,
Ry, < USL Mounting instructions

USL: upper specification limit.



https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

- 22 - IEC 60747-15:2024 © |EC 2024

7.4 Type tests and routine tests
7.41 Type tests

The experience which has been obtained with other isolated power semiconductor devices,
using the same or similar components such as switches or packages, should be considered
when deciding which tests are mandatory.

Type tests are carried out on new products on a sample basis, in order to determine the
electrical and thermal and mechanical and climatic ratings (limiting values) characteristics to
be given in the data sheet and to establish the test limits for future routine tests. Some or all of
the fests should be repeated from time 10 time on samples drawn from current produciign or
deliyeries so as to confirm that the quality of the product continuously meets the requireme¢nts.

The|minimum type tests to be carried out are as follows.

New isolated power semiconductor devices should undergo the type tests-listed in Table 3,
marked with "X" (X = mandatory). Some of the type tests are destructive.

Table 3 — Minimum type and routine tests for isolated power semiconductor devices

Stibclause Items Typeltest Routine test | Destructive
5.2.1, 6.1 Isolation voltage (Vi) (Vigo11) X X
5.2.2, Annex A | Peak case non-rupture current xa X
5.3. outline dimensions, creepage, clearance X
5.3.1.4 flatness of base plate X xb
5.3.6,6.2.4 thermal resistances (R,)
5.3.1,6.2.45 transient thermal impedance (Z;)) X
5.3.2,6.2.2 parasitic inductance (Lp) xa
5.3.3, 6.2.3 parasitic capacitance (Cp) xa
5.3.4, 5.3.5, partial discharge voltages xa XPb
62 (Vim o Virms) ) Fem ©F Ve(rus))
5.2.%.4 terminal pull-out force (F,) X X
7.2.6° thermakcycling X X
7.2.3° power cycling (load) X X
7.2.9°¢7.2.10¢ mechanical shock, vibration X X
5.2. climatic ratings xa

NOTE N\ ests for isolation voltage, partial discharge voltage, creepage and clearance distance should be based on

each-standard which should bhe annlied to anv final equinment using the isolated power semiconductor devicel For
™1 s =) T

example, see IEC 62368-1, IEC 61287-1, etca.

a8  Type test only for devices with specified maximum values.

b Routine test only for devices with specified maximum or minimum values.

¢ See Table 1 for normative references of test:
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7.4.2 Routine tests

The routine tests should be carried out on the current production or deliveries normally on a
100 % basis. The ratings and characteristics specified in the data sheet should be verified for
each criterion or specimen. Routine test may comprise a selection of the isolated devices into
groups of routine tests in Table 3. The minimum routine tests to be carried out on isolated
devices are listed in Table 3. Other routine tests are carried out as described in the other parts
of the IEC 60747, which is valid for the particular switch.
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Annex A
(informative)

Test method of peak case non-rupture current!

Purpose

To prove the ability of the isolated power device containing bipolar transistors, IGBTs or
MOSFETs as switches to withstand the rated peak case non-rupture current without causing a

rupt
This

Cas

from outer source exceeds the specified limit. The arc or vapour pressure.is)ihduced
package (encapsulation) of failed power devices by being supplied with stored energy or cu
from an outer circuit power source. Critical current or energy for packages after the de

failu
the

NOTE

A.2

See

ITe (an "explosion’) Of the case or an emission Of plasma beam or €Jeciing massIVe part
is a destructive test.

b rupture is caused by inside arc or vapour pressure, when the supplied energy or cu

re should be issued as an item of the package environmental propefties, and in add
semiconductor and also other electrical parts should avoid an explosion by accident.

Annex A is applicable if there is an agreement with user.
Circuit diagram

Figure A.1.

cles.

rent
in a
rent
vice
ition

1

Still under discussion.
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Ammeter to measure the device current which can be peak case/non-rupture current, if the case di
burst, monitored by a current probe having low inductance

line capacitor bank, chargeable to full voltage

inverse diode of T,, high side

inverse diode of T,, low side

DC supply voltage source V., which can be switched off from mains under all conditions
gate drive unit of T,

gate drive unit of T,

load inductance

stray inductance of the circuit (specified value)
discharge resistor for protection purposes
gate resistor of T

gate resistonofF,

internal Seurce resistance

fuse resistor, mostly set to zero

auxiliary switch (IGBT), high side

d not

auxiliary switch (IGBT), low side

high side IGBT switch = device under test (DUT)
low side IGBT switch

load current

gate voltage of T,

gate voltage of T,

Figure A.1 — Circuit diagram for test of peak case non-rupture current


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

- 26 — IEC 60747-15:2024 © |EC 2024

The set-up consists of a two-quadrant converter with two identical isolated IGBT devices. S,
and S, are auxiliary switches, for example IGBT devices, used to establish the desired load
current and to induce a short circuit failure. T, and T, are identical isolated IGBT devices

(SINGLE switch or both in a half bridge circuit as DUAL switch). This Annex A describes testing
methods using S2.

A.3 Test procedure

o TestA:
First . S5t Frthetoadcurrentimcreases @S defimed-by toadmductgnce
U, oaq- After /| have exceeded the safe operating area (SOA) for turn-off of T, it is attempted
to turn off T4. The initial part of the turn-off process takes place, the current in the{devige is
feduced and part of the current is commuted to the diode D,. The device T, thien'undergoes
q turn-off failure. The diode in the low side device D, carries substantial -eurrent at|this
instant. The failure of T, forces the diode D, to turn off at virtually unlimited di/d¢, drawn by
| oaq- This is outside the diode SOA, and the diode D, also fails.

o TestB:
T, is turned on until a substantial load current is reached. At this moment the device T, is
turned on. It is induced to fail, because it sees the full voltage'together with full current.|The
device T4 then goes into desaturation and also fails.

Thesge tests are executed until a value of stored enpergy of the capacitor bank and of peak

current is found, which is not high enough to rupture or’break the case. The values of achieved

peal current I = peak case non-rupture current, Fge, Cmay @and of Eq = ¥ CV 2 are monitgred.

A.4| Post test measurements and criteria

The|DUT is subjected to a visual test, whether cracks and signs of plasma from arcing injside

are pisible from outside. There shall be no signs of particles thrown out nor shall therg¢ be

evidence that the device has externally melted or burst into flames.

A.5| Specified conditions

o (ase or virtual junetion temperature (7, = 25 °C, T; = 25 °Cor 125 °C)

o 3Jupply voltage ' V¢

o (Capacitance of capacitor bank C

o $toredienergy of capacitor bank Eg
Strery—trehet fshert-eirett

e Loadcurrent /|

o Gate voltage Vggg, and Ve

e Gate resistance Rg,, and Rgo¢

e Percentage of tested devices not burst to total number of tested devices.

NOTE See Bibliography.
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Annex B
(informative)

Measuring method of the thickness of thermal compound paste

General

The measuring gauge is a comb out of stainless steel or suitable plastic, which is not solvable
by the fluid material of the thickness of Iayer to be tested. The outer teeth of the comb —

-

B.2

Imm
that
com
The

eeth and the base line. The size of the dlstance can be read on a scale on the iQstrum
bical measuring gauge is shown in Figure B.1.

igure B.1 — Example of a measuring gauge for a layer of thermal compound past
of a thickness between 5 pym and 150 pm

Measuring method

lediately after applying-the layer, the measuring comb is pressed upon the substratg
the teeth are vertical to the surface and the measuring comb does not slip. Remove
b and look at the‘eeth to ensure that is the shortest tooth that still touched the fluid I3
thickness ofithe’layer corresponds to the average mean value of the last touching t

and
surf

This| method measures the thickness after grease printing. Therefore, it is very effective fo
starf-up“inspection of the printing type grease application device. However, it is not suitabl

the first non=touching tooth. At least two further measurements at different parts on
ce are to\be executed in same way to get representative values for the covered area.

those

een
een
ent.

, SO
the
yer.
both
the

the

b for

inspection of dispenser type grease application equipment or each products warranty, so it is
necessary to consider another method for those verifications.
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Intelligent power semiconductor modules (IPMs)

General

Isolated power semiconductor devices are categorized to several type, intelligent power
semiconductor module is one of type of them. The intelligent power semiconductor modules

(IP
circy
func
the

C.2

Control terminals of IPM

S) include corporated conirol Circuilts, such as gate driving circuit, protection iungtion
its from abnormal operation. This type of device is widely used in field, this annex shows
tions of the IPM as of reference. And IGBT-IPM is used as an example in this anpnex.
lescriptions for another type of IPMs if needed in the future.

Add

Figure C.1 shows the internal circuit configuration block diagram of representative IPM, main

terminals and control terminals.
INwny — Veen) INwp)y Vecwr) & MNwpy Vecvr)y  INwpy  Vecup)
GND) INwN) INwN) Fowy ~ GNDwe) Foary” GNDwp) Fowey  GNDwp) Forlr)
i_ O_()_O ..... _O_ ........... O ....... __O_O_.O_O__O_O_O_O_ _O_O_O_I
| |
| ] ] I
i !
| |
| |
| HHR HH M HHP HH M AHR | HHER L
I |
! Control Control Cantrol Control Control Control I
! circuit circuit circuit circuit circuit circuit I
| :
i !
| Ll L bl L Ll L bl L Ll L Ll L] |
i N N N N N N I
: 7 Zg! 7 gl gl 7| i
| :
| |
| |
i !
I |
—0 = F e - O —— = ——- O— === O == ——
N W \% P
IEC
Key
P +DC main terminal
N -DC main terminal
u,Vv,w Output main terminals
VCC(UP,VP’WP’N) power supply (+) terminals for control circuits
GND(UP’VP,WP’N) power supply (-) terminals for control circuits / reference potential terminals
IN input signal terminals of control circuit

FO(UP, VP, WP, N)

(UP, VP, WP, UN, VN, WN)

alarm output terminals of control circuit

Figure C.1 — Example of internal circuit configuration block diagram of IPM
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C.3

Essential ratings (limiting value) and characteristics

C.3.1 General

The ratings and characteristics of IPM regarding incorporated control circuit are described in
this clause. The input signal for driving the IGBT is low active, that is, the IPM in which the
IGBT is turned on when the signal level changes from High to Low is taken as an example.
Figure C.1 shows an example of 6 in 1 type IPM that is widely used in the market, but from this
section onwards using 2 in 1 type IPM for simplification explain.

NOT
indic

C.3
C.3

Max

con

C.3

Max

con

C.3.

Max
cong

Testing method for the above three ratings is shown below.

