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Part 1: Test method for bias temperature instability
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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

ation is entrusted to technical committees; any IEC National Committee interested in the subject
brticipate 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
tted 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,

[y Available Specifications (PAS) and Guides (hereafter referred to as "[EC* Publication(s)"). 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

75-1 has been 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

47/2755/FDIS 47/2764/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

One reliability issue for silicon carbide (SiC) metal-oxide-semiconductor field-effect transistors
(MOSFETs) is gate-source threshold voltage shift under gate-source voltage stress.
Gate-source threshold voltage is a key parameter to represent switching characteristics of
MOSFETSs. Since the shift value tends to be larger than that of conventional Si based devices,
it is indispensable to establish an International Standard with regard to evaluation of
gate-source threshold voltage shift as a reliability issue.

This document defines the evaluation method of gate-source threshold voltage shift under
continuous temperature and gate-source voltage stress on SiC MOSFETs.
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SEMICONDUCTOR DEVICES -

RELIABILITY TEST METHOD FOR SILICON CARBIDE DISCRETE
METAL-OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTORS -

Part 1: Test method for bias temperature instability

1 Scope

This pa
carbide
temperd
temperd
delay tin

2 Nol

The follq
constitu
For un
amend

IEC 607

3 Tern
For the

ISO and
address

e |EC
e |SO

4 Requiremeéents

t of IEC 63275 gives a test method to evaluate gate threshold voltage shift
ture readout after applying continuous positive gate-source voltage stréss at

ture. The proposed method accepts a certain amount of recovery by allowi
hes between stress and measurement (up to 10 h).

mative references

wing documents are referred to in the text in such a way that some or all of their
fes requirements of this document. For dated references, only the edition cited
ated references, the latest edition of the reférenced document (includ
ents) applies.

47-8, Semiconductor devices — Discrete devices — Part 8: Field-effect transistd

ms and definitions
purposes of this document, the.ferms and definitions given in IEC 60747-8 app

IEC maintain terminotogical databases for use in standardization at the fi
es:

Electropedia: available at http://www.electropedia.org/

Online browsing’platform: available at http://www.iso.org/obp

4.1 S|ample

silicon

(SiC) power metal-oxide-semiconductor field-effect transistors (MOSFETs). usihg room

levated
g large

content
applies.
ng any

ly.

bllowing

Unless otherwise specified, a minimum of four samples is recommended for each test condition
to evaluate representative behaviour of Vgg () drift. 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 shift value of Vas(th) and target application of the product.

42 T

est temperature

The test is performed at the temperature within the maximum rating of the sample.

43 T

est voltage

The test is performed at the Vgg within the maximum rating of the sample. The tests in this

docume

nt treat only positive Vg stress.
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4.4 Test time

Test time is set individually to reach failure criteria of Vg, or to collect data required to
extrapolate the log time dependence to reach failure criteria Vgg ). The time for temperature
ramping and measuring Vgg () Shall not be added to the stress time.

4.5 Measurement temperature

Measurement is performed at room temperature with a tolerance, e.g. 23 °C + 2 °C. The
measurement temperature shall be consistent across the evaluation.

4.6 Failure criteria

It is recommended to link the failure criteria to a maximum allowed Vggyy drift level that does
not cauge the violation of any data sheet specification limit.

4.7 Test circuit

Figure 1 shows the test circuit. VGS, voltage source for the V5g is thé~yoltage source fo apply
Vgs onla sample. VDS, voltage source for the Vg is the voltage_source to apply Vpg on a
sample for Vgg(y) Measurement.

T=SAO
s ]

L

T

IEC

Key

A ammeter to measure drain soeurce current of DUT
DUT device under test sample

VGS voltage source for-the'V g

VDS voltage source for the Vg

Figure 1 — Circuit diagram for bias temperature instability test

5 Prdgcedures

5.1 Sequence of procedure

The test method evaluates the shift value of Vgguny by alternately conducting Vggin)

measurement and applying temperature and voltage stress on the gate terminal of the sample.
Figure 2 shows the test flow chart.
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Select specimen

Y

Initial measurement

Y

Apply bias
temperature stress |

Intermediate measurement

i

Remove bias
temperature stress

1

Test time
reached?

