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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢
onal electrotechnical committees (IEC National Committees). The object of IEC is to promote int
eration on all questions concerning standardization in the electrical and electronic/fields. To thi
tion to other activities, IEC publishes International Standards, Technical Specifications, Technical
ly Available Specifications (PAS) and Guides (hereafter referred to as “IEC* Publication(s
ation is entrusted to technical committees; any IEC National Committee interested in the subject
prticipate in this preparatory work. International, governmental and non-govetnmental organizatio
e IEC also participate in this preparation. IEC collaborates closely with(the International Organ

rmal decisions or agreements of IEC on technical matters expresss. as nearly as possible, an int
hsus of opinion on the relevant subjects since each technieal ‘eommittee has representatiof
ted IEC National Committees.

ublications have the form of recommendations for interhational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are ‘made to ensure that the technical contg
ations is accurate, IEC cannot be held responsible_for the way in which they are used o
erpretation by any end user.

er to promote international uniformity, IEC National Committees undertake to apply IEC Py
arently to the maximum extent possible in their\national and regional publications. Any divergenc{
C Publication and the corresponding natiomal or regional publication shall be clearly indicated in

5elf does not provide any attestation of-conformity. Independent certification bodies provide (
Ement services and, in some areasy'access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

ers should ensure that they havethe latest edition of this publication.

bility shall attach to IEC or its” directors, employees, servants or agents including individual ex
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal
5es arising out of-the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn-to.the Normative references cited in this publication. Use of the referenced publi
Ensable forthe correct application of this publication.

on is drawn to the possibility that some of the elements of this IEC Publication may be the subjec
IEC(shall not be held responsible for identifying any or all such patent rights.

pmprising
Ernational
5 end and
| Reports,
)’). Their
dealt with
hs liaising
zation for

brdization (ISO) in accordance with conditions determined by agreement,between the two organigations.

Prnational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

of patent

es. It is

75-2 has bheen prnparnd h‘,’ |IEC technical committee 47 Semiconductor devid

an International Standard.

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

Draft Report on voting

47/2756/FDIS 47/2765/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/standardsdev/publications.

A list of all parts in the IEC 63275 series, published under the general title Semiconductor
devices — Reliability test method for silicon carbide discrete metal-oxide semiconductor field
effect transistors, 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,
e replaced by a revised edition, or

e amepded.
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INTRODUCTION

Silicon carbide (SiC) is widely used as a semiconductor material for next-generation power
semiconductor devices. SiC, as compared with silicon (Si), has superior physical properties
such as a higher breakdown electric field, higher thermal conductivity, lower carrier generation
rate, higher saturated electron drift velocity, and lower intrinsic carrier concentration. These
attributes realize SiC-based power semiconductor devices with faster switching speeds, lower
losses, higher blocking voltages, and higher temperature operation relative to standard Si based
power semiconductor devices.

Possible reliability issues include on-state voltage drop change, on-state resistance increase
and reverse drain voltage change of metal-oxide semiconductor field effect transistors due to a

current

formatid
current

degrads
device |
recombi
That ms
indispen
voltage

This do
resistan
effect tr

n of stacking faults that expand within the drift region of the MOSFET _‘anhd
flow within the area that they occupy. This increases the on-state resista
s the operation of the power electronics system. This effect will only occur if t

olume contains basal plane dislocations (BPDs), and there is electten-hole pa
nation such as occurs during forward biasing of the body diodeof the SiC M
ans some of the devices may show parameter drift, others will‘rot drift. Theref|
sable to establish an International Standard with regard- to’ evaluation of

drop change and on-state resistance change as reliability issues.

cument defines the evaluation method of on-state,voltage drop change and
ce change under body diode current stress on/SjC metal-oxide semiconduc
ansistors.

lowing through the body diode. This occurs because the body diode current calises the
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bn-state
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SEMICONDUCTOR DEVICES -
RELIABILITY TEST METHOD FOR SILICON CARBIDE DISCRETE
METAL-OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTORS -

Part 2: Test method for bipolar degradation due to body diode operation

1 Scope

This part of IEC 63275 gives the test method and a procedure using this method t0 ¢valuate
the on-dtate voltage change, on-state resistance change and reverse drain voltage . change of
silicon ¢arbide (SiC) power MOSFET devices due to body diode operation. This tegt is not
generally requested for Si power transistors.

2 Norfmative references

The follpwing documents are referred to in the text in such a way that'some or all of theirjcontent
constitutes requirements of this document. For dated referenceés, 'only the edition cited [applies.
For undated references, the latest edition of the referenced document (including any
amendnments) applies.

IEC 60747-8, Semiconductor devices — Discrete devices — Part 8: Field-effect transistqrs

3 Terms and definitions

For the|purposes of this document, the~terms and definitions given in IEC 60747-8 [and the
following apply.

