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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES - RELIABILITY TEST METHOD BY INDUCTIVE
LOAD SWITCHING FOR GALLIUM NITRIDE TRANSISTORS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

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

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

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

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors; employees, servants or agents including individual experts and
members of its technical:committees @nd IEC National (Committees dor @any/persaonaldnjury, property damage or
other damage of any nature. whatsoever,whether-direct, or indirect,~orofor~costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, ‘this IEC Publication or any other IEC
Publications.

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 63284 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

47/2753/FDIS 47/2763/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.

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/standardsdev/publications.
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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,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Gallium nitride (GaN), one of the wide bandgap semiconductors, has superior properties over
conventional silicon (Si) for power devices, such as high breakdown electric field and high
saturation velocity. Two dimensional electron gas with high mobility and high concentration is
induced by forming heterojunction of GaN with aluminum gallium nitride (AlGaN) due to
polarization effects, which is another merit of GaN related materials. Moreover, several kinds
of materials such as Si, sapphire, silicon-carbide (SiC) or GaN can be selected as epitaxial
growth substrates in terms of device performances and costs. Recently, GaN power transistors
have been widely developed and commercialized.

GaN power transistors have some unique failure modes due to device construction differences
and carrier trapping effects. In addition, GaN power transistors are more compact, so are
exposed to higher fields. Further, some hot-carrier and robustness tests for silicon Field Effect
Transistors (FETs) are not applicable to GaN FETs. For example, the hot carrier injection (HCI)
test for lateral MOSFETSs is not applicable to lateral GaN FETs due to the blocking nature of the
buffer, and the unclamped inductive switching (UIS) test is not useful because it could cause
damage. Therefore, several unique reliability test methods, which are not generally requested
for Si power transistors, are performed as reliability examination, for example, test methods of
dynamic on-resistances. Especially, switching test methods and reliability procedures are
significant for practical use and need to be standardized in order to establish switching reliability
of GaN power transistors.

This document is a guideline [focusing Jon inductive /load [switching in order to confirm the
conditions under which GaN power transistors are used reliably. Since the inductive load
switching is considered to be an important stress application for power devices, this guideline
will promote the acceptance of GaN power transistors in the power device market. However, it
is important to note that there are other_application-relevant\stress conditions, such as
soft-switching at high frequenciest{'which' will not be coveredsby this document.
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SEMICONDUCTOR DEVICES - RELIABILITY TEST METHOD BY INDUCTIVE
LOAD SWITCHING FOR GALLIUM NITRIDE TRANSISTORS

1 Scope

This document covers the protocol of performing a stress procedure and a corresponding test
method to evaluate the reliability of gallium nitride (GaN) power transistors by inductive load
switching, specifically hard-switching stress.

2 Normative references

There are no normative references in this document.

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

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

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

e |SO Online browsing platferm=savailable at http://www.iso.erg/obp

3.1

gallium nitride

GaN

compound semiconductor material composed'of gallium‘and/nitrogen

3.2

aluminum gallium nitride

AlGaN

compound semiconductor alloy of aluminum nitride and gallium nitride

3.3
on-state resistance
resistance of the device at nominal current conditions

3.4
dynamic on-state resistance
ratio of on-state drain-source voltage(vpg) to drain current(ip) at switching

3.5

dynamic high temperature operating life test

DHTOL test

reliability test of continuous switching stress with high junction temperature

Note 1 to entry: The term DHTOL is used broadly, encompassing both switching accelerated life test (SALT), where
failures are expected for wearout modelling, and HTOL, where failures are not expected.

3.6
switching locus
trajectory showing relationship between vpg and ip during switching



IEC 63284:2022 © |IEC 2022 -7-

4 Objectives

The purpose of this document is to define a reliability test method for finding conditions under
which GaN power transistors can operate reliably, when they are used for continuous hard
switching with inductive loads. Therefore, this document does not cover other
application-relevant stress conditions, such as third quadrant operation and soft-switching or
other types of circuit topologies.

5 Applicable GaN transistors

This test method can be applied to all power transistors, which include GaN power transistors
with any substrate such as Si, SiC, sapphire or GaN, and to lateral or vertical types. Moreover,
this test method can be applied to any gate structure such as Schottky-types, p-type GaN
(p-GaN) types and MIS (metal-insulator-semiconductor) types. It can also be applicable to
normally-off types, normally-on types and to cascode configuration types.

6 Dynamic high temperature operating life test

6.1 Test sample

The test sample is recommended to be an actual packaged product. For family products,
reliability test results of transistors with, large gate widths can be applied to transistors with
small gate widths when use conditions ‘such “as current density and supply voltage are
equivalent or less.

6.2 Test circuit
6.2.1 Scheme of a hard switching circuit

The dynamic high temperature operatinglife(DHTOL) test employs a hard switching circuit with
an inductive load as shown,in Figure 1;

DUT

rver | QE) &

IEC
Figure 1 — Test circuit

6.2.2 Electrical parameters

Frequency f, power supply voltage Vpp, and average current flowing through inductance I (av)
are set by considering the actual operating condition.
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6.2.3 Diode

A diode is selected by considering the maximum current and the maximum voltage. In particular,
since the recovery current of the diode flows to the transistor at turn-on time, the diode is
selected to replicate the switching conditions of the final application, e.g. emulate the
capacitance of the high-side FET, or have a larger capacitance for accelerated stress.

6.2.4 Gate driver

A test circuit including a gate drive circuit suitable for the individual test transistor is constructed
with attention paid to heat dissipation of each component. The gate driver is required to drive
DUT in the same conditions as the actual usage unless switching parameters to acquire
acceleration factors are included. Note that the gate driver is also required to have current
driving capability so as not to cause false turn-on of the DUT.

6.2.5 Inductance and resistance

An inductance value Ls and a resistance value R| are set with reference to the following
Equation (1) to Equation (3) and the switching waveforms in Figure 2.

Al
LCXTZVDD_IL(AV)XRL (1)
Al
Fe X 1T A TR Y
2 (2)

1
Ltis

3)

Ybp is the power supply voltage;

I (av) s the average current;

Al is the ripple current;

Ve is the threshold voltage of diode;
Le is the coil inductance value;

Ry is the load resistance value;

1 is the on time;

ty is the off time;

f is the switching frequency.
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Figure 3 — Switching locus at hard switching

6.3 Test condition
6.3.1 General

After the test circuit is configured, electrical and thermal stress conditions are applied and
evaluated.



-10 - IEC 63284:2022 © IEC 2022

6.3.2 Electrical stress

A switching locus of the test transistor is constructed by using switching wave forms as shown
in Figure 3. It is confirmed that the current and voltage stress conditions are equivalent to or
greater than the actual application. For more details on how to assess whether the current and
voltage stress is equivalent to the actual application, refer to JEDEC JEP180.01, Clause 5 [1]".

6.3.3 Thermal stress

External heating and/or cooling may be used in order that thermal stress is independently varied
without changing other stress conditions. When other stress conditions are varied with
minimizing effects of variation in junction temperature, the relative changes of the junction
temperature should be monitored by a thermocouple provided as close as possible to the DUT
or by a thermo-viewer. The junction temperature is recommended to be equal to or below the
absolute maximum rating temperature. The protocol is described in 6.6 if a more accelerated
temperature is used.

6.4 Test procedure
6.4.1 Flow chart

A flow chart of the DHTOL test is shown in Figure 4. In the flow chart, the procedure is aimed
at accelerated life testing (ALT).

T Numbers in square brackets refer to the Bibliography.
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