If more than one rating or characteristic names, letter symbols are used in actual application. thos

S are

q

q

i
.
t
.
.

ted by using "/" as separator.
R Ratings (limiting value) and testing method

R.1 Supply voltage Vp | V¢

mum voltage that can be applied between ¥V terminal and GND terminal under spec
itions. Both letter symbols V', and V- may be used.

R.2 Input voltage ¥y / Input signal voltage 1V;,

mum voltage that can be applied between IN terminal and GND terminal under spec
itions.

R.3 Fault output voltage Vo / Alarm signalvoltage Vp, u

mum voltage that can be applied betweencEpy terminal and GND terminal under spec
itions.

Purpose

p the control circuit of the:DUT under the specified conditions.
[est circuit
[esting circuit is shown in Figure C.2, as an example of 2 in1 type IPM.

ified

ified

ified

[0 confirm that there is no abnormality when the rated voltage of the control circuit is applied
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: IEC

Key
DUT| IPM under test

Power supply voltage source of upper arm control circuit

Power supply voltage source of lower arm contragpcircuit

N

Voltmeter for upper arm control circuit power supply observation

< < © W

N

Voltmeter for lower arm control circuit pewer supply observation

-

igure C.2 — Testing circuit for'supply voltage, input voltage / input signal voltage,
and fault output voltage / alarm signal voltage

— Test procedure
1) Connect the test.circuit shown in Figure C.2 to the DUT.

B

) Set the DUT ;10 the specified temperature by a hot plate or constant tempergture

chamber,
$) Apply-the specified voltage between the V¢ (py terminal and the GND p) terminal by the
power-supply voltage source B4, and between the VCC(N) terminal and the GND(,\) by
the/power supply voltage source B,.

AN oY £ dlood bl o [H'H £b bl 4 n
S ouT T uraturcTTarecTTU aPTTuTTiTantuTcos aitcT uTrcT oot

— Specified conditions
a) Voltage of control circuit power supply B4, B,.

b) Ambient or case or virtual junction temperature T, or 7, or 7.
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C.3.24 Fault output current I / Alarm signal current I,

Maximum current that can be flown between Fy terminal and GND terminal under specified
conditions.

Testing method is shown below.

— Purpose

To confirm that there is no abnormality when the rated current of the control circuit is applied
to the DUT control circuit under the specified conditions.

— Test circuit

Testing circuit is shown in Figure C.3.

=
A
L

)

IEC

Key
DUT IPM under test

Rower supply voltage source for collector current

Power supply voltage source of upper arm control circuit

N

Power supply voltage source of lower arm control circuit

w

Voltmeter for collector current power supply observation
Voltmeter for upper arm control circuit power supply observation

Voltmeter for lower arm control circuit power supply observation

© £ S < B O w

Variable pulse voltage source

0SC Oscilloscope for voltage between IN(N) and GND(N) observation
Current limiting resistor

A Ammeter for fault output current observation

Figure C.3 — Testing circuit for fault output current / alarm signal current
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— Test procedure

1)
2)

3)

4)

Connect the test circuit shown in Figure C.3 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y by
the power supply voltage source Bs.

Apply the ON-signal between the IN(N) terminal and the GND(N) terminal by the Variable

nilsa voltaae solirce G
Pt -o+ag HH -

L1
~

1)

— $pecified conditions

C.3.p5 Main circuit DC bus voltage at-short circuit Vg¢

I) Collector current of over current protection / short circuit trip’ level;
) Specified current Igq or 15y to Fo(y) terminal (adjustable by B3 voltage);

) Voltage of control circuit power supply B,, Bg;
I) Specified input signal between IN(N) terminal and GND(N) terminal;

) Ambient or case or virtual junction temperature T, or T, or ij.

Increase the voltage of the power supply voltage source B, until over current protegtion
/ short circuit protection function is activated.

When the over current protection / short circuit protection is activated,| observe| the
current flowing to the Fgy terminal with an ammeter (or current’ sensor |with

oscilloscope) and confirm that it can withstand the rated current.
Confirm that there are no abnormalities after the test.

Maxjmum DC bus voltage of the main circuit (voltage between the P terminal and the N terminal
of the IPM) that can perform protective operation in the event of a short circuit when| the

spegified test set temperature and specified control voltage are applied.

If a $hort circuit occurs at a, voltage exceeding this value, protection cannot be performed,|and

the device may be destroyed-

Tesling method is shewn' below.

Purpose

i
To confirmithat the DUT is protected by the protection function in the event a short cifcuit
gnd can 'withstand the short circuit protection operation under the specified conditions.

[est(circuit
[esting circuit is shown in Figure C.4, and the waveforms are shown in Fiqure C.5.
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IEC

Key
DUT IPM under test

Power supply voltage source for collector current

Power supply voltage source of upper arm control circuit

N

Power supply voltage source of lowerarm control circuit

w

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
2 Voltmeter for upper arm gontrol circuit power supply observation

Voltmeter for lower arm control circuit power supply observation

G)w<<_‘<UDUDCD

Variable pulse véltage source

0SC Oscilloscope forvoltage v between collector and emitter observation

0SC OscillosCope for voltage v, between IN(N) and GND(N) observation
Figure C.4 — Testing circuit for main circuit DC bus voltage at short circuit

— Testprocedure

1) Connect the test circuit shown in Figure C.4 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the V¢ py terminal and the GND p) terminal by the
power supply voltage source B,, and between the VCC(N) terminal and the GND(N) by
the power supply voltage source B3. Also, apply the specified voltage between the P
terminal and the N terminal by the power supply voltage source Bj.

4) Apply the ON-signal (longer enough to activate short circuit protection, usually 10 ys or
more) between the IN ) terminal and the GND ) terminal by the Variable pulse voltage

source G.
5) Confirm that there are no destruction or abnormalities after the short circuit test.
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— Specified conditions
a) Voltage of control circuit power supply B,, Bs;

b) Specified main DC bus voltage (between P and N terminal by voltage source B,);
c) Specified input signal between IN ) terminal and GND y terminal;

d) Ambient or case or virtual junction temperature T, or T or 7.

£ A

I

ON-signal ( > 10ps)

A
\

Short circuit protection

-

~

IEC
Figure C.5 — Waveforms of short circuit protection function

C.3.2.6 Acceptance defining criteria

All rating tests should be verified to be normal by measuring the characteristics of the |IPM
confrol circuit shown in Table”’C.1 after the tests are completed. The normal characteristic value
is ngt higher than the upper limit USL of the acceptance criteria and is not lower than the lower
limit|LSL.

Table C.1 — Acceptance defining criteria for the IPM control circuit after rating tests

Subclause Acceptance defining characteristics Acceptance criteria
C.3§3.5 Short circuit trip level SC / Over current protection level /5 SC/Iyc>LSL
C.3.38 COontror circurtunaer-voltage protection vy7 VUV LoL s UV VUV USL
C.3.3.3 Control circuit current Iy / Iocp, ooy In ! Iocp Ioon < USL

USL: upper specified limit.

LSL: lower specified limit.

C.3.3 Characteristics and measuring method
C.3.31 Turn-off times and turn-off switching energy at inductive load
Turn-off times and turn-off switching energy of IPM are defined with starting from the time when

the input threshold voltage reached, under the specified measurement set temperature and
specified control circuit conditions.
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Measurement method is shown below.

— Purpose

To measure the turn-off switching times and turn-off switching energy when an inductive
load current is passed through the DUT under the specified conditions.

— Measurement circuit

Measurement circuit is shown in Figure C.6, and the waveforms are shown on left side of
Figure C.7.

1
|
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@
|
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?
!
|
|

(D)

Oy O e m =
c
)
N
D\
b

C
—>
- fa'al
0SC, R S\ o NN N[ T
~ Veer [N TeNowy =
S
Bs
Vs
IEC
Key
DUT IPM under test
B, Power supply voltage source for collector current
B, Power supply voltage source of upper arm control circuit
B, Power/supply voltage source of lower arm control circuit
\2 Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
V2 \/oltmeter for Upperatm control circuit power cnpply observation
V, Voltmeter for lower arm control circuit power supply observation
G Variable pulse voltage source
L Load inductor
OSC, Oscilloscope for voltage between collector and emitter observation
0OSC, Oscilloscope for voltage between IN(N) and GND(N) observation

Figure C.6 — Measurement circuit for switching times and switching energy at inductive
load (lower arm device measurement)
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1
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1
|
1
0
t
EC
Key
L4(off) Turn-off delay time L4(on) Turn-on delay time
1 Fall time t Rise time
t, Tail time Log Turn-off time on Turn-on time
E g Turn-off energy E,, Turn-on energy
Licoff) Integral time for turn=off energy Li(on) Integral time for turn-on energy
Figure C.7 — Switching waveforms at inductive load
— Measurement procedure

1) Connect the test circuit shown in Figure C.6 to the DUT.

2).Set the DUT to the specified temperature on a hot plate or constant tempergture
ctramber:

3) Apply the specified voltage between the V¢ (py terminal and the GND p) terminal by the
power supply voltage source B,, and between the VCC(N) terminal and the GND(N) by
the power supply voltage source Bs.

4) Apply the ON-signal (the pulse voltage) between the IN(N) terminal and the GND(N)

terminal with the variable pulse power supply G in order to turn on the IGBT of DUT for
the specified period. Adjust the voltage of the variable constant voltage power supply B,

to raise the collector current flowing through the load inductor L to the specified current.
Then, turn off the IGBT to observe the waveforms of the IN(y, terminal and GND y,

terminal voltage v;,, collector-emitter voltage vsg, and collector current iz with the
oscilloscope and current sensor.
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5)

From the observed waveform, find the switching times at turn-on (¢4 o), #. 15, Zofr) ShOWn
in Figure C.7, and calculate turn-on switching energy E ¢ which is integrated the product
of the collector-emitter voltage vog and the collector current i over the integral time

Bi(off)-

— Specified conditions

a)

Collector current Iop;
Voltage of control circuit power supply B, Bg;

Specified input signal between IN y, terminal and GND y terminal;

f)

C.3.3.2 Turn-on times and turn-on switching energy at inductive load

Specified main DC bus voltage (between P and N terminal by voltage source B);

Inductance value of the load inductor L;
Ambient or case or virtual junction temperature T, or T, or 7.

Turr-on times and turn-on switching energy of IPM are defined with starting from the time when
the |nput threshold voltage reached, under the specified measurement set temperature|and

spegified control circuit conditions.

Mealsurement method is shown below.