ISO and IEC maintain termineglogy databases for use in standardization at the fpllowing
addressles:

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

e |SO|Online browsing’platform: available at http://www.iso.org/obp
3.1

silicon carbide
compound senticonductor material composed of silicon and carbon

3.2
on-state voltage change
change in the on-state voltage (VDS(On)) due to body diode current stress from the source

terminal of the device to the drain terminal

3.3
on-state resistance change
change in the on-state resistance (Rpg(on)) due to body diode current stress from the source

terminal of the device to the drain terminal

3.4
reverse drain voltage change
change in the reverse drain voltage (Vgp) due to body diode current stress from the source

terminal of the device to the drain terminal


http://www.iso.org/obp
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4 Method

4.1 General

The change in values of the on-state voltage, the on-state resistance and the reverse drain
voltage occurs when body diode current flows through a body diode of n-channel vertical power
MOSFETSs fabricated on SiC crystal. This test is intended to evaluate the change in values of
the on-state voltage, the on-state resistance and the reverse drain voltage under the body diode
current stress on n-channel vertical power MOSFETSs fabricated on SiC crystal.

4.2 Principle

This ted

betweer
to the M

v metnoa evaluales he cridnge In values or VDS(on)’ KDS(on) ald Vgp DYy 4dll

conducting the measurements and applying the stress through the body diodé
OSFETs. The test flow chart is shown in Figure 1.

{ Start )

Y

Select specimen

Y

Set the temperature to the measurement température

Y

Initial measurement of Vpg(onyAps(on), @and Vsp

N

Apply current stress*while keeping temperature
below«the specified maximum

Y

Set the temperature to the measurement temperature

\
Intermediate measurement of
Vbs(on), Rps(on), @nd Vsp

Test time reached?

ernating
current

Yes

Y

End
IEC

Figure 1 — Test flow chart

4.3 Requirements

431

Samples

Samples shall have the same MOSFET structure to the evaluation target product. Either the
wafer-level or the package-level may be selected for the evaluation. Package-level is
recommended to ensure ohmic contact to the MOSFET’s electrode.
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Unless otherwise specified, a minimum of four samples is recommended for each test condition
to evaluate the representative behaviour of Vpg(on), Rpson) @nd Vgp change. For better

statistics, a bigger sample size may be needed to ensure lower values of lot tolerance percent
defect (LTPD). When the test method is applied to qualify reliability of product, the sample size
should be defined by taking into consideration device-to-device deviation of change in values
of ¥ps(on): Rps(ony @Nd Vgp, and target applications of the product.

4.3.2 Test temperature

The test shall be performed at a temperature no higher than the maximum in the device
specifications. The measurement temperature should be set to the same temperature for each
measurement, and room temperature is recommended.

4.3.3 Test current

The test shall be performed at the rated diode forward current (if a pulsedceurrent gtress is
applied, then this would be the rated pulse current; if a DC current stress,is~applied, then this
would b the rated DC current), and at the rated case temperature and-~at or below the rated
maximum junction temperature. In order to regulate the temperature of‘the sample, pulse width
modulation current is recommended. Vg shall be set at the rated negative voltage to|prevent

the MOSFET channel from conducting.

4.3.4 Test time

The tes} time shall be set individually to reach a limit ,of’an acceptable change in values of
Vbs(on)|Rps(on) @nd Vgp, or to collect the data required to extrapolate the time to reach a limit

of the gcceptable change in values of Vpg(on), Rpson) @and Vgp. The time for temperature

ramping and measuring shall not be included\in“the test time. Extrapolation of degfadation
effects $hall not overestimate the actual degradation for longer stressing times if extrapolation
is performed. Measuring time shall not be included in the test time.

4.3.5 Failure criteria

The failure criteria of each change in values of Vpg(on), Rps(on) @and Vgp should beja 20 %

change |in initial values unless there are individual specifications. In addition, the failurg criteria
should Be linked to a maximum allowed change in the parameter value so that it does nat violate
the datd sheet specification or cause other failures in an intended application.

4.4 Parameter setting

Figure 2 shows-the test circuit. This test requires equipment that is capable of pfoviding
particular body diode current on the sample. I is the current source to apply body diode

current ptréss. Vg is the voltage source to apply negative gate bias during current stress test
on the sample.
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DUT
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Key
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DUT device under test sample
Vas voltage source

DD current source

Figure 2 — Circuit diagram for body diode current stress, test

is A

On Off

A
y
A
Y

Time
IEC

Figure 3 — Rectangular current waveform by the current source in the test cirguit

4.5 Procedures
4.5.1 Setting

Set the pample in the tést-apparatus.