IEC
Figure 2 — Test flow<{chart

5.2 Seelect sample

Select gnd set the sample to the test apparatus:

5.3

~

Gs(th) measurement methods

Vas(thy $an be defined by several measurement methods. Examples of Vg, measpirement
methods are listed below:

a) Exar[\ple 1: Constant current method 1 (Vgg ) is measured with constant Vpg.)
Figure 3 and Figure;4 show schematics of the sequence of positive bias temperature
instgbility (PBTI) test and /g versus Vgg curve for Example 1, respectively. The prpcedure
of Vgs(tn) measurement is that the drain to source current (/pg) is measured while syeeping
gate{to source’voltage (Vgg). The drain to source voltage (Vpg) is kept constant to fflow the
Ips- |A thieshold current (Ipg(¢,)) shall be defined to measure Vggih)- Vst is the Vg when
the Jpg'Crosses the threshold current during the Vg5 sweeping operation. A conditioning
pulse is applied prior to measuring the Vas(thy as shown in Figure 3. The conditioning
procedure is described in 5.4.
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©
[0]
[oN
£ Room
(0]
= temperature
oA Conditioning Conditioning
ot ulse ulse
5 P Voltage stress P
>
8
5 » Intermediate VGsth)
2 Initial Vgsgin) measurement
) measurement
®
O]
Y
58
3¢
c
<
=)
Time

IEC

Figure 3 — Schematic of test pattern for’Example 1

g
T

Vps = constant
(e.9. Tps =10V)

Threshold current

Drain-source current

Gate-source voltage
IEC

Figure 4 — Ipg versus Vgg curve for Example 1

b) Exar[\ple 2: Constant current method 2 (Vgg(yn) is measured with Vgg = Vpg.)

Figu
curv
mea

e 5 and _Figure 6 show schematics of the sequence of PBTI test and Ipg ver
e for'Example 2, respectively. The procedure of Vgg(y,) measurement is that th
sured while sweeping Vgg. The Vg is kept the same as the Vg to allow the /g

EUS Vg
e IDS is
to flow.

A threshold current Ipg ) Shall be defined to measure Vggin)- Vgs(tn) 1S the Vgs When the
Ipg crosses the Ipg ) during the Vg5 sweeping operation. The Ipg current limit shall be set

to a rated-current value corresponding to a standard scale, such as 250 yA/A (e.g. for a
20 A device, Ipg limit is 5 mA).
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'} Temperature stress
=]
©
g
g Room
= temperature
A Conditioning Conditioning
o} ulse ulse
5 P Voltage stress P
>
Q
(8] e .
5 Initial V) Intermediate Vggth)
$ measurement measurement
(0]
®
]
S S
58
32
£
o
=)
Time
IEC

Figure 5 — Schematic of test pattern for Example 2 and Example 3

-
-

Vbs = Vas

Threshold current

Drain-source current

|

I

1

|

1

1

1

1

|
L >
T

Vesithy Gate-source voltage
IEC

Figure 6 — Ing versus Vg curve for Example 2

c) Example 3: Extrapolation method

Figure 7 shews a schematic of the /g versus Vgg curve for Example 3. Ing is meagured at
condition of Vpg = Vgs. Vgs(iny is the X-intercept of the interpolated line of squarg root of

[DS.

Square root of
drain-source current

»
-

®
Vesith)y Gate-source voltage
IEC

Figure 7 — Ing — Vgg curve for Example 3
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d) Example 4: Spot measurement method

Figure 8 shows schematics of sequence of PBTI test for Example 4. The procedure of Vgg )
measurement is that the /ng is measured while applying pulsed Vgg without sweeping Vg.
The Vpg is kept either constant or the same as the Vg to flow the Ipg. A Ipgs, shall be
defined to measure Vggn). The Vgg(iny is Vas at the Ipg ).

The Vg
measurs

=\ Temperature stress
=)
©
g
g Room
= temperature
g Conditioning Conditioning
o} ulse ulse
5 P Voltage stress P
>
Q
(8] iys .
g Initial Vggtn) Intermediate Fggn)
@ measurement measlrement
(0]
& ]
Y
58
32
£
o
a
Time

IEC

Figure 8 — Schematic of test pattern for Example 4

5thy Mmeasurement method canbe selected by users of this document. The
ement condition shall be cansistent across the evaluation.