— Purpose

. - ]

1
)

RO

L.
~

leasurement circuit

leasurement procedure

To measure the turn-on switching times and turn<on/switching energy when an induced Joad
gurrent is passed through the DUT under the specified conditions.

leasurement circuit is shown in Figure:C:7, and the waveforms are shown on right side of
Figure C.7.

Connect the test circuit shewh in Figure C.6 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperdture
chamber.
Apply the specified voltage between the V¢ py terminal and the GND p) terminal by the
power supply veltage source B,, and between the VCC(N) terminal and the GND(,\) by
the power supply voltage source Bs.

Apply the>ON-signal (the pulse voltage) between the IN(N) terminal and the GND(N)

terminal with the variable pulse power supply G in order to turn on the IGBT of DUT for
thespecified period. Adjust the voltage of the variable constant voltage power supply B

to raise the collector current flowing through the load inductor L to the specified curfent.

5)

NOTE

Toen Aff tha 1ODRT ~Aneon and aleanlotn tha ~yieeant thea b tha Iaad A ntae | oy the

o Ot T oD T OO o oot tro— o T ottt oogTT oo oot oo Cto———att

freewheeling diode on the opposite arm. Then, turn on the IGBT again by applying
second ON-signal pulse in order to observe the waveforms of the IN(N) terminal and
GND ) terminal voltage v;,, collector-emitter voltage vcg, and collector current i with
the oscilloscope and current sensor.

From the observed waveform, find the switching times at turn-on (7y.on), 1, fon) Shown in
Figure C.7, and calculate turn-on switching energy E,, which is integrated the product

of the collector-emitter voltage and the collector current i over the integral time #;,,).

By measuring the voltage and current waveforms of the opposite (upper) arm at the time of inductive load

turn-on, the reverse recovery time, reverse recovery loss energy, and reverse recovery charge of the freewheeling
diode can be measured.
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— Specified conditions
a) Collector current Iy;

b) Voltage of control circuit power supply B,, Bg;
c) Specified input signal (double pulse) between IN(N) terminal and GND(N) terminal,
d) Specified main DC bus voltage (between P and N terminal by voltage source B);

e) Inductance value of the load inductor L;
f) Ambient or case or virtual junction temperature T, or T, or ij.

C.3.8.3 Control circuit current of upper arm Ip / I¢cp, and control circuit current, ¢
lower arm Ip [ Iccn

The|maximum value of the effective current consumed by the control circuit of-the IPM in

spegified measurement set temperature, the specified control circuit conditions;”’and the i
signgpl is off or the drive signal to the IGBT is input at the specified frequency;

Measurement method as example of lower arm is shown below.

Purpose

i
To measure the control circuit current of the DUT under th'e 'specified conditions.
Measurement circuit

)

leasurement circuit is shown in Figure C.8.

the
nput
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- IEC

Key

DUT| IPM under test

G Variable pulse voltage source

B Power supply voltage source of lower arni control circuit

OSC| Oscilloscope for voltage between IN(N) and GND(N) observation
\% Voltmeter for lower arm control_circuit power supply observation

A Ammeter for lower arm control circuit power supply observation

Figure<C.8 — Measurement circuit for control circuit current

— Measurement procedure
1) Connectythe test circuit shown in Figure C.8 to the DUT.

) Set<the DUT to the specified temperature on a hot plate or constant temperdture
chamber.

[ NG

G
~

Apply the specified voltage between the VCC(N) terminal and the GND(N) terminal by the
power supply voltage source B, and apply the input signal between the IN(N) terminal
and the GND(N) terminal with the variable pulse power supply G.

4) Measure the control circuit current by ammeter A.
— Specified conditions
a) Voltage of control circuit power supply B;
b) Specified input signal between IN(N) terminal and GND(N) terminal;

c) Ambient or case or virtual junction temperature 7, or T, or ;.
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Input ON threshold voltage Vip(on) / Vinth(on)» @and input OFF threshold voltage

Maximum, minimum and typical values of the input ON / OFF threshold voltage to the control
circiot for outputting the ON / OFF signal to the IGBT under the specified measurement set
temperature and specified control circuit conditions.

Measurement method as example of lower arm is shown below.

— Purpose

t
-
)

Key
DUT

N

w

nder the specified conditions.
leasurement circuit

IPM under test

Power supply voltage source for coll

Voltage source between IN(N) and G

ector current

ND y,

[0 measure the mput ONthreshotd voltage and mput OFF threstiotd vottage of the |

Power supply voltage source of lower arm control circuit

lleasurement circuit is shown in Figure C.9.
Veep GNDp
RGN S
For)| OoP
Q |
| i
e} !
Nee) | ] g !
i |
| !
; |
! QO R
i DUT (:) —
N : I osc +
N, i
| SRS IOL¢
+ | i Pa
| !
B O |
3Q5 Fo) A
N I L — O ——- 3N
' GND =
6,9 ecm) @ N)
By

IEC

DUT

» < & < @@ W

0sC

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation

Voltmeter for lower arm control circuit power supply observation

Voltmeter for lower arm input signal

Current limiting resistor

observation

Oscilloscope for voltage between collector and emitter observation

Figure C.9 — Measurement circuit for input threshold voltage
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Measurement procedure for input ON threshold voltage

1)
2)

Connect the test circuit shown in Figure C.9 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant tempera
chamber.

3)
power supply voltage source B..

4)

Decrease voltage of B3 between the IN(y) terminal and the GNDy terminal gradu

easurement procedure for input OFF threshold voltage

After measurement of input ON threshold voltage, increase voltage of Bs between-the |
rminal and the GNDy terminal gradually, then, measure the voltage of Bglbetweer
() terminal and the GND ) terminal by voltmeter V3 when collector-emitter voltage g
voltage of B,.

$pecified conditions
a) Voltage of B4 for collector current supplying;

b) Voltage of control circuit power supply B;
) Specified input signal between IN(N) terminal and GND(N) terminal;

@) Ambient or case or virtual junction temperature-%, or T or 7.

C.3.

Mini
mea

3.5

Over current protection level Ioc / Short circuit trip level SC

lsurement set temperature and specified control circuit conditions.

mum trip level for over current protection or short-circuit protection under the sped

suring method as example of lowér arm is shown below.

Purpose

[0 measure the over current protection level / short circuit trip level of the DUT unde
pecified conditions.

leasurement circuit

lleasuring circyit,is shown in Figure C.10, and waveforms during the protection operd
re shown in Figure C.11.

ture

Apply the specified voltage between the VCC(N) terminal and the GND(N) terminal by the

ally,

then, measure the voltage of B3 between the INy) terminal and the GND y, terminal by

N(n)
the

0 up

ified

the

tion
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IPM under test

Power supply voltage source for collector current

Power supply voltage source of upper arm~control circuit

Power supply voltage source of lower arm control circuit

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
Voltmeter for upper arm control circuit power supply observation

Voltmeter for lower arm _control circuit power supply observation

Variable pulse voltage source
Load resistor

Oscilloscape.for voltage between collector and emitter observation
Oscilloscope for voltage between IN(N) and GND(N) observation

Oscilloscope for Fault / Alarm output signal observation

Figure C.10 — Measuring circuit for over current protection
level/short circuit trip level


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

IEC 60747-15:2024 © |IEC 2024 - 43 -

— Measurement procedure for input ON threshold voltage
1) Connect the test circuit shown in Figure C.10 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y by
the power supply voltage source Bs.

4) Apply the ON-signal (the pulse voltage) between the IN(N) terminal and the GND(N)

fnrmunol with-the \laruahlo sulse—power ellnnl\l f‘ Qnri |nr\roocn nrorhlall\l the \/r\H’are Of
P P PPy

the variable constant voltage power supply B, to raise the collector current until the
protection function operation.
%) Then, measure the collector current just before protection operation, fault, output plulse
width or alarm time, and fault or alarm output signal vgg simultaneously;
— $pecified conditions
I) Voltage of control circuit power supply B,, Bg;
) Input ON-signal (longer enough than t4o¢ / fo(sc));
) Voltage of B4 for collector current supplying (< Vgc) withmadjusting Rg;
@) Ambient or case or virtual junction temperature T, or % or 7.
S A
A ON-signal time -
0 =t
OC/SC protection
LA
----------- ==~ OC protection level I / SC trip level SC
_______ M
$ J
|
0 ! >
t
oF |
[ —
|
1
< |
0 1 -
t
24
0 =
t

Fault output pulse width 7gq /
alarm signal hold time 7, 4

IEC

NOTE The fault or alarm output signal can be measured by current I observation like Figure C.3 or current sensor
with oscilloscope instead of voltage v, observation. In that case, the ir, waveform is inverse shape of v

Figure C.11 — Waveforms during over current protection / short circuit protection
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C.3.3.6 Over current protection delay time ¢4, / Short circuit current delay time
Toff(SC)

Typical value of collector turn-off delay time during over current protection or short circuit
protection operation under the specified measurement set temperature and specified control
circuit conditions.

Measurement method as example of lower arm is shown below.

— Purpose

[0 TMeasure the over CurTent protection detay time 735¢ 7 short circuitcurrent detay time
thi(sc) of the DUT under the specified conditions.
leasurement circuit

N
Measurement circuit is shown in Figure C.12, and waveforms during the protéction operation
gre shown in Figure C.13.
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IPM under test

Power supply voltage source for collector current

Power supply voltage source of upper arpi~¢ontrol circuit

Power supply voltage source of lower arm control circuit

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
Voltmeter for upper arm control circuit power supply observation

Voltmeter for lower arm_control circuit power supply observation

Variable pulse voltage source
Load inductor

Oscilloscape.for voltage between collector and emitter observation
Oscilloscope for voltage between IN(N) and GND(N) observation

Oscilloscope for fault / alarm output signal observation

Figure C.12 — Measurement circuit for over current protection
delay time/Short circuit current delay time
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Measurement procedure

1)
2)

3)

4)

Connect the test circuit shown in Figure C.12 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y by
the power supply voltage source Bs.

Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

L1
~

$pecified conditions
I) Voltage of control circuit power supply By, Bg;
) Specified main DC bus voltage (between P and N terminal‘by voltage source B,);

) Ambient or case or virtual junction temperature T, orFgor 7,;.

Apply the ON-signal (the pulse voltage) between the IN(N) terminal and the GND(N)
terminal with the variable pulse power supply G, and increase gradually the*"ON-signal
pulse width to raise the collector current until the protection function operation.

