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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DYNAMIC ON-RESISTANCE TEST METHOD GUIDELINES
FOR GaN HEMT BASED POWER CONVERSION DEVICES

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 in
co-operation on all questions concerning standardization in the electrical and electronic fields. To th

ternational
is end and

in addit|on to other activities, IEC publishes International Standards, Technical Specifications, Techniqal Reports,

Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication|s)”). Their
ion is entrusted to technical committees; any IEC National Committee interested in the(Subjeqt dealt with

may patfticipate in this preparatory work. International, governmental and non-governmental organizatipns liaising

IEC also participate in this preparation. IEC collaborates closely with the International Orgahization for

Standafdization (ISO) in accordance with conditions determined by agreement between 'the two orgapizations.

consensus of opinion on the relevant subjects since each technical committee‘has representati
interested IEC National Committees.

al decisions or agreements of IEC on technical matters express, as nearly-as)possible, an ijternational

n from all

IEC Puplications have the form of recommendations for international use “and are accepted by IHC National

Committees in that sense. While all reasonable efforts are made to ensure that the technical con

ent of IEC

Publicalions is accurate, IEC cannot be held responsible for the anay-in which they are used |or for any

misintefpretation by any end user.

In ordef to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
transpafently to the maximum extent possible in their national and regional publications. Any divergenfe between
any IEQ Publication and the corresponding national or regional_publication shall be clearly indicated ip the latter.

IEC its¢lf does not provide any attestation of conformity'ZIndependent certification bodies provide

conformity

assessinent services and, in some areas, access to IEC marks of conformity. IEC is not responsiple for any

service$ carried out by independent certification bodies.

All useris should ensure that they have the latest edition of this publication.

No liabjlity shall attach to IEC or its directors; employees, servants or agents including individual gxperts and
membefs of its technical committees and |EC National Committees for any personal injury, property|damage or

other damage of any nature whatsoever; "whether direct or indirect, or for costs (including lega
expensges arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicalions.

fees) and
other IEC

Attentign is drawn to the Normativé references cited in this publication. Use of the referenced puljlications is

indispepsable for the correct-application of this publication.

Attentign is drawn to the possibility that some of the elements of this IEC Publication may be the subjefct of patent

rights. [EC shall not be‘held responsible for identifying any or all such patent rights.

IEC 63373 has been prepared by IEC technical committee 47: Semiconductor devices. It is an

Internatiqnal Standard.

This staridard is based upon JEP173 1|.1 It is used with permission of the copyrigh

JEDEC Solid State Technology Association.

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

Draft Report on voting

47/2690/CDV 47/2735/RVC

t holder,

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.

1

Numbers in square brackets refer to the Bibliography.
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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.

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.

IMPORTANT - The "colour inside" logo on the cover page of thisidocument indicates
that it cpntains colours which are considered to be useful for the correct understanding
of its cpntents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document is intended for use in the GaN power semiconductor and related power electronic
industries, and provides guidelines for measuring the dynamic ON-resistance of GaN power
devices.

Gallium Nitride (GaN) lateral power High Electron Mobility Transistor (HEMT) conducts through
a two-dimensional electron gas (2DEG) in ON-state operation. Due to the various stress
conditions that the device encounters during power electronic switching applications, some
charge could get trapped in specific regions of the transistor structure. The trapped electrons
cause an increased ON-resistance when operated in a switching environment. This
phenomenon is known as current collapse and the ON-resistance at switching operation is
called dy i i i isti i i —creased
dynamic [ON-resistance translates to higher power loss, thereby reducing overall system
efficiency. Not verifying the dynamic ON-resistance characteristic can put GaN dévice Jreliability
at risk [2].

