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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR MEASURING THE THRESHOLD VOLTAGE (V5)
OF SIC MOSFETS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comnrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna.onal
co-operation on all questions concerning standardization in the electrical and electronic fields. To this «nd «d
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technica' Re, orts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s), Tueir
preparation is entrusted to technical committees; any IEC National Committee interested in the ¢ Fjec* de:nt with
may participate in this preparatory work. International, governmental and non-governmental orgatii. atiorns liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Orgcnization for
Standardization (ISO) in accordance with conditions determined by agreement between the t vo organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as ~ossi.' , an international
consensus of opinion on the relevant subjects since each technical committee has .=presi ntation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Comm‘.ces (ndertake to apply IEC Publications
transparently to the maximum extent possible in their national aad re nion< | publications. Any divergence between
any IEC Publication and the corresponding national or regior al pchliceiun shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Inde renuent 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, ~mp'oyecs, servants or agents including individual experts and
members of its technical committees and IEC Nctic> 1l Committees for any personal injury, property damage or
other damage of any nature whatsoever heth>r direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatior 17se of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative refe.=»nces cited in this publication. Use of the referenced publications is
indispensable for the correct appi.»atic n of this publication.

IEC draws attention to the | osuibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no po.itic * cc.icerning the evidence, validity, or applicability of any claimed patent rights in
respect thereof. As of the ¢ ate of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to irp..me. * this document. However, implementers are cautioned that this may not represent
the latest informatic. . whish may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held respc ~civle for identifying any or all such patent rights.

IEC 63505 he's bean prepared by IEC technical committee 47: Semiconductor devices. It is an
Internationc! Swondard.

This<tardard is based upon JEP183 [1] T with permission of the copyright holder, JEDEC Solid
Stauy Tecanology Association, and was submitted as a Fast-Track document.

1

Numbers in square brackets refer to the Bibliography.
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The text of this International Standard is based on the following documents:

Draft Report on voting

47/2885/FDIS 47/2908/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.

The structure and editorial rules used in this publication reflect the practice of the organiz:tion
which submitted it.

This document was developed in accordance with ISO/IEC Directives, Part 173n¢ ISC/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.

The committee has decided that the contents of this document will remain :nchanged until the
stability date indicated on the IEC website under webstore.iec.ch in ti.2 duta related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.
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INTRODUCTION

This document is intended for use in the SiC power semiconductor and related power electronic
industries and provides guidelines for measuring the threshold voltage (77) of SiC power

devices.

Threshold voltage (77) is a key parameter in the evaluation of changes in the characteristics of

physical stimulus such as voltage and/or temperature stress. Without accurately measuring
threshold voltage, it is not possible to monitor how device characteristics are changed by the
stress applied to a device.

SiC/SiO, interface of Silicon Carbide (SiC) Metal-Oxide-Semiconductor Field-Effect Traasistor
(MOSFET) is more complex than the Si/SiO, interface, which requires careful handling»f t.aps
in the device with regard to the change monitoring of characteristics.

The test methods provided in this document can be used as a guideline for measuring threshold
voltage of SiC power device, focused on N-channel vertical structure MOE=E | technologies.
These three test methods can be applied for datasheet, process contrc!, technology
development, final tests and other usage.
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GUIDELINES FOR MEASURING THE THRESHOLD VOLTAGE (V5)
OF SIC MOSFETS

1 Scope

This document gives guidance on V' measurement methods and conditioning prior to V7 testing

in SiC power MOSFETSs to reduce or eliminate the effect of the aforementioned hysteresis. The
method is applicable for PBTI testing, NBTI and threshold voltage changes caused by switching
events are excluded from the scope.

SiC MOSFETs have threshold voltage hysteresis caused by transient trap eifects, hich
impacts the evaluation of the actual the 77 shift caused by stress tests such as bias .ampcrature

instabilities (BTI) [2].

The test methods can be applied to the following:
a) N-channel SiC MOSFET (vertical structure);
b) the above in wafer and package levels.

2 Normative references

There are no normative references in this document.

3 Terms, definitions, and letter symbols

3.1 Terms and definitions

No terms and definitions are listed in th's document.

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

e |EC Electropedia: aviilac!e‘at https://www.electropedia.org/

e |ISO Online browzu.» piatform: available at https://www.iso.org/obp

3.2 Letter symbols

DUT Cwice Under Test

NBTI I'egative-Bias Temperature Instability

PBTI Positive- Bias Temperature Instability

V5D Supply voltage

Vps Drain to Source Voltage of DUT

Vas Gate to Source Voltage of DUT

Vr Threshold voltage of DUT

yyUP Threshold voltage of DUT taken by upward sweep

y7DOWN  Threshold voltage of DUT taken by downward sweep
V1 (eps) Threshold voltage of DUT measured by test circuit where gate and drain are shorted

Ips Drain-Source current
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