Then, measure the time from when the over current protection level orjthe short cifcuit
trip level is exceeded until the fault output signal starts to be output:

£ lr
o =
t
OC/SC protection
Y P : ;
1
OC/SC protection level - - - = - - - - = e ]
| |
1 1
1 1
1 1
1 1
0 : 1 -
_ . ! '
SC current delay time 1off(SC) ! !
m > :<
< 1
|
1
1
1
1
1
|
0 I i
. H ' i !
o4 OC protection delay time 74, =i i<
T 1
0 L

~

IEC

Figure C.13 — Waveforms of protection delay time during over
current protection / short circuit protection
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C.3.3.7 Over temperature protection OT / overheating protection temperature level

Tion, and over temperature protection hysteresis 07, / overheating

protection hysteresis Ty
Typical or minimum value of the over temperature protection level or overheating protection trip

level, and the over temperature protection hysteresis or overheating protection hysterisis under
the specified measurement set temperature and specified control circuit conditions.

Measurement method as example of lower arm is shown below.

— Purpase

To measure the over temperature protection OT / overheating protection temperaturetlevel
Tion. and the over temperature protection hysteresis OT s / overheating {proteg¢tion

hysteresis U of the DUT under the specified conditions.

[he thermal protection trip level and reset level measurement exceeds thé)maximum rated
junction temperature, so the product structure may be destroyed.

leasurement circuit is shown in Figure C.14, and waveforms during‘the protection opergtion

:
J

— Measurement circuit
|
gre shown in Figure C.15.
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IPM under test

Power supply voltage source for collector current

Power supply voltage source of upper arm~control circuit

Power supply voltage source of lower arm control circuit

Voltmeter for main DC bus voltage (between P terminal and N terminal) observation
Voltmeter for upper arm control circuit power supply observation

Voltmeter for lower arm _control circuit power supply observation

Variable pulse voltage source
Load resistor

Oscilloscape.for voltage between collector and emitter observation
Oscilloscope for voltage between IN(N) and GND(N) observation

Oscilloscope for fault / alarm output signal observation

Figure C.14 — Measurement circuit for over temperature protection and its hysteresis
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Measurement procedure

1)
2)

3)

4)

Connect the test circuit shown in Figure C.14 to the DUT.

Set the DUT on a hot plate or constant temperature chamber with large enough heat
capacity enable to adjust case temperature.

Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source By, and between the V() terminal and the GND y by
the power supply voltage source Bs.

Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

L1
~

$pecified conditions
I) Voltage of control circuit power supply B5;"Bs;

) Main DC bus voltage (between P and.N terminal by voltage source B,);

¢d) Collector current.

Input the ON / OFF signal (the pulse voltage) between the IN(N) terminal and the GND(N)

terminal with the variable pulse power supply G, and set the collector cufrent value
(pulse width duty) sufficiently small so that the virtual junction temperature-does not fise.

Adjust setting of the hot plate or constant temperature chamber to)raise the ¢ase
temperature T, slowly (d7/dt is 1 °C/min. or around), and measure thé-case temperdture

when the collector current is cut off or a fault output signal is output. The frequengy of
the input signal is short enough for the case temperature Tc changes, the guideling|is 1
Hz or around.

After measuring the over temperature protection or overheating protection temperdture
level, lower the case temperature 7 slowly (d7/dt is 1,5C/min. or around), and meapure
the case temperature when the collector current floaws again. The difference between

this temperature and the over temperature ,protection or overheating protegtion
temperature level is the overheating protection-hysteresis OT(hys) / Tiy-

) Temperature of the hot plate or.constant temperature chamber (the temperature is rafised

up until overheat protection function is activated);
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Figure C.15 — Waveforms during the overheating protection operation
and the fault output

3.8 Control circuit under-voltage protection UV / Under-voltage protection ley
Vyys control circuit under-voltage protection reset level UV, / Under-volta

protection hysteresis V', and\fault output pulse width 75 / alarm signal h
time 15

EC

rel
ge
old

mum, minimum and typical values of the control circuit under-voltage protection trip I¢vel,

control circuit under-voltagé. protection reset level or the control circuit under-vol
pction hysteresis, and thexfault output pulse width or the alarm signal hold time unde
ified measurement set'temperature and specified control circuit conditions.

surement method as example of lower arm is shown below.

Purpose

[0 measute the control circuit under-voltage protection trip level, reset level or prote
ysteresis; and fault output pulse width or alarm signal hold time of the DUT undef
pecified conditions.

leasurement circuit

tage
the

tion
the

Measurement circuit is same as shown in Figure C.10, and waveforms during the protection
operation are shown in Figure C.16.
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— Measurement procedure
1) Connect the test circuit shown in Figure C.10 to the DUT.

2) Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

3) Apply the specified voltage between the VCC(P) terminal and the GND(P) terminal by the
power supply voltage source B,, and between the V¢c(yy terminal and the GND ) by
the power supply voltage source Bs.

4) Apply the specified voltage between the P terminal and the N terminal by the power
supply voltage source B,

L1
~

Input the ON / OFF signal (the pulse voltage) between the IN(N) terminal and the GND(N)
terminal with the variable pulse power supply G and set the collector current value (pulse
width duty) sufficiently small so that the virtual junction temperature doesnot rise.
§) Decrease voltage between the Vgc(y) terminal and the GNDy slowly from specjfied
value, and measure the control circuit power supply voltage by voltmeter V5 when the

collector current is cut off or a fault output signal is output. TheAfrequency of the ipput
signal is short enough for the voltage changes of Bs.

1) After measuring the under-voltage protection trip level, increase the voltage between the
VCC(N) terminal and the GND(N) slowly, and measure the control circuit power supply

voltage (reset level) by voltmeter V3 when the collector.current flows again.
— $pecified conditions

a) Voltage of control circuit power supply B,,-B3 (the voltage of B; is decreased until
protection function is activated);

ib) Main DC bus voltage (between P and N terminal by voltage source B,);
) Ambient or case or virtual junction temperature T, or T or T,;;
gd) Collector current.

Undet-voltage protection

z R B
g Und It ecti \reset level UV, "“;,_Z"_/___ -_Under-voltage protection
5N n er'V(_) age protecuornr - - - N~ T~ TTTTTT=—~° T___ : hysteresis VH
trip level UF N,y ! i
1
: !
X ! -
| T Tt
1
£ l :
— — — R | — — — — — — ey
! 1
! 1
! 1
| -
| ! 1
Ak | !
1
e O
1
: -
1 ; 7[
(@) 1 1
e \ 1
- 1 1

Fo ! taLm

Tt
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Figure C.16 — Waveforms during the under-voltage protection operation
and the fault output
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C.3.3.9 Fault output current Iro(h) (during unprotection), Iro() (during protection),
and alarm signal current limiting resistance value Ry,

Maximum and typical values of the fault output current during no protection operation and the
fault output current during the protection operation under the specified measurement set
temperature and specified control circuit conditions.

The fault or alarm output signal current Tro() is typical or maximum value usually. On the other

hand, the fault or alarm output signal current during no protection function operation is
expressed with letter symbol of /g (), maximum value is required usually.

MeaLurement method as example of lower arm is shown below.

— Purpose
To measure the fault output current /rq ), Iro(), and the alarm signal Current limjting
fesistance value R of the DUT under the specified conditions.
— Measurement circuit

Measurement circuit is shown in Figure C.17.

Veep) GNDp)
e O —— A )
Fop) | QP

|
|
|
|
|
|
!
DUT —clb u
i
|
|
|
|
|
O

i
5
Fon! N
|
e O O — |
A =
X
o
—_— IEC

Key

DUT IPM under test

B Power supply voltage source of lower arm control circuit
Voltmeter for lower arm control circuit power supply observation

A Ammeter for fault/alarm output current

Figure C.17 — Measurement circuit for fault output current
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— Measurement procedure

1)
2)

3)

Connect the test circuit shown in Figure C.17 to the DUT.

Set the DUT to the specified temperature on a hot plate or constant temperature
chamber.

Apply the specified voltage between the VCC(N) terminal and the GND(N) terminal, and
measure the /gy current flowing through the Fq ) terminal by ammeter A or current
sensor with oscilloscope. Since the fault output current /rq | ) is the current during the

protection operation, it is measured during the over current protection level / short circuit
trip level measurement. See C.3.3.5. Use an ammeter or current sensor with

— $pecified conditions

C.3.3.10 Common mode noise withstand capability

I) Voltage of control circuit power supply B;
) Ambient or case or virtual junction temperature 7, or 7 or 7,4

oscilloscope InsStead ot UsL s In Figure L. TU.

Since the alarm signal current limiting resistance value Ry, \; is not measured. directly, it

is calculated by the control circuit power supply voltage value (voltage value of B) divjded
by the fault output current /gq ().

Maxjmum or typical allowable noise withstand capability that'does not malfunction with respect

to common mode noise to commercial input power supplies,

Measurement method as example of lower arm is shown below.

Purpose

leasurement circuit

i

To measure the noise withstand capability’ of the common mode noise voltage appligd to
the commercial input power supply so.that the DUT does not erroneously turn on or oytput
flault signal under the specified conditions.

NOTE If the IPM operates incorrectly,nit can cause a major obstacle, such as a short circuit accident. On the
dther hand, even if the IPM erroneously turns off, it recovers when the input PWM signal is turned off, and in
many cases it does not pose a critical obstacle to the load output. Therefore, the description of the measurgment
method for erroneous off is omitted.

N

Measurement circuit*is shown in Figure C.18, and waveforms during the operation
ghown in Figure-C:-19. The control circuit of the upper arm that are not measured are aly
ON, and the dower arm to be measured is always OFF. Also, both ends of the DC
¢apacitor G-and the snubber capacitor Cq are connected to the P and N terminal of the [

are
bays
bus
UT.
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Key
DUT| IPM under test

Power supply voltage source'of upper arm control circuit

Power supply voltage source’ of lower arm control circuit

N

Voltmeter for upper-atm control circuit power supply observation

Voltmeter for lowef arm control circuit power supply observation

N

Upper armrinput signal pull-up resistor

I D < < @ W

Lower«arm input signal pull-up resistor

N

SwW ON\fixing switch

C DC bus capacitor
Cs Snubber capacitor
Cn Grounding capacitor

OSC, Oscilloscope for lower arm control circuit fault output observation

OSC, Oscilloscope for noise voltage waveform observation

Figure C.18 — Measurement circuit for common mode noise withstand capability
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— Measurement procedure

1
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~
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Figure C.19 — Waveforms during the common ‘mode noise
withstand capability measurement

Pull up the IN\, terminal to V¢ (yy through the pall-up resistor R; so that the lower|arm
of the DUT does not turn on. The pull-up resistorshall have a resistance value equivglent
to that in actual use. Usually, 20 kQ or around is often used.
Pull up the INp) terminal to V¢ py through the pull-up resistor Ry so that the upper|arm
of the DUT turns on always. Also, pull-Up the Fqp) terminal of the upper arm to Vgc(p)
to prevent malfunction. Provide a_gircuit to turn on with the switch SW.