5.4 How to provide a reproducible measurement of Vggyp)

Conditidg
Vgs pul
Vas(th) \
into inte
voltage

width s

ning is recommended before initial and intermediate Vgg,) measurement. A
e should be ‘applied before measurement as conditioning to evaluate the shift
vhile avoiding the hysteresis effect that is generated by carrier trapping and de-
rfacial ttaps. The conditioning bias of the V55 should be equal to the soaking/s
or léss and within the maximum rating of the sample. The voltage level of V4

Vas(th)

positive
value of
rapping
tressing
s pulse

poutd be 100 ms [1]'. It is recommended to check the conditioning paramegters by

ensuring they provide measurement values of Vasith) stably. The conditioning bias and the time
delay between conditioning and Vgg(,) measurement shall be consistent across the evaluation.
For more details on how to perform the conditioning prior to measuring the Vasith)s refer to [2].

5.5 Initial measurement

Measure the initial value of Vgg,) of the sample after conditioning. The time delay between

conditio

1

ning and initial measurement should be within 10 ms.

Numbers in square brackets refer to the Bibliography.
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5.6 Apply voltage and temperature stress

Apply the gate-source voltage and temperature stress on the sample. The voltage of Vpg

voltage source should be reduced to zero before gate stress voltage is applied. Heating up with
or without bias applied should be optional. Whatever the method used, the bias condition during
heating shall be specified in the test report and the time to reach the stress temperature shall
be minimized. If the voltage is applied before, part of the stress is at an undefined temperature.

5.7 Remove voltage and temperature stress

Remove the gate-source voltage and temperature stress on the sample for the intermediate
measurement. Cooling down with or without bias applied should be optional. Whatever the
methOd uocd, thU b;ao \JU"d;t;U|| dul:lly UUU:;IIH oha” bU OVUU;I‘;Ud ;II thc tUOt IUVUIt GII;.I‘I he time
to reacH the stress temperature shall be minimized. If the voltage is applied with coolinlg down,
it does |avoid recovery to a certain degree, but it also adds some additional(stregs at an
undefing¢d temperature.

5.8

ntermediate measurement

Intermegiate measurements should be performed within 10 h after téerminating voltage stress.
During Intermediate measurement, measure the intermediate value of Vg, of thefsample

after copditioning and evaluate the shift value of Vgg) by taking'the difference to initigl value.

The time delay between conditioning and intermediate measurement is recommended within
10 ms.

Intermediate measurements should be arranged in fogarithmic time intervals to evalliate the
drift of ¥gg(n). Characteristics other than Vg (8.9., Ry, Ips, €tc.) can be measured during

intermegliate measurement but it is recommended-to measure Vg, always at first.

6 Test report

A test r¢port shall be provided, that\includes:

— sample identification;

— test pias condition during*heating;
— test temperature;

— test poltage;

— testfime;

— test pias-condition during cooling;

— pulsg«condition (width, voltage and negative bias of conditioning if negative bias is ppplied)
of comditioning putsebefore 75y, Measurement;

—  Vgs(thy Mmeasurement method;

— shift value of gate-source threshold voltage;
— other characteristics (R, Ipg, --.)-
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INTRODUCTION

Le décalage de la tension de seuil grille-source sous une contrainte de tension grille-source
constitue un probleme de fiabilit¢é pour les transistors a effet de champ
métal-oxyde-semiconducteurs (MOSFET, metal-oxide-semiconductor field-effect transistors)
en carbure de silicium (SiC). La tension de seuil grille-source est un paramétre clé pour
représenter les caractéristiques de commutation des MOSFET. Dans la mesure ou la valeur
de décalage a tendance a étre supérieure a celle des dispositifs conventionnels a base
de silicium (Si), il est indispensable d’établir une Norme internationale concernant I'évaluation
du décalage de la tension de seuil grille-source comme probléme de fiabilité.

