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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Semiconductor devices -
Generic semiconductor qualification guidelines -
Part 3: Guidelines for reliability qualification plans
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 international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this 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 National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 63287-3 has been prepared by IEC technical committee 47: Semiconductor devices. It is
an International Standard.

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

Draft Report on voting

47/3015/FDIS 47/3026/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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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, 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 63287 series, published under the general title Semiconductor
devices - Generic semiconductor qualification guidelines, 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

— reconfirmed,

— withdrawn, or

— revised.
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INTRODUCTION

When performing qualification tests, semiconductor device vendors prepare a specific reliability
test plan upon consultation with semiconductor device users in order to efficiently carry out the
reliability test.

This guideline presents examples of methods for preparing test plans to determine appropriate
reliability test conditions, based on the level of quality required in the operating environments
of various applications of power semiconductor modules. As a target of reliability, grades have
been specified for each of the following applications: automotive, industrial and consumer
electronics. Based on the number of annual operating hours, use period and other parameters
assumed for each grade, this guideline defines verification methods for the wear-out failure,
and proposes appropriate reliability tests. This guideline defines the concept of quality
assurance from early failure to wear-out failure. It also presents approaches to appropriately
ensure the reliability of power semiconductor modules.

The test conditions and the acceleration factor values presented in this guideline are only
examples used for setting reliability test conditions to verify a required level of quality.

NOTE Qualification tests are tests performed by power semiconductor device vendors, taking into account the
quality required by the users of their products.
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1 Scope

This part of IEC 63287 specifies guidelines for a reliability qualification plan for power
semiconductor modules to assure reliability targets over the entire product life.

Power semiconductor modules with incorporated control circuits are excluded. Clamped
packages that need external pressure for being mounted in a system are excluded, e.g. disc-
type pressure pack devices.

This document is not intended for medical, military, aeronautics and astronautics-related
applications.

NOTE Throughout the document, the term power semiconductor module refers to multichip semiconductor power
modules as defined in 3.3.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 63287-1:2021, Semiconductor devices - Generic semiconductor qualification guidelines -
Part 1: Guidelines for IC reliability qualification

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

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

— |EC Electropedia: available at https://www.electropedia.org/
— IS0 Online browsing platform: available at https://www.iso.org/obp

3.1
failure mode
classification of a fault phenomenon which causes product failure

Note 1 to entry: Disconnection, a short circuit, occasional loss, abrasion, characteristic deterioration, etc., are
typical items considered as failure modes.

3.2

failure mechanism

physical, chemical or other process that results in a failure mode, which leads to a product that
fails to meet functional requirements

3.3

power module

isolated or non-isolated semiconductor module with two or more semiconductor chips,
according to the package outline style code “MP” specified in IEC 60191-4

Note 1 to entry: The predominantly used package body material is plastic (including epoxy) according to
IEC 60191-4 and both the frame based and resin based embodiment are possible.

3.4
mode A failure
early failure with a decreasing failure rate due to extrinsic defects

6
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3.5
mode B failure
random failure with relatively constant failure rate

Note 1 to entry: End of mode B regime limits the use period of a power semiconductor module.

3.6
mode C failure
wear-out failure with increasing failure rate due to intrinsic limitation of lifetime

3.7

bathtub curve

plot of failure rate versus time or cycles that exhibits three phases of life: infant mortality
(decreasing failure rate), random failure period (relatively constant failure rate), and intrinsic
wear-out (increasing failure rate)

4 Product categories and applications

4.1 Quality grade by application

Level of quality, operating hours and operating environment required for power semiconductor
modules in the market are varied, depending on the application of products for which power
semiconductor modules are used. As an example of a method for preparing test plans, this
guideline has grouped the applications into three major grades of requirements, namely the
automotive, the industrial and the consumer electronics application. For each grade, the
required level of quality and its preconditions are defined, as shown in Table 1.
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