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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Semiconductor devices - Mechanical and climatic test methods -
Part 34-1: Power cycling test for power semiconductor module

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internationai
co-operation on all questions concerning standardization in the electrical and electronic fields. To this ei 1 and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical'Rep. rts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). The'r
preparation is entrusted to technical committees; any IEC National Committee interested in the subject (=alt vith
may participate in this preparatory work. International, governmental and non-governmental orga:.iza ‘ons . 'aising
with the IEC also participate in this preparation. IEC collaborates closely with the International » rgar. z=.ion for
Standardization (ISO) in accordance with conditions determined by agreement between the two org ~nizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possii'e, an international
consensus of opinion on the relevant subjects since each technical committee has icpre entation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are ~ccepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that (ne cchnical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in wich hey are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committecs indertake to apply IEC Publications
transparently to the maximum extent possible in their national and regiana. hubiications. Any divergence between
any IEC Publication and the corresponding national or regional publ cation snall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. i~dep »nac =t certification bodies provide conformity
assessment services and, in some areas, access to IEC ma.“s ¢’ conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition o1 *his publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC Natic nal Committees for any personal injury, property damage or
other damage of any nature whatsoever, whe .~r direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, us> cf, ur reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative rofer. nces cited in this publication. Use of the referenced publications is
indispensable for the correct applica ion »f this publication.

IEC draws attention to the poss.hilit: that the implementation of this document may involve the use of (a)
patent(s). IEC takes no positi©ii « oance.ning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date ¢\ publication of this document, IEC had not received notice of (a) patent(s), which
may be required to imple~ent ...’ document. However, implementers are cautioned that this may not represent
the latest information, whici. may be obtained from the patent database available at https://patents.iec.ch [and/or]
www.iso.org/patents. IEC shail not be held responsible for identifying any or all such patent rights.

IEC 60749-34-1 has .een prepared by subcommittee IEC technical committee TC 47:
Semiconduct-r acvices. It is an International Standard.

The tex* of this International Standard is based on the following documents:

Draft Report on voting

47/2902/FDIS 47/2924/RVD

~ull 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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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, and the
ISO/IEC Directives available at www.iec.ch/members_experts/refdocs. The main document
types developed by IEC are described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60749 series, published under the general title Semiconductor
devices — Mechanical and climatic test methods, can be found on the IEC website.

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

e reconfirmed,

e withdrawn, or

e revised.
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INTRODUCTION

A power semiconductor module is affected by thermal and mechanical stress due to the power
dissipation of the internal semiconductor dies and connectors. This occurs when low-voltage
operating bias for forward conduction is periodically applied and removed, causing rapid
changes in temperature. The power cycling test is intended to simulate the temperature swing
in typical power electronics applications, which is different from the stable temperatures
reached under the high temperature operating life (HTOL) test as shown in IEC 60749-23.
Exposure to the power cycling test would not induce the same failure mechanisms as exposure
to the thermal cycling test, or thermal shock test. The power cycling test is a destructive test
that will cause wear-out failure of the device under test (DUT) if it is driven above the
specification of the device.

The power cycling test is applied to general power semiconductor modules such as for e,.ample
those used for motor control, robots, and renewable energy generation. The power cyc'ing test
has two modes: a short-time test (based on a short cycle time) that simulates rapic accele-ation
and deceleration of the equipment, and a long-time test (based on a long cyc2 ti2e) that
simulates repeated operation and stop of the equipment. The short-time test mainly v =rifies the
effect of the temperature change of virtual junction temperature (ij) and causes the

deterioration of the joint between the semiconductor die and the wire, and thau ¢ the die attach
under the semiconductor die. The long-time test verifies the effect of the te npe’ature change
of case temperature (7,) and causes the deterioration of the joining I~y:er 2ecween the metallic

base plate and the insulating substrate, and the deterioration o1 the die attach under the
semiconductor die.

The power cycling test is performed in two cases: as a cer‘incat.an test for the products whose
power cycling lifetime model has already been confirmea, and as a lifetime model validation
test for the products whose lifetime model has nut Lren confirmed. The purpose of the
certification test is to verify that the product has a lorger ife than the specified number of cycles.

Moreover, the purpose of the lifetime model validation test is to statistically estimate the power
cycling lifetime model from the test results and.obtain the expected lifetime model of power
modules. This is essential when customer. design the lifetime of their products.
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1 Scope

This part of IEC 60749 describes a test method that is used to determine the capability of power
semiconductor modules to withstand thermal and mechanical stress resulting from cycling the
power dissipation of the internal semiconductors and the internal connectors. It is based on
IEC 60749-34, but is developed specifically for power semiconductor module products,
including insulated-gate bipolar transistor (IGBT), metal-oxide-semiconductor field-effect
transistor (MOSFET), diode and thyristor.

If there is a customer request for an individual use or an application specific guideline (for
example ECPE Guideline AQG 324), details of the test method can be based on these
requirements if they deviate from the content of this document.

This test causes wear-out and is considered destructive.

2 Normative references

The following documents are referred to in the text in such a way that some or ali of their content
constitutes requirements of this document. For dated references, only the «~ditic: cited applies.
For undated references, the latest edition of the referenced dociime~t (iacluding any
amendments) applies.

IEC 60191-4, Mechanical standardization of semiconductor devices — Part 4: Coding system
and classification into forms of package outlines for semicondictar device packages

IEC 60747-2:2016, Semiconductor devices — Part 2: Diccrete Jevices — Rectifier diodes
IEC 60747-6:2016, Semiconductor devices — Part 5. Discrete devices — Thyristors

IEC 60747-8:2010, Semiconductor devices - Discrete devices — Part 8: Field-effect transistors
IEC 60747-8:2010/AMD1:2021

IEC 60747-9:2019, Semiconductor d:vi.es — Part 9: Discrete devices — Insulated-gate bipolar
transistors (IGBTS)

IEC 60749-34, Semiconductor uov'ces — Mechanical and climatic test methods — Part 34: Power
cycling

3 Terms and definitions
For the purpogec of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
address3s:

I-C Elzctropedia: available at https://www.electropedia.org/
» .50 Online browsing platform: available at https://www.iso.org/obp

NOTE Further terms and definitions pertaining to semiconductor devices can be found in the IEC 60747 series and
IEC 60749 series.
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