4.5.2 Ambient\temperature

Set the pmbient'temperature to the test temperature.

4.5.3 Unitial-measurement

Measure the Vpgon): Rps(on) @nd Vgp of the sample at the measurement temperature.

4.5.4 Stress current

Apply the current stress to the source terminal of the sample. When a temperature rise is
unacceptable in terms of current stress, a pulsed current source that generates rectangular
current waveform shall be used as shown in Figure 3. The on/off ratio shall be such that the
temperature rise does not exceed the rated temperature. The rise time and fall time of the
rectangular current waveform shall be such that the overshoot does not exceed the maximum
rating of the device. If using DC current stress, the temperature of the device shall be within
the maximum ratings as the temperature of the device is likely to rise.
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Intermediate measurement

Measure the Vpg(on): Rps(on) @nd Vgp of the sample at the measurement temperature as the
i-th intermediate value Vpgqp)-

46 E

valuation

Evaluate AVpg(onyi, the change in value of the Vpge, at the time of i-th intermediate
measurement as

AVbs(onyi = Vps(on)i ~ Vps(on) o-

Evaluat
measurq

Evaluat
as

4.7 T
A test rd
— sam
— pacK
— test
— test

? ARps(on)i» the change in value of the Rpgyn) at the time of i-thinter
ement as

ARps(on)i = Rps(on) i ~ Rbs(on) o-

e AVgp i, the change in value of the V'gp at the time of i-th.intermediate meas

AVspi=Vspi— Vspl

est report
port shall be provided, that includes:

ble identification;
age type;
temperature;

current;

— on and off time of the regtangular current waveform, if used;

— test
— initid

— the ¢

time;
| value of VDS(OI’])’ RDS(OI’]) and VSD;

hange inXvatues of Vpg(on), Rps(on) @nd Vsp.

mediate

Lrement
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fonctionnement de la diode intrinséque

AVANT-PROPOS

mmission Electrotechnique Internationale (IEC) est une organisation mondiale de\nermalisation

nsemble des comités électrotechniques nationaux (Comités nationaux de 'lEC)* L'IEC a pou
er la coopération internationale pour toutes les questions de normalisation dans les donj
icité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie)des Normes intern
bécifications techniques, des Rapports techniques, des Spécifications,accessibles au public (PA
5 (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est'confiée & des comités d'ét
x desquels tout Comité national intéressé par le sujet traité peut participer. Les org
htionales, gouvernementales et non gouvernementales, en liaisonh)avec I'lEC, participent égalg
x. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
ons fixées par accord entre les deux organisations.
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L'IEC 63275-2 a été établie par le comité d’études 47 de I'l[EC: Dispositifs a semiconducteurs.
Il s'agit d'une Norme internationale.
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INTRODUCTION

Le carbure de silicium (SiC) est largement utilisé comme matériau semiconducteur pour les
dispositifs a semiconducteurs de puissance de la prochaine génération. Le carbure de silicium,
par rapport au silicium (Si), posséde des propriétés physiques supérieures telles qu’un champ
électrique de claquage plus élevé, une conductivité thermique plus élevée, un taux de
génération de porteurs plus faible, une vélocité saturée des électrons plus élevée et une
concentration de porteurs intrinséques plus faible. Ces attributs permettent d’obtenir des
dispositifs a semiconducteurs de puissance a base de SiC avec des vitesses de commutation
plus rapides, des pertes plus faibles, des tensions de blocage plus élevées et un
fonctionnement a température plus élevée par rapport aux dispositifs a semiconducteurs de
puissance a base de Si standards.

Les proplemes de fiabilité éventuels sont une dérive de la chute de tension a I'état ;I)assant,
une augmentation de la résistance a I’état passant et une variation de tension dejdrain|inverse
des trapsistors a effet de champ métal-oxyde-semiconducteurs en raison-d’un |courant
traversgnt la diode intrinséque. Ceci se produit parce que le passage du courant dans Ja diode
intrinséque provoque la formation de fautes d’empilement qui se répandent dans la gone de
chute de tension du MOSFET (transistor a effet de champ métal-oxyde“semiconducteurs) et
empéchent la circulation du courant dans la zone qu’elles occupent. Cela augmente la
résistanice a I'état passant et dégrade le fonctionnement du systéme-€électronique de puissance.
Cet effgt ne se produira que si le volume du dispositif actif contient des dislocations|de plan
basal (BPD, basal plane dislocations) et s’il y a une recombinaison de paires électron-tropu (EHP,
electron-hole pair), comme cela se produit au cours defla polarisation directe de [a diode
intrinséeque du MOSFET a base de SiC. Ceci signifieygue certains des dispositifs peuvent
présentgr une dérive des paramétres et que d’autres:ne-dériveront pas. Par conséquent, il est
indispensable d’établir une Norme internationale en_ce qui concerne I'’évaluation de la dérive
de la chiute de tension a I'état passant et de la dérive de la résistance a I'état passan{ en tant
que propléme de fiabilité.