Le présent document définit la méthode d’évaluation du décalage de la tension de seuil
grille-sdurce aprés une contrainte continue en température et une contrainte de |tension
grille-sdurce sur les MOSFET en carbure de silicium.
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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 1: Méthode d’essai pour la mesure de la dérive de la tension
de seuil aprés polarisation électrique en température

1 Doiaine d’application

La prégente partie de I'lEC 63275 donne une méthode d’essai pour évaluer’le décalage
de la tension de seuil de grille des transistors a effet de champ métal-oxyde-sémiconducteurs
(MOSFHET) de puissance en carbure de silicium (SiC) en utilisant un relevé a température
ambianfe aprés avoir appliqué une contrainte de tension grille-source positive ¢ontinue
a température élevée. La méthode proposée accepte une certaine quantité de recouyrement
en autofisant des décalages importants entre la contrainte et la mesure (jusqu’a 10 h).

2 Réflérences normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout qu partie
de leur|contenu, des exigences du présent document. Pour les références datéeg, seule
I’édition| citée s’applique. Pour les références non“datées, la derniére édition du dgocument
de référence s'applique (y compris les éventuelstamendements).

IEC 60747-8, Dispositifs a semiconducteurs* Dispositifs discrets — Partie 8: Transistors a effet
de champ

3 Termes et définitions
Pour leg besoins du présenti\document, les termes et définitions de I'lEC 60747-8 s'appliquent.

L'ISO ef I'lEC tiennent &jour des bases de données terminologiques destinées a étre (tilisées
en normalisation, eonsultables aux adresses suivantes:

o |EC [Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO|Online browsing platform: disponible a I'adresse http://www.iso.org/obp

4 Exigences

4.1 Echantillon

Sauf spécification contraire, un minimum de quatre échantillons est recommandé pour chaque
condition d’essai afin d’évaluer le comportement représentatif du décalage de la tension Vg i)

Lorsque la méthode d’essai est appliquée pour qualifier la fiabilité du produit, il convient
de définir le nombre d’échantillons en prenant en considération I’écart de la valeur de décalage
de la tension Vgt entre les dispositifs et I'application cible du produit.

4.2 Température d’essai

L’essai est réalisé a la température maximale admise d'utilisation de I’échantillon.
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4.3 Tension d'essai

L'essai est réalisé a la tension Vgg maximale admise d'utilisation de I'échantillon. Les essais
du présent document ne font I'objet que de contraintes de tension Vg positive.

4.4 Durée d’essai

La durée d’essai est fixée individuellement afin d’obtenir les critéres de défaillance de la tension
Vas(thy ou de recueillir des données exigées pour extrapoler la dépendance temporelle

logarithmique afin d'obtenir les criteres de défaillance de Vggyn)- La durée pour
la montée/descente progressive en température et pour la mesure de la tension Vas(th)

i &t H 1S 3 1o d Sa-d traint
ne doit pas-étre HOHH8-8—a+a—-GHH-8-8—-a8-GoRHaHS-

4.5 Température de mesure

La mesyre est réalisée a température ambiante avec une tolérance, par exemple 23 °Q + 2 °C.
La température de mesure doit étre cohérente tout au long de I’évaluation’

4.6 Criteres de défaillance

Il est recommandé d’associer les critéres de défaillance a un niveau de décalage de la|tension
Vas(thy [autorisé maximal qui n’entraine le non-respect d‘aucune limite de spédgification

de la fiche technique.

4.7 Clircuit d'essai

La Figure 1 représente le circuit d’essai. VGS,(source de tension pour la tension ¥gg, est
la sourcle de tension pour appliquer la tension %gg sur un échantillon. VDS, source de|tension
pour la tension Vg, est la source de tensien pour appliquer la tension Vpg sur un échantillon
pour la mesure de la tension Vggh)-

DUT - °
k_

VGS — VDS

L

IEC

Légende

A amperemeétre pour mesurer le courant drain-source du DUT (composant en essai)
DUT échantillon de composant en essai (device under test)

VGS source de tension pour la tension Vg

VDS source de tension pour la tension V4

Figure 1 — Schéma de circuit pour I'essai d'instabilité suite a une polarisation
en température
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Procédures

Ordre de la procédure

méthode d'essai évalue la valeur du décalage de la tension Vggyn) en réalisant

alternativement la mesure de la tension VGS(th) et en appliquant les contraintes de température
et de tension sur la grille de I'échantillon. La Figure 2 représente le logigramme d’essai.