The test nethods provided in this document can be used as a guideline for-measuring dynamic
ON-resisjance of GaN power device, focused on lateral HEMT technologies. These fhree test
methods [can be applied for datasheet, process control, technology development, final tests and
other usgge. Parasitic effects impact high precision measurements”and wafer level [ests can
minimize| parasitic effects. Additionally, self-heating can impact the package leyel tests
dependinlg upon the package thermal characteristics.
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DYNAMIC ON-RESISTANCE TEST METHOD GUIDELINES
FOR GaN HEMT BASED POWER CONVERSION DEVICES

1 Scope

In general, dynamic ON-resistance testing is a measure of charge trapping phenomena in GaN
power transistors. This publication provides guidelines for testing dynamic ON-resistance of
GaN lateral power transistor solutions. The test methods can be applied to the following:

a) GaN
b) GaN

bnhancement and depletion-mode discrete power devices [3];

ntegrated power solutions;

c) the above in wafer and package levels.

The pres
reliability

cribed test methods can be used for device characterization, production
evaluations and application assessments of GaN power caonversion devi

document is not intended to cover the underlying mechanisms of dynamic ON-resist

its symbg

2 Norr

lic representation for product specifications.

hative references

There arg¢ no normative references in this document.

3 Tern

s, definitions, symbols and abbreviated terms

3.1 Terms and definitions

No terms|

ISO and
addresse

e |ECE
e [SOC

and definitions are listed in\this document.

IEC maintain terminological databases for use in standardization at the
S:

lectropedia: available at http://www.electropedia.org/
nline browsing platform: available at http://www.iso.org/obp

3.2 Symbolsand abbreviated terms

testing,
ces. This
Aance and

following

Symbol g

r abbreviation Name or term

DUT

B ; Lol T "
DevVIicConMaeT TSt

VDD

Supply voltage

DS

Drain to Source Voltage of DUT

%

GS

Gate to Source Voltage of DUT

D1

Free-wheeling diode

L

Inductance

R

Resistance

Capacitance

Ip

Drain current of DUT in ON-state

VDS(ON)

Drain to Source Voltage of DUT in ON-state

R

DS(ON)

Drain to Source Resistance of DUT in ON-state
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Symbol or abbreviation Name or term

VDS(OFF) Drain to source voltage of DUT in OFF-state

VGS(ON) Gate to source voltage of DUT in ON-state

VGS(OFF) Gate to source voltage of DUT in OFF-state

- OFF-state pulse width

tyn ON-state pulse width

;m’on measurement timing in ON-pulse

t Soft-switching delay time between the OFF and ON pulse or vice-versa, with
dn n=1or2

f Frequency

N Number of pulses

Tc Case temperature

PPeak Instantaneous peak power, applicable for only hard)switching
EPuIse Energy dissipated per pulse, applicable for onlyhard switching

4 Tesf circuits and waveforms

4.1 Gdneral

GaN power transistors typically are being targeted-for both hard and soft-switching t¢pologies
for powel conversion applications.

Hard swiiching conditions refer to the overlap of the voltage and current waveforms when the
power dgvice switches either from ON:to-OFF or OFF-to-ON states. Typical hard-pwitching
topologiefs include totem-pole Power-Factor Correction (PFC) boost converters, buck cpnverters,
motor control inverter and single-ended fly-back circuits.

Soft swit¢hing conditions refer'to conditions where there is no or minimal overlap of the voltage
and currgnt waveforms when the GaN power device switches between the ON- and ORF-states.
Typical $oft-switching, topologies include Zero Voltage Switching (ZVS) converters, LLC
converters, Active Clamp Fly-back (ACF), etc.

Resistivel loadsswitching is another type that is not typically seen in the power glectronic
applicatigns whose overlap of voltage and current waveforms fall in between the harq and soft
switchind typés. However, the easier implementation of this switching type makes it pttractive
for the device Tevel characterization and festing purposes.

As described above, current-voltage loci are the crux that determines the switching type. The
loci of above three switching types are explained with great detail in here [4]. The following 4.2
and 4.3 cover the dynamic ON-resistance measurement methods for these three switching

types.

Minimizing parasitic effects when performing high precision measurements is recommended.
Wafer level tests can be used to minimize parasitic effects when performing high precision
measurements. For package level tests, the impact of package thermal characteristics should
be considered so as to minimize any device under test (DUT) self-heating implications.