For the upper arm control citguit power supply voltage source B4 and the lower|arm
control circuit power supply(voltage source B,, use isolation transformers or the lie to
reduce stray capacitance:to ground, and set them to the specified values VCC(P) and
Veen): respectively: ninsulate the oscilloscope OSC4 and OSC, with isolation
transformers or the like as well.

Turn on the ONNfixing switch SW, and always turn the upper arm that is not measured.

Turn on the 89 AC input. If necessary, use a reactor or sliding voltage regulator so|that
the rectifier'bridge will not be destroyed by the inrush surge current.
Apply hoise with the noise simulator. Set the noise pulse width to 1 us, set Vp td the
specified value, and confirm the set value with the oscilloscope OSC,. The fall time
depends on the specified value of the noise simulator.

8)

9)

Measure the collector current /c on the Tower arm and the fault output voltage veo) /
vaLm @nd confirm that there is no erroneous fault output or malfunction current within the

specified noise applying time. In case of malfunction, over current due to short circuit
through P terminal to N terminal flows and is quickly cut off by the protection function,
so it is desirable to connect the snubber capacitor Cg.

Increase Vp as necessary and confirm the Vo at which the malfunction current or fault

output occurs. When the measurement is completed, turn off all the power supplies in
the reverse order of start-up.

Connect the output polarities of the noise simulator in reverse and perform steps d) to
h). If necessary, perform steps c) to i) for other phases of the 3® AC input. However, it
is not possible to apply noise to the ground phase.
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— Specified conditions
a) Pull-up resistor Ry, R,;
b) Voltage of control circuit power supply B4, By;

c) Voltage of 3® AC input;
d) Voltage Vo of the noise simulator;

e) Ambient or case or virtual junction temperature T, or T or 7.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS A SEMICONDUCTEURS -

Partie 15: Dispositifs discrets — Dispositifs de puissance a
semiconducteurs isolés

AVANT-PROPOS

Lf Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatioh comp
e I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEGavpour obj
gdvoriser la coopération internationale pour toutes les questions de normalisation dansfes domaing
I'électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — publie des Nofmes internatior
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles\au:public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de 'lEC"). Leur élaboration est confiée & des comités d’études
trevaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisg
internationales, gouvernementales et non gouvernementales, en liaison avec IA\EC; participent égalemen|
travaux. L'IEC collabore étroitement avec I'Organisation Internationale decNormalisation (ISO), selon

Q.

[oX=3

copnditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesu
pessible, un accord international sur les sujets étudiés, étant donné quel€s-Comités nationaux de I'lEC intérg
spnt représentés dans chaque comité d’études.

Leés Publications de I'lEC se présentent sous la forme de regommandations internationales et sont ag
cpmme telles par les Comités nationaux de I'lEC. Tous lesefforts raisonnables sont entrepris afin que
s’lassure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsah

bventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ans le but d’encourager 'uniformité internationale, les)Comités nationaux de I'lEC s’engagent, dans to
esure possible, a appliquer de fagon transparentedes Publications de I'lEC dans leurs publications natio

régionales. Toutes divergences entre toutes\Rublications de I'IEC et toutes publications nationalg
dgionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

— 2 ® 30

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
fdurnissent des services d’évaluation del\conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n’est responsable d’aucun des services effectués par les organismes de certifig
indépendants.

[¢]

—

bus les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Licune responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses experts patticuliers et les membres de ses comités d’études et des Comités nationaux de
bur tout préjudice causé.en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que ce soit, dirécte’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép4
bcoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
 au crédit qui lGi.est accordé.

- 0Q3T< >

attention est/attirée sur les références normatives citées dans cette publication. L’utilisation de publicg
d4férencées est obligatoire pour une application correcte de la présente publication.

—r o

IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation
oy de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité d4
dyoit'de propriété revendiqué a cet égard. A la date de publication du présent document, I'lEC [avait/n’avai

osée
et de
s de
ales,
t des
, aux
tions
t aux
des

re du
ssés

éées
I'lEC
le de

te la
hales
s ou

fants
s de
ation

hires,
'IEC,
lque
nses
'IEC,

tions
d’un

tout
pas]

recu notifrcatiomqu o ou piusieurs brevets pouvaient etre meTessaiTes g sa ise e apptcation—Toutefors;

ily a

lieu d’avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I’adresse https://patents.iec.ch.

L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 60747-15 a été établie par le sous-comité 47E: Dispositifs discrets a semiconducteurs,

du comité d’études 47 de I'lEC: Dispositifs a semiconducteurs.

internationale.

Il s’agit d’une Norme

Cette troisieme édition annule et remplace la deuxieme édition parue en 2010. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)

Le texte—de-cette-Norme-internationale—est-issu-des-documents—suivantis-

les modules de puissance a semiconducteurs intelligents (IPM, Intelligent Power
semiconductor Module), qui étaient auparavant exclus des premiére et deuxiéme éditions,
sont désormais inclus dans le présent document (Annexe C);

la résistance thermique est décrite pour chaque interrupteur (6.2.4);

ajout d'un essai d’isolement entre le capteur de température et les bornes, en cas d’accord
avec l'utilisateur (6.1.2).

Projet Rapport de vote
47E/832/FDIS 47E/844/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouyiti a son approbation.

La

La version frangaise de la norme n’a pas été soumise au voté¢

Ce

angue employée pour I'élaboration de cette Norme internationale) est I’anglais.

document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les

Directives ISO/IEC, Partie 1 et les Directives ISOHMEC, Supplément IEC, disponibles s$ous
www.iec.ch/members_experts/refdocs. Les principaux types de documents développés| par

I'EQ sont décrits plus en détail sous www.iec.ch/publications.

La présente Norme internationale est a utiliser conjointement avec I'lEC 60747-1:2006 et[son

Amgndement 1:2010.

Unelliste de toutes les parties de lasérie IEC 60747, publiées sous le titre général Dispositifs

a sejmiconducteurs, se trouve sur le site Web de I'lEC.

Le cpmité a décidé que le cantenu de ce document ne sera pas modifié avant la date de stabilité

indi

rechierché. A cette daté;le document sera:

quée sur le site Web«deI'l[EC sous webstore.iec.ch dans les données relatives au docurment

neconduit,
Jupprimé, ‘ou

névisés
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DISPOSITIFS A SEMICONDUCTEURS -

Partie 15: Dispositifs discrets — Dispositifs de puissance a
semiconducteurs isolés

Domaine d’application

brésent document spécifie les exigences relatives aux dispositifs de puissang

Références normatives

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p
pur contenu, des exigences du présent document. Pour lés références datées, s
ion citée s’applique. Pour les références non datées, la derniére édition du documen
ence s’applique (y compris les éventuels amendementsy):
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60270:2015, Techniques des essais a haute-tension — Mesures des décharges partie
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60747-1:2006 Dispositifs a semiconducteurs — Partie 1: Généralités
60747-1:2006/AMBR1:2010

60747-2:2016, ‘Pispositifs a semiconducteurs — Partie 2: Dispositifs discrets — Diode

60747=6:2016, Dispositifs a semiconducteurs — Partie 6: Dispositifs discrets — Thyrist(

e a
s de
s de

artie
eule
t de

es

rgie

tion
fixe,

5 de

rs

tors

60747-7-2019 Dispositifs a semiconducteurs — Dispositifs discrets — Partie 7- Transis

bipolaires

IEC 60747-8:2021, Semiconductor devices — Part 8: Field-effect transistors (disponible en
anglais seulement)

IEC 60747-9:2019, Dispositifs a semiconducteurs — Partie 9: Dispositifs discrets — Transistors
bipolaires a grille isolée (IGBT)

IEC

60748 (toutes les parties), Dispositifs a semiconducteurs — Circuits intégrés

IEC 60749-5:2017, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climatiques — Partie 5: Essai continu de durée de vie sous température et humidité avec
polarisation


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

- 64 - IEC 60747-15:2024 © |EC 2024

IEC 60749-6:2017, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climatiques — Partie 6: Stockage a haute température

IEC 60749-10:2003, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climatiques — Partie 10: Chocs mécaniques

IEC 60749-12:2017, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climatiques — Partie 12: Vibrations, fréquences variables

IEC 60749-15:2020, Dispositifs a semiconducteurs — Méthodes d’essais meécaniques et

climgtigues —Partie 15 REsIstance a 1a temperature de brasage pour dispositifs par_tyous

traversants

IEC|60749-21:2011, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climatiques — Partie 21: Brasabilité

IEC|60749-25:2003, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et
climptiques — Partie 25: Cycles de température

IEC[60749-34:2010, Dispositifs a semiconducteurs — Méthodés-d’essais mécaniques et
climptiques — Partie 34: Cycles en puissance

3 [fermes et définitions
Pouf les besoins du présent document, les termes et définitions suivants s’appliquent.

L'ISD et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adrésse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

3.1
dispositif de puissance a Semiconducteur isolé
disppsitif de puissance a-sémiconducteurs contenant un isolant électrique intégral entre la
surface ou I'embase de.refroidissement et tous les éléments de circuit isolés

3.2
parties constitutives du dispositif de puissance a semiconducteur isolé

3.2.
intefrupteur
toutjcamposant qui réalise une fonction de commutation dans un circuit électrique, par exemple
diode thyristor, transistor a effet de champ métal-oxyde-semiconducteurs (MOSKET,
Metal-Oxide-Semiconductor Field-Effect Transistor), etc.

Note 1 a I'article: Un interrupteur peut étre une connexion paralléle ou en série de plusieurs puces avec une seule
fonctionnalité.

3.2.2

embase

partie du boitier comportant une surface de refroidissement qui transfére la chaleur de I'intérieur
vers |'extérieur
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3.2.3

borne principale

borne du circuit de puissance comportant un potentiel élevé et parcourue par le courant
principal

Note 1 a I'article: La borne principale peut comprendre plus d’un connecteur physique.

3.24

borne de commande

borne apte, en courant faible, a la fonction de commande et a laquelle sont appliqués les
signaux de commande externes ou de laquelle proviennent les parameétres de détection

3.2.4.1

borme de commande haute tension
borne connectée électriquement a un élément de circuit isolé, mais parcourue upiqguement par
le courant faible pour les fonctions de commande

Note |1 a I'article: Les exemples incluent les shunts de courant et les bornes d’'un capteur.comportant le potgentiel
élevd des bornes principales.