Le présént document définit la méthode diévaluation de la dérive de la chute de tension a I'état
passant|et de la dérive de la résistance-a I'état passant sous une contrainte de couranfdans la
diode intrinséque sur les transistors a‘effet de champ métal-oxyde-semiconducteurs a pase de
SiC.
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DISPOSITIFS A SEMICONDUCTEURS -

METHODE D’ESSAI DE FIABILITE POUR LES TRANSISTORS A EFFET DE
CHAMP METAL-OXYDE-SEMICONDUCTEURS DISCRETS EN CARBURE DE

SILICIUM -

Partie 2: Méthode d’essai de la dégradation bipolaire due au
fonctionnement de la diode intrinséque

1 Doiaine d’application

La présgnte partie de I'lEC 63275 donne la méthode d’essai et une procédure lutilisg
méthod¢ pour évaluer la dérive de la tension a I'état passant, la dérive de la résistance
et la variation de tension de drain inverse des dispositifs MOSFETF de puisspnce en
de silicium (SiC) en raison du fonctionnement de la diode intrinseque. Cet essai n’est
généraleément pas demandé pour les transistors de puissance en Si.

passant
carbure

2 Réflérences normatives

Les doc
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I’édition
référend

IEC 607
Partie 8
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Pour leg
suivants

L'1SO ef
en norm

e |EC
e |SO

uments suivants sont cités dans le texte de sorte.gu’ils constituent, pour tout g
contenu, des exigences du présent document. Pour les références datée
citée s’applique. Pour les références non dat€es, la derniére édition du docu
e s'applique (y compris les éventuels amgndements).

47-8, Dispositifs a semiconducteurs =\Dispositifs discrets —
' Transistors a effet de champ

mes et définitions

besoins du présent document, les termes et définitions de I'lEC 60747-8, ainsi
, S'appliquent.

I'EC tiennent &jour des bases de données terminologiques destinées a étre
alisation, eonsultables aux adresses suivantes:

Electropedia: disponible a I'adresse http://www.electropedia.org/

Online browsing platform: disponible a I'adresse http://www.iso.org/obp

nt cette
a I'état

u partie
5, seule
ment de

que les

Ltilisées

3.1

carbure de silicium
matériau semiconducteur composite a base de silicium et de carbone

3.2

dérive de tension a I’état passant
dérive de tension a I'état passant (Vpgon)) due a une contrainte de courant dans la diode

intrinséque, de la borne de source du dispositif a la borne de drain

3.3

dérive de résistance a I’état passant
dérive de résistance a I'état passant (Rpg(on)) due a une contrainte de courant dans la diode

intrinséque, de la borne de source du dispositif a la borne de drain
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3.4
dérive de tension de drain inverse
dérive de tension de drain inverse (Vgp) due a une contrainte de courant dans la diode

intrinséque, de la borne de source du dispositif a la borne de drain

4 Méthode

4.1 Généralités

La dérive des valeurs de la tension a I'état passant, de la résistance a I’état passant et de la

tension de drain inverse se produit lorsque le courant dans la diode intrinséque circule a travers

1 H=S 1211 o = MOSLCET +1 P~ | H [l falbar A 1
une dioge—intrinsegue—deMOSFET—verticaw—de—phissance—a——eanaln—fabrigués—a—partir de

cristaux| de carbure de silicium. Cet essai est destiné a évaluer la dérive des valeyfs de la
tension ja I'état passant, de la résistance a I'état passant et de la tension de drain(inverse sous
la contrainte de courant dans la diode intrinseque sur des MOSFET verticaux de puissance a
canal n [fabriqués a partir de cristaux de carbure de silicium.

4.2 Prfincipe

Cette meéthode d’'essai évalue la dérive des valeurs de Vpg(on), Rps(on) €t Vsp en reéalisant

alternatfvement les mesures et en appliquant des contraintesvde courant dans lp diode
intrinséque sur les MOSFET. Le logigramme d'essai est représenté a la Figure 1.

{ Début )

Y

Choisir le composant a souimiettre a essai

y

Régler la températute sur la température de mesure

Y

Mesure initiale de VDS(OFI), RDS(OH), et VSD

Y

Appliquer une contrainte de courant tout en

maintenant la température en dessous de la
valeur maximale spécifiée

Y

Régler la température sur la température de mesure

Y

Mesure intermédiaire de Vpg(on) Rps(on), €t ¥'sp

Non

Durée d'essai atteinte?

IEC

Figure 1 — Logigramme d’essai
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