4.2 Inductive and resistive switching methods

A hard-switching inductive and resistive loaded test vehicle that is analogous to what is
generally termed the “double-pulse” tester in power electronic applications [2] is shown in
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Figure 1. Another depiction of the double-pulse tester is shown in Figure 2, which illustrates
that the double-pulse tester is equivalent to a boost converter with the input tied to the output
[5]; note that R| ,,4 = O in this depiction.

D1

RLoad

W
\<

J

Clamped Vpg
sampling
circuit

|
DUT'I:

Gate driver '

IEC

Figure 1 — Inductive-resistive load “double-pulse™ test circuit for hard-switching
evaluation

:

| o
|

+ BC GaN FET

sampling
circuit

Clamped Vpg

IEC

Figurg 2 ~ Depiction of the hard-switching “double-pulse” test circuit (showihg its
similarity to a boost converter)

When a power transistor switches at high voltages, measuring the drain-to-source ON-state
voltage with a passive probe in combination with an oscilloscope can be quite challenging, as
the oscilloscope’s dynamic-range precision may not be adequate. As an example, consider a
device with an ON-state voltage of 0,5 V at 1 A of drain current switching from 400 V in the
OFF-state. An 8-bit oscilloscope configured to measure the 400 V OFF-state voltage will have
a resolution of 1,562 5V (= 400/28), which is not sufficient to measure the 0,5 V ON-state
voltage. The measurable voltage has an error of more than 3 times the actual voltage in this
example and this further increase to 30 times to detect a 10 % dynamic ON-state voltage drift.
To circumvent such problems, a circuit may be employed to clamp the high OFF-state voltage
on a low-voltage measurement probe without compromising the ON-state voltage.

Since the clamped sampling circuit reduces the voltage swing quite significantly on the
measurement probe, the dynamic ON-state voltage of the power transistor can be effectively
measured, from which its dynamic ON-resistance is calculated using Ohm’s law. Some
examples of voltage clamp sampling circuits are reported in [6] and [7].
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It is to be noted that if R| 54 = 0 in Figure 1 (which makes the circuits of Figure 1 and Figure 2

identical), the circuit is nothing but a standard power electronics double-pulse or boost test
circuit. The hard-switching circuits presented in Figure 1 and Figure 2 provide the flexibility of
running tests either in single-pulse, double-pulse or continuous-pulse modes. They provide high
impedance on the drain, which lowers Vg without the need for an additional synchronized

tester resource. A high impedance may also be achieved by setting L = 0 and using a high-
value resistor making this a pure resistive switching. The single and double-pulse test modes
are often advantageous in production environments where fast switching characterization is
needed, whereas the continuous-pulse test mode is beneficial for longer-term device
characterization and reliability evaluation. The flow chart for inductive and/or resistive switching
load-based measurement is presented in Figure 3, and Figure 4 shows the representative hard-
switching waveforms of a GaN power transistor in the Figure 1 and Figure 2 test circuits when
subjecte i isti itchi ircuit, the DUT
current irf ON-state stays constant unlike the inductive load circuit where the current increases
linearly with time. A high-performance clamp circuit design may be required to.méasure the
drain-to-gource dynamic ON-resistance in <1 us after the device transitions from the QFF-state
to the ON-state. The Rpg(on) is evaluated dynamically during the period when the fransistor

gate is ON as RDS(ON) = VDS(ON)/[D'

1. Experimental setup
(Inductive and/or resistive
load switching with clamp circuit)

Y

2. Setup Switching conditions

(On/Off time, frequency,temperature etc.)

Y

3. Perform switching

Y

4. Measure Ipg and Vg in ON state

Y

5. Calculate dynamic ON-resistance

IEC

Figure 3=Simptified-flowchart-for-inductive-andforresistive-switchingbased-dynamic

on-resistance test
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IEC

i
VGS(ON) fasessannase
Vbs(oN) M_
loff | fon
Im, on . Rps(on) = Vpson) ! Ip
Vbs(oFF) . r_.
Vbs(on) .
Figure 4 — Representative continuous-pulse*hard-switching waveforms for measuring

4.3

The puls
electroni
hence is

dynamic on-resistance using the test circuits in Figure 1 and Figure 2

Pulsed current-voltage (I-V) method

ed |-V technique is analogous to soft switching, which is widely used in
s. This method involves-pulsing the gate and drain voltage signals independéntly, and
branded as a classic\‘double pulse” technique in the RF world, thus potential