3.2.4.2
borpe de commande basse tension
borne comportant une fonction de commande et isolée des bornes de commande haute tension

Note|1 a I'article: Les exemples incluent les bornes des capteurs de température isolés et les entrées des cifcuits
d’attdque a grille isolée, etc.

3.2.%5
couthe d’isolant

partLe intégrée au boitier du dispositif qui isolé.toute partie dont le potentiel est élevé de la
surface de refroidissement ou du dissipateur.gxterne et de tout élément de circuit isolé

3.3
coufant de créte de non-rupture de-boitier
counant de créte, qui ne conduit pas’a une rupture du boitier, avec rejet de particules masgives
et d¢ plasma dans des conditions-spécifiques

3.4
materiau d’interface thermique
matgriau conducteur(dé chaleur placé entre 'embase et le dissipateur externe

4 BSymboles-littéraux

4.1 Généralités

Les Q\J/mhnlnc littéraux sont définis a 'Article 4 de 'lEC 60747-1:2006

4.2 Symboles et indices supplémentaires
p parasite

t borne

isol isolement
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4.3 Liste de symboles littéraux

4.3.1 Tensions et courants

Courant de borne Liot
Tension d’isolement Visol
Tension d’apparition de décharge partielle Vi
Tension d’extinction de décharge partielle Ve
Courant-de-fuited'tsoterment Trsol
4.3.2 Symboles mécaniques

Couple de serrage des vis du dissipateur My
Couple de serrage des vis des bornes M,
Forde de serrage F
Accglération dans chacun des 3 axes (X, Y, z) a
Maspe m
Planéité du boitier (embase) ec
Planeité de la surface du dissipateur eg
Rugpsité du boitier (embase) Rz
Rugpsité de la surface du dissipateur Rzg

Epalsseur du matériau d’interface thermique (boitier — dissipateur) d(c-s)

4.3.3 Autres symboles

Inductance parasite, effective entre bornes et puces Lo
Cappcité parasite entre les bornes et la surface de refroidissement
(boftier, embase, masse) Co

Rés|stance du fil entre\la'borne X et la connexion interne au dispositif x’

Température de horne 7
Nombre de cycles de puissance en charge jusqu’a défaillance

d’un| pourcentage p d’'une population de dispositifs Vi.o
5 N — (val limites) et téristi tiell

5.1 Généralités

Il convient que les dispositifs de puissance a semiconducteurs isolés soient spécifiés comme
des dispositifs évalués et garantis au niveau de leur boitier ou de leur dissipateur. Il convient
que les valeurs assignées et les caractéristiques soient établies a une température de 25 °C
ou une autre température plus élevée spécifiée. Les exigences pour plusieurs dispositifs ayant
une encapsulation commune sont décrites en 5.12 dans I'l|EC 60747-1:2006.
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Valeurs assignées (conditions limites)

|sol)

Valeur efficace ou continue maximale entre les bornes principales et les bornes de commande
haute tension d’'un c6té et les bornes de commande basse tension (le cas échéant) et 'embase
de l'autre c6té pour une durée spécifiée.

5.2.2 Courant de créte de non-rupture de boitier (le cas échéant)

Valeur maximale pour chaque borne principale qui n’entraine pas I'’éclatement du boitier ou un

dégagement de plasma et de particules.

5.2.

Vale
Spéq
(Ttm
5.2.4
5.2.4
Tem
d’ex
5.2.4
Tem
5.2.

5.2.

Cou

5.2.

Cou

5.2.

Ford
agra

8 Courant de borne (Ii.¢) (le cas échéant)

ur efficace maximale du courant qui traverse la borne principale dans\les condifions

ifiées au couple de serrage, M;, minimal, et & la température de borne maximale admis

bx — Tstg ou Ttmax < ijmax)'

| Températures

1.1 Température de brasage (7T,,,5) (le cas échéant)

sible

pérature maximale de brasage, T,,5, pendant le processus de brasage, pendant un temps

ecution du brasage, 1,55, Specifié.

.2 Température de stockage (74)

pératures de stockage minimale et maximale.

b Valeurs mécaniques assignée's

b.1 Couple de serrage des-vis du dissipateur (M)

ble de serrage minimal et:maximal qui doit étre appliqué aux vis de fixation du dissipa
b.2 Couple de serrage des vis de bornes (M)
ble de serrage minimal et maximal qui doit étre appliqué aux bornes a vis.

5.3 Force de serrage (F)

e de.serrage minimale et maximale pour les dispositifs montés par pression, a fixation
fesy’qui doit étre appliquée au dispositif de contact par pression isolée.

eur.

par

5.2.5.4 Force de traction sur les bornes (F)

Force maximale.

5.2.5.5 Accélération (a)

Valeur maximale dans chaque axe (x, y, z).

5.2.5.6 Planéité de la surface du dissipateur (eg) (le cas échéant)

Ecart maximal de planéité concernant la surface du dissipateur sur 'ensemble de la zone de

mon

tage.


https://iecnorm.com/api/?name=a001c083c799408e011dce21a0b92edd

- 68 — IEC 60747-15:2024 © |EC 2024

5.2.5.7 Rugosité de la surface du dissipateur (R,¢) (le cas échéant)

Rugosité maximale de la surface du dissipateur sur 'ensemble de la zone de montage.

5.2.6 Valeurs climatiques assignées (le cas échéant)
Les valeurs limites des paramétres d’environnement pour I'application finale sont les suivantes:

— température ambiante;
— humidité;

— \ltesse et pression d air,

— ifradiation du soleil et d’autres sources de chaleur;
— gubstances actives mécaniques;

— gubstances actives chimiques;

— problémes biologiques.

Elle$ doivent étre décrites dans les classes spécifiées dans I'lEC 6072143-3:2019, Tableal 1.

5.3 | Caractéristiques
5.3. Caractéristiques mécaniques

5.3.11 Distance de ligne de fuite sur la surface (d,)

Valdur minimale de la distance sur la surface du matériau isolant du dispositif entre les bofnes
de différents potentiels et 'embase.

NOTE 1 L'IEC 60112:2020 (détails sur I'indice de résistance au cheminement "IRC") et I'lEC 60664-1:2020} 5.2,
s’appliquent.

NOTE 2 Des intervalles d’air entre une surfacelen plastique et du métal relié a la masse ou entre des bornes de
polar|té opposée inférieure a 1,0 mm (pour un-degré de pollution 2), ou 1,5 mm (degré de pollution 3) raccourcigsent
consildérablement I’estimation de la ligne (de fuite (pour les détails, voir IEC 60664-1:2020, Exemples). Ce¢i est
impoftant si de la poussiére, de I’hnumidité ou des salissures commencent a recouvrir la surface et augmentent|ainsi
le coyirant de fuite en surface, qui peut provoquer la combustion du matériau en plastique d’enrobage.

5.3.1.2 Distance d’isolement dans I’air (d,)

Valgur minimale de_la distance dans I'air, entre les bornes de polarité différente du dispositif
isolg et I'embase,

NOTE Pour pluside détails, voir IEC 60664-1:2020, 4.6 et 5.1, qui présentent des exemples types de différgntes
formgs de distances d’isolement.

5.3.1.3 Masse (m) du dispositif

Valeur maximale sans accessoires (matériels de montage).

5.3.1.4 Planéité du boitier (embase) (e¢.) (le cas échéant)

Ecart maximal et minimal de planéité admissible pour 'embase et sa direction (convexe ou
concave).

5.3.2 Inductance parasite (L)

Valeur maximale ou typique entre les bornes principales de chaque chemin de courant principal.
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5.3.3 Capacités parasites (Cp)

Valeur maximale de la capacité parasite entre la ou les bornes principales spécifiées et la
surface de refroidissement.

5.3.4  Tension d’apparition de décharge partielle (Vjy ou Vi) (le cas échéant)

Valeur de créte minimale, Vjy, ou valeur efficace, Vs, entre les bornes isolées et 'embase
(pour les détails, voir IEC 60270:2015).

Valgqur de créte minimale, Vg, ou valeur efficace, Vg ), entre les bornes isolées et-€émbase
(pour les détails, voir IEC 60270:2015).

5.3.[‘ Résistances thermiques
1

5.3.6. Résistance thermique jonction — boitier (Rth(j-c)X) pour lés dispositifs

spécifiés au niveau du boitier

Valgur maximale de la résistance thermique de la jonction a up~point de référence spécifig au
nivepu du boftier (embase) par interrupteur "X" [par exemple_dg’la diode (D), du thyristor|(T),
du fransistor bipolaire a grille isolée (IGBT, Insulated-Gate Bipolar Transistor) (I) oy du
MOSFET (M)].

5.3.6.2 Résistance thermique boitier — dissipateur (Rth(c_s)) (le cas échéant)

Valgur maximale ou typique de la résistance thefmique entre deux points spécifiés au niyeau
du RQoitier et au niveau du dissipateur du dispositif spécifié au niveau du boftier ("module"),
lorsque le boftier est monté conformément aux instructions de montage du fabricant.

5.3.6.3 Résistance thermique boitier — dissipateur par interrupteur (Rth(c-s)X) (le cpas

échéant)

Valgur maximale ou typiquesdea résistance thermique entre les deux points spécifiés du bqitier
et dy dissipateur de l'interrupteur "X" [par exemple de la diode (D), du thyristor (T), de I'lGBT
(1) op du MOSFET (M)l.des dispositifs isolés spécifiés au niveau du boitier ("module"), lorgsque
le boitier est monté conformément aux instructions de montage du fabricant.

5.3.6.4 Résistance thermique jonction — dissipateur (Rth(j-s)x) pour les dispositifs

spécifiés avec dissipateur

Valgur maximale ou typique de la résistance thermique de la jonction a un point spécifi¢ au
nivepu<du dissipateur par interrupteur "X" [par exemple de la diode (D), du thyristor (T
G : . " ; .
de montage du fabricant.

5.3.6.5 Résistance thermique jonction — capteur (Ry, j.;)) (le cas échéant)

Valeur de la résistance thermique de la jonction a un capteur de température intégré, lorsque
le dispositif est monté conformément aux instructions de montage du fabricant.

Il convient de présenter la position de cette résistance thermique dans le circuit équivalent de
la résistance thermique.
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5.3.7 Impédance thermique transitoire (Z,)

Impédance thermique en fonction du temps écoulé aprés une variation d’échelon de dissipation
de puissance pour chaque résistance thermique spécifiée en 5.3.6 et qui doit étre spécifiée
selon une des maniéres suivantes.