5.2

Choisir gt fixer I'échantillon sur I'appareillage d’essai.

5.3

La

de méthodes de mesure de la tension Vgg(i) sont présentés ci-dessous:

a)

Choisir le composant a
soumettre a essai

Y

Mesure initiale

Y

Appliquer la contrainte |
de température Mesure intermédiairé

Y

Retirer la contrainte
de température

!

Durée d'essai
atteinte?

IEC
Figure 2 — Logigramme d’essai

Clhoix de I’échantillon

Méthodes de-mesure de la tension Vgg¢p)

tengion 55y peut étre définie par plusieurs méthodes de mesure. Des exemples

Exemple 1: Méthode 1 & courant constant (la tension Vgg (i) est mesurée avec une tension
Vpg constante.)

La Figure 3 et la Figure 4 représentent des schémas des séquences de I'essai d’instabilité
suite a une polarisation positive en température (PBTI, positive bias temperature instability)
et de la courbe Ing en fonction de Vgg pour I'Exemple 1, respectivement. La procédure

de mesure de la tension Vgg() consiste a mesurer le courant drain-source (/pg) tout en
balayant la tension grille-source (Vgg). La tension drain-source (Vpg) est maintenue
constante pour faire circuler le courant /ng Un courant de seuil (/pgp)) doit étre défini pour
mesurer la tension Vg La tension Vggh) est la valeur de Vg lorsque le courant /pg
franchit le courant de seuil au cours du balayage de la tension Vgg. Une impulsion
de conditionnement est appliquée avant de mesurer la tension VGsith): tel que représenté a
la Figure 3. La procédure de conditionnement est décrite en 5.4.
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o4 Contrainte de température
3
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o Contrainte de tension
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E’ Mesure intermediaire
5 N B ,
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3 =
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©
Temps

IEC

Figure 3 — Schéma du protocole d’essai.pour ’'Exemple 1

A

Vps = constant
(par exemple Vpg = 10 V)

Courant de seulil

Courant drain-source

Tension grille-source
IEC

Figure 4 —-)Courbe Ipng en fonction de Vgg pour ’Exemple 1

b) Exemple 2: Méthode 2 a courant constant (la tension Vg ) €st mesurée avec uneftension
Ves|* Vbs:)

La Figure 5. et la Figure 6 représentent des schémas des séquences de I'essai d’instabilité
suitg & une polarisation positive en température (PBTI) et de la courbe /g en fonction

de LGS pLUul :’E)\CIII}J:G 2, IUDpUbt;VUIIIUIIt. La pluuc'GIU|c dc IMMICourtcT dc :G tUIIOiUI VGS(th)
consiste a mesurer le courant /g tout en balayant la tension Vgg. La tension Vpg est
maintenue identique a la tension Vg pour permettre au courant /g de circuler. Un courant
de seuil Ipgyy) doit étre défini pour mesurer la tension Vgg(py. La tension Vg est
la valeur de Vg lorsque le courant /pg atteint le courant /pg) au cours du balayage de
la tension Vgg. La limite du courant /g doit étre définie pour une valeur correspondant

au courant admis sur une échelle normalisée, comme par exemple 250 pyA/A
(par exemple pour un dispositif de 20 A, la limite du courant Ipg est de 5 mA).
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Figure 5 — Schéma du protocole d’essai pour ’Exemple 2 et ’'Exemple 3
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Figure 6.< Courbe Ipg en fonction de Vg pour ’Exemple 2

c) Exemple 3: Méthode d’extrapolation

La A
Le ¢

igure_7représente le schéma de la courbe Ing en fonction de Vg pour 'Exemple 3.
burdnt /pg est mesuré dans le cas Vpg = Vgg. La tension Vggqp) est linte

de I'

axe.des X avec la ligne interpolant la racine carrée de Ipg.

rsection

»

A s/

Racine carrée du
courant drain-source

Vesth) Tension grille-source
IEC

Figure 7 — Courbe Ipg — Vg pour I’Exemple 3
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