6 Méthodes de mesure

6.1  Vérification de la valeur assignée de tension d’isolement

6.1. Vérification de la valeur assignée de tension d’isolement entre bornes et
embase (Vigo)
— Objectif
[Démontrer la capacité du dispositif de puissance isolée a supporter la tension” d’isolement
gssignée.

— $chéma du circuit

oir Figure 1.

HO O GhOw,

oo

)
Capteur de température yh

Embase

—®
— E IEC
Légehde
DUT dispositif en essai
G source de tensjen a haute impédance, capable de délivrer V;_ |
S interrupteur principal
\% voltmétresde mesure de V_
A ampéremétre ou sonde de courant de mesure de lisol
Hy...H, barne a potentiel élevé

au claquage de I'isolement ("essai a potentiel élev

~ 1
é") avec Vg

La source de tension G est capable de délivrer la tension d’isolement, V,,, alternative ou

continue, avec une impédance interne élevée afin de limiter une éventuelle pointe de
courant en cas de claquage du dispositif en essai (DUT, Device Under Test).

Toutes les bornes principales et les bornes de commande haute tension sont connectées
ensemble, ainsi qu’a la borne de sortie a potentiel élevé H de la source de tension G.
L’embase du DUT, c’est-a-dire sa surface de refroidissement métallisée et toutes les bornes
basse tension sont connectées au potentiel de la masse E. Un ampéremétre ou une sonde
de courant A est inséré pour mesurer le courant de fuite d’isolement.

Sous réserve d’un accord avec l'utilisateur, effectuer un essai d’isolement entre le capteur
de température et les bornes (Vg 1) (voir 6.1.2).
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6.1

6.2
6.2

.2 Vérification de la valeur assignée de tension d’isolement entre le capteur de

Procédure d’essai

L'interrupteur S est fermé et la tension est augmentée progressivement jusqu’a la va
spécifiée et maintenue a cette valeur pendant la durée spécifiée. Le courant mesuré

leur
sur

I'ampéremétre A ne doit pas dépasser la valeur spécifiée. La tension est alors réduite a

zéro.

Conditions spécifiées:

spécifiées dans I'lEC 60664-1:2020:

e température ambiante ou du boitier;
* Visolrs

4 I, en tant que limite maximale d’essai;

4 temps d’essai, ¢, si inférieur a 60 s.

température et les bornes (Vigo11)

Dbjectif

Ie cas ou le capteur de température est connecté au potentiel de fembase.
$chéma du circuit
oir Figure 2.

HO O O OH,

5« <V> L 010

|

&l

Capteur de température [_& :
T

K\\O

Embase

A

4N
T\
— E

IEC

Figure 2, —\Schéma du circuit de base pour I’essai de tension d’isolement
entre le capteur de température et les bornes (Vigo11)

Description et exigences du circuit, procédure d’essai et conditions spécifiées

$imilaire a celle décrite en 6.1.1, mais en option, une tension d’essai inférieure Vg4

érifier que la tension d’isolement entre le capteur de température, ét.les autres bornes dans

peut

atre.spécifiée et appliquée.

Méthodes de mesure

A1 Tensions d’apparition et d’extinction de décharge partielle (V;) (V)

Entre les bornes a potentiel élevé et I'embase (le cas échéant). Voir IEC 60270:2015 et
IEC 60664-1:2020.

6.2

.2 Inductance parasite (L

o)
Objectif

Mesurer I'inductance parasite entre deux bornes principales.
Schéma du circuit

Voir Figure 3.
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Légehde

DUT

~

DUT

4 ®

- =4 -+
N

w

pn

VCE

dispositif en essai T,+T,, par exemple IGBT [simple ou double (représenté) ou branche

configuration triphasée], dispositif a MOSFET ou diode rapide

batterie de‘condensateurs principaux en tant que réservoir

inddctance de charge, égale a au moins 100 fois I'inductance parasite

parties de I'inductance parasite, Lp

sonde de courant

IEC

fi'une

Figure 3 — Schéma du circuit pour la mesure des inductances parasites (L

Y ; L ! o "
SoUrce OC eSO potr-— cirargerre-conaenSateut

DUT, interrupteur supérieur (représenté comme IGBT a la Figure 3)

DUT, interrupteur inférieur (représenté comme IGBT a la Figure 3), facultatif

interrupteur IGBT auxiliaire

o)
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VCE

Vstep

@
-

1)

dlDUT/dl

ipuT

IEC

Figure 4 — Formes d’onde

Description et exigences du circuit
e circuit représenté a la Figure 3 est constitué d’'unealimentation en courant contin
our le réservoir de charge C, d’un interrupteur auxiliaire T, d’'une unité de command
rille T3, du DUT inséré dans le montage d’essai‘avec les bornes de commande de ¢
ourt-circuitées, d’un oscilloscope a deux canaux qui mesure la tension v entre les bo
rincipales "C," et "E,", d’'une sonde de cgurant qui mesure le courant ip 1 qui traverg

iode du DUT, connectée a l'oscilloscope*a deux canaux. Cette méthode de mesure uf
ne tension réduite, V¢, et le di/dz des diodes incorporées dans le dispositif a la coug

hesurant la tension aux bornes prifcipales a I’extérieur. Cette méthode peut étre util
our les dispositifs a interrupteur simple, ainsi que pour les dispositifs a circuits
emi-pont (modules DOUBLES).

Procédure de mesure

es formes d’onde observées par cette mesure sont représentées a la Figure 4.
Une méthode a impulsions de courant est utilisée. Le transistor auxiliaire T4 établit et cg
e courant de chiarge de la bobine d’inductance L. Lorsque T5 se bloque, le courant cir
n roue libre.dans les diodes du DUT. Lorsque T; est a nouveau passant, il provoqy

hute du.caurant dans les diodes suivant une pente presque linéaire dip;1/ds. Pendar
EMps{(z.= ), la tension aux bornes du DUT s’établit & I'échelon de tension, Ve, Provd

ar Kinductance parasite interne lorsque le courant diminue (dipyt/d¢). La valeuf

uG
e de
yrille
rnes
ela
ilise
ure,
isée

en

upe
cule
e la
t ce
qué

de

[
L
R
d
g
!
g
l
N
R
q
R
L
L
I
g
g
t
!
I

indtctance parasite du chemin du courant principal peut étre calculée a 'aide de I'équd

tion

suivante:

Ly = Vstep I [(dipy/di)|

(1)

Utiliser une barre omnibus de faible inductance (en feuilles) et une sonde de courant de faible

indu

ctance.
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6.2.3 Capacité parasite borne — boitier (Cp)

Objectif

Mesurer la capacité parasite, Cp, entre la ou les bornes principales spécifiées et le boitier
(embase).

Schéma du circuit

Voir Figure 5.
H
o—
o DUT
o—
b
V1 A b |
1
.
e 6
CM |, )~ Embase
Vs |
— IEC
Légende
Cp capacité parasite
H borne a potentiel élevé
CM capacimetre

6.2.4 Caractéristiques thermiques

Figure 5 — Schéma de circuit pourla mesure de la capacité parasite (Cp)

Procédure de mesure

lonter le dispositif sur un dissipateur relié a la masse conformément aux instructiong de
nontage du fabricant. Raccorder’le connecteur de la source de courant "I1" du capacinjétre
LM a la borne spécifiée, etle connecteur "l," a la masse (embase) du DUT. Brancher le

onnecteur de mesure dg tension du capacimétre aux points d’essai "V," et "V," a la masse.
CM est réglé a la fréguence spécifiée. La capacité Cp peut étre lue sur CM. Pour la mepure
e la capacité de,couplage totale, Cp, connecter toutes les bornes principales les unes|aux
utres et effectlerla mesure comme décrit ci-dessus.

Q0O N O o= — -

Conditions, spécifiées:
4 fréquence de mesure, f, du CM.

6.2.4.1 Description générale des méthodes de mesure

Objectif

Mesurer les caractéristiques thermiques entre [linterrupteur et le systéme de
refroidissement.

Points de référence pour la mesure et la description de la température

Il convient d’employer les mémes méthodes que pour le dispositif non isolé correspondant.
La résistance thermique et I'impédance sont mesurées comme cela est décrit dans les
documents suivants: I'IEC 60747-2:2016 pour les diodes, I'lEC 60747-6:2016 pour les
thyristors, I'lEC 60747-7:2019 pour les transistors bipolaires, I'lEC 60747-8:2021 pour les
FET et '|EC 60747-9:2019 pour les IGBT.
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i
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température de jonction de la puce X

IEC

hde

température du bofitier sous la puce X

température du dissipateur sous la puce X

Figure 6 — Section transversale d’un dispositif de puissance isolé avec
des points de référence pour la mesuse des températures 7, et T
Procédure de mesure

a vue en coupe d’un dispositif de puissance isolé est représentée a la Figure 6.

ans un petit trou qui traverse le dissipateur et tout matériau d’interface thermique
interrupteur X (puce). Tgx est mesurée par le dessus au point le plus chaud accessible

lus prés de l'interrupteur X (puce), ou par le dessous dans un trou borgne spécifié do
pnd est a (2 £ 1) mm en deSsous de la surface du dissipateur (a spécifier, montage d’¢

ndividuels.

ous,
JoIUE
, au
nt le
ssai

Vpe). T\jx est déterminée*a l'aide de méthodes indirectes décrites dans les documgnts

tres

es resistances (thermiques, Rip(j-s) et Rip(c-s). dépendent de plusieurs paramé

onvient de fa‘\spécifier dans les instructions de montage du fabricant, par exemple 3
50 cm)¥écart maximal de planéité de la surface de refroidissement de I'embas

ispositif-et du dissipateur et le couple de serrage des vis de fixation, selon des direct
e montage spécifiées.

ou

vj

cX

nécaniques tels/que le type et I'épaisseur du matériau d’interface thermique utiIi?{, (il

ocm
du
ives

Ring-c)x = (Tyjx = Tex)/Px

est D (diode), T (thyristor), | (IGBT), M (MOSFET), B (BJT);
est la température de jonction virtuelle de l'interrupteur X;

est la température du boftier (embase) sous I'interrupteur X (puce);

est la dissipation de puissance a chaque interrupteur D, T, I, M et B.

(2)
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Un deuxiéme indice peut étre nécessaire pour distinguer plusieurs dispositifs dans un produit
(par exemple les IGBT d’onduleurs et les IGBT de freinage).

6.2.4.3 Résistance thermique boitier — dissipateur par interrupteur (X) Ryp(c.s)x oU
par dispositif Ry, c.g)

Rin(c-s)x = (Tex — Tsx)/Px (3)

X est D (diode), T (thyristor), | (IGBT), M (MOSFET), B (BJT);
Tex est la température mesurée au point spécifié du boitier (comme ci-dessus) sous la puce;

Tox est la température du dissipateur, mesurée au point de référence pouryles essais T
spécifiés;

Py est la dissipation de puissance a chaque interrupteur D, T, I, M gt .B;

P est la dissipation de puissance appliquée du dispositif complét.

Un deuxiéme indice peut étre nécessaire pour distinguer plusieurs’dispositifs dans un prgduit
(parlexemple les IGBT d’onduleurs et les IGBT de freinage).

— Conditions spécifiées:
4 montage conformément aux instructions du fabricant;
4 conductivité thermique du matériau de l'interface thermique;

4 points de référence pour la mesure thermique.
NOTE L’Annexe B fournit une méthode de mesure de'I'épaisseur d’un matériau d’interface thermique.

6.2.4.4 Résistance thermique jonction — dissipateur par interrupteur (X), Rip(j-s)x
(pour dispositifs spécifiés avec dissipateur)

Rin-s)x = (Tyjx — Tsx)/Px (4)
ou
X est D (diode), T (thyristor), | (IGBT), M (MOSFET), B (BJT);
Tyix est ladempérature de jonction virtuelle de I'interrupteur X;
Tsx est'la température du dissipateur, mesurée au point de référence pour les essais T
Spécifiés;
Py est Ia dissipation de puissance a chaque interrupteur D, T, T, M et B.

Un deuxiéme indice peut étre nécessaire pour distinguer plusieurs dispositifs dans un produit
(par exemple les IGBT d’onduleurs et les IGBT de freinage).

— Conditions spécifiées:
e montage conformément aux instructions du fabricant;
e conductivité thermique du matériau de l'interface thermique;

e points de référence pour la mesure thermique.
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6.2.4.5 Impédance thermique transitoire, Z,

— Circuit et procédure de mesure

Ils sont fondés sur 6.2.4.2 a 6.2.4.4. Les documents individuels des dispositifs non isolés
s’appliquent.

Zin(j-e)x = (ITyjx(0) = Tox(0)] = |Tyjx(2) = Tox(0)]) / Px (5)
Zin(c-s)x = (ITex(0) = Tox(0)| = |Tcx(1) = Tsx(0)I) I Px (6)
Zin(-s)x = (Tyjx(0) = Tsx(0)| = |Tyjx (1) — Tsx(0)]) I Py (7)

— Conditions spécifiées:
4 montage conformément aux instructions du fabricant;
4 conductivité thermique du matériau de l'interface thermique;

points de référence pour la mesure thermique.
7 Réception et fiabilité

7.1 Exigences générales

Outrle les paragraphes suivants, les exigences applicables aux dispositifs non isolés indiqués
dang les autres parties applicables de JAEC 60747 s’appliquent.

7.2 Liste des essais d’endurance

Voir|Tableau 1.

Tableau 1 — Essais d’endurance

Paragraphe Essais d’environnement — désignation Forme Référence
abrégée normative
7.2.1 Polarisation inverse a haute température ou blocage a haute HTRB IEC 60749-5
température
n2.2 Polarisation inverse a forte humidité et a haute température H3TRB IEC 60749-5
ou blocage a forte humidité et haute température
7.2.3 Aptitude aux cycles en puissance (charge) IEC 60749-34
7.2.4 Stockage a haute température HTS IEC 60749-6
7.2.5 Stockage a basse température LTS IEC 60068-2-1
7.2.6 Cycles thermiques TC IEC 60749-25
7.2.7 Résistance a la température de brasage IEC 60749-15
7.2.8 Brasabilité IEC 60749-21
7.2.9 Chocs mécaniques IEC 60749-10

7.2.10 Vibrations (fréquence variable) IEC 60749-12
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7.3 Critéres de définition de la réception
Voir Tableau 2.
Tableau 2 — Caractéristiques définissant la réception pour les essais
d’endurance et de fiabilité
Caractéristique définissant la Critéres d’acceptation Conditions de mesure
réception
Tigol < USL Visol SPECIfiéE
Ry < USL Instructions de montage
USL} limite supérieure de la spécification (Upper Specification Limit).
7.4 | Essais de type et essais individuels de série
7.4. Essais de type

sem
inte

Les

Il c]nvient de considérer lI'expérience obtenue avec d’autres dispositifs de puissang

conducteurs isolés, utilisant des composants identiques ‘ou~ similaires, tels que
rupteurs ou des boitiers, pour décider quels essais sont obligatoires.

essais de type sont effectués sur des produits neufs, par échantillonnage, afin

e a
des

de

déterminer les valeurs assignées (valeurs limites) des caractéristiques électriques, thermiques,

méc|

essgis pour de futurs essais individuels de série. [hconvient que certains ou tous les es

soie
livra
exig

Les

Il copvient que les dispositifs de(puissance a semiconducteurs isolés neufs soient soumis
is de type énumérés dans-le Tableau 3, marqués par un "X" (X = obligatoire). Cerfains
essgis de type sont destructifs.

€884

Tlableau 3 — Essaisyminimaux de type et individuels de série pour les dispositifs d

aniques et climatiques a faire figurer dans la fiche technique et d’établir les limites
ht répétés de temps en temps sur des échantillons prélevés de la production ou

fsons courantes, afin de confirmer que la>qualité du produit satisfait continuellement
ences.

essais de type a effectuer au minintdm sont les suivants.

puissance a semiconducteurs isolés

des
sais
des
aux

aux

(]

Pdragraphe Points Essais de Essais Destrudtif
type individuels
de série

5.2.1, 61 Tension d'isolement (Vig,), (Vigor) X X
5.2.7; courant dg créete de non-rupture de boiter X = X
Annexe A
5.3.1 Dimensions d’encombrement, ligne de fuite, X

distance d’isolement
53.1.4 Planéité de 'embase X X P
5.3.6,6.2.4 Résistance thermique (R,;) X
5.3.7,6.2.4.5 Impédance thermique transitoire (Z,,) X
5.3.2,6.2.2 Inductance parasite (Lp) X a
5.3.3,6.2.3 Capacité parasite (Cp) X a
5.3.4,5.3.5, Tension de décharges partielles X a X P
6.2.1

(Vim OU Vigggr ) | (Vo OU Vgt )
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Paragraphe Points Essais de Essais Destructif
type individuels
de série
5.2.5.4 Force de traction sur les bornes (F,) X X
7.26¢ Cycles thermiques X X
7.23¢ Cycles en puissance (charge) X X
7.2.9°¢ 7.2.10 ¢ | Choc mécanique/vibrations X X
5.2.6 Caractéristiques climatiques X a
NOTE__llconvient que. les essais de tension d’ mnlnmnnf de tension de dnnharnn nnrhalla de ||nna de fuite et de
distgnce d’ |solement soient basés sur chaque norme, et il convient que cette dernlere soit appllquee a tout matgriel
finallutilisant le dispositif de puissance a semiconducteurs isolé. Par exemple, voir IEC 62368-1, IEC 61287-1 | etc.
a8 [Essai de type uniquement pour les dispositifs avec valeurs maximales spécifiées.
b Essaiindividuel de série uniquement pour les dispositifs avec valeurs maximales ou minimaleés \$pécifiées
¢ oir le Tableau 1 pour les références normatives des essais.
7.4.2 Essais individuels de série
Il cojpvient d’effectuer normalement les essais individuels de série sur 100 % de la produgtion
ou des livraisons courantes. Il convient de vérifier les valeursidssignées et les caractéristiques
spégifiées dans les fiches techniques pour chaque critére 'ou éprouvette. L’essai individugl de
sérig¢ peut comprendre une sélection des dispositifs isolgs dans les groupes d’essais individuels
de gérie figurant dans le Tableau 3. Le Tableau 3 énumere les essais individuels de série a
effe¢tuer au minimum sur les dispositifs isolés. D’autres essais individuels de série psont
effe¢tués comme décrit dans les autres partiessde I'IEC 60747 valables pour l'interrugteur

donm

é.
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Annexe A
(informative)

Méthode d’essai du courant de créte de non-rupture de boitier 1

Objectif

Prouver la capacité du dispositif de puissance isolé contenant des transistors bipolaires, des
IGBT ou des MOSFET utilisés comme interrupteurs a supporter le courant de créte de non-

ruptf

d’unjjet de plasma ou de rejet de particules massives. Il s’agit d’'un essai destructif.

Une
I’'énd

la pression de vapeur est induit dans un boitier (encapsulation) de dispositifs de puiss

defd|i

extéfieure. Il convient que le courant ou I’énergie critique pour les boitiérs aprées la défaill

du di
plus

autres parties électriques.

NOTE

A.2

Voir

re de boitier assigne, sans provoquer de rupture ("explosion") du boitier ni le degagefent

rupture de boitier est provoquée par un arc intérieur ou une pression de vapeur, lors
rgie ou le courant délivré par une source extérieure dépasse la limite spécifiee. L’ar

llants en étant alimenté par I’énergie ou le courant stocké d’'une source de puiss}

spositif soit déclaré comme un élément des propriétés environnementales du boitier{
il convient d’éviter toute explosion accidentelle pour le semiconducteur, ainsi qus

L’Annexe A est applicable sous réserve d’un accord avec I'utilisateur.
Schéma du circuit

Figure A.1.

T E

ncore en délibération.
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nce
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ampéremétre pour mesurer le courant du dispositif, qui peut étte’ |e courant de créte de non-ruptu
boitier, si le boitier n'a pas éclaté, surveillé par une sonde de,courant ayant une faible inductance

batterie de condensateurs de ligne, pouvant étre chargég a la tension maximale

diode antiparalléle de T,, c6té haut
diode antiparalléle de T,, c6té bas

source de tension d’alimentation en courant,continu, V., qui peut étre déconnectée du réseau
toutes les conditions

unité de commande de grille de T,

unité de commande de grille de T;

inductance de charge

inductance parasite du_cireuit (valeur spécifiée)
résistance de décharge a des fins de protection
résistance de grille de T,

résistanceide-grille de T,

résistance interne de la source

résistance fusible, le plus souvent nulle

interrupteur auxiliaire (IGBT), coté haut

re de

dans

interrupteur auxiliaire (IGBT), c6té bas

interrupteur IGBT c6té haut = dispositif en essai (DUT)
interrupteur IGBT cb6té bas

courant de charge

tension de grille de T,

tension de grille de T,

Figure A.1 — Schéma du circuit pour I’essai du courant
de créte de non-rupture de boitier
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