GaN RF

y leading

to confugjion since this termyis used in the power electronics world to refer to a hard-pwitching

test, as d
to fulfil p
and test

low respectively for soft switching.

iscussed aboveé.,;Using this approach, a few manufacturers have developed
bwer electronic: requirements [8]. Figure 5 and Figure 6 provide simplified test setup

systems

IEC

Figure 5 — Example test circuit for soft-switching on-resistance measurement
(the gate and drain terminals are pulsed with independent voltage signals)
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1. Experimental setup

v

2. Setup Switching conditions

(On/Off time, frequency, temperature etc.)

Y

3. Perform switching

!

4. Measure Ing and Vg in ON state

1

5. Calculate dynamic ON-resistance

IEC

Figurg 6 — Simplified flowchart for soft switching based dyhamic on-resistang

As illustrated in Figure 7, the gate is initially pulsed ON whilesthe drain is pulsed to a

Vbs(oN) §
may be €
both zerq
Subsequ

uch that the transistor is in the linear region af operation, where the ON-r
valuated as Rpgony = Vps(ony//p- After a pause 744 where gate and drain vg

, the drain is set to a high stress value while the gate remains OFF for a
ently, after a second wait period ¢y, wheére both gate and drain are again b

the ON-

tate gate and drain signals are repeated and the Rpg oy is again measu

measuredl Rpgon) is compared to the initially'measured value to see if any change has
due to tHe high drain voltage stress. This procedure may be repeated, with the drg

voltage
time Loffs

to reliabi
soft-switd
gate and

tepped to a higher value between each Rpgon) measurement. Note that t
epresents both the DC and:pulsed states. As an example, the DC state can cd

ity stress time in qualification. On the other hand, the pulsed state may correg
hing applications. Similar methods may be employed with continuous switchin
drain pulses withya definite frequency. The soft switching test methods ¢

e test

ow value
psistance

ltage are

time toff.
oth zero,

red. This
occurred
in stress
ne stress
rrespond
spond to

g of both
escribed

above may be applied for wafer and package level characterization, and reliability evaluations.
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A
In  freseececcecees
VDS (OFF) Rps(on) = VisjoN)/ I
VDS(ON) ---------------
. Ton | 741 | Toff | 42 | Ton .y
IEC
NOTE Mejasurement windows are interleaved with stress periods.
Figure 7] — lllustrative timing diagram for measuring.dynamic ON-resistance under OFF-

5 Reqtiirements

state stress in soft-switching mode

The list below provides the critical patameters whose numerical values are requifed to be

recorded

Ipply voltage;

se temperature;

S
C
D

toff OFF-state pulse width;
ON-state\pulse width;
M

m,on
tdn D
for soft switching;
f Frequency;
N Number of pulses;

ain current of DUT in ON-state;

pasurement timing in ON-pulse;

Ppoak Instantaneous peak power (optional), applicable only for hard switching;

Epyse Energy dissipated per pulse (optional), applicable only for hard switching.

iTable only

For a desired target DUT case temperature ‘T¢’, it is recommended to minimize self-heating

effect to avoid any of its impact on dynamic ON-resistance measurement data. Choosing a low
turn-on duty cycle in the test method will allow the case temperature to be very close to the

DUT junction temperature.
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During all the continuous mode operating tests, it is recommended to note down the time stamps
at which the measurements are performed once the test begins for appropriate interpretation of
results over time.

Provided that the test includes non-continuous switching such as the single-pulse mode or the
traditional double-pulse test mode, it is required that individual ON and OFF pulse widths for
such tests be specified.
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L'IEC 63373 a été établie par le comité d’études 47 de I'l|EC: Dispositifs a semiconducteurs. Il
s’agit d’'une Norme internationale.

La présente norme repose sur le document JEP173 [1].1 Elle est utilisée avec la permission du
détenteur du droit d’auteur, JEDEC Solid State Technology Association.

1

Les nombres entre crochets renvoient a la Bibliographie.
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INTRODUCTION

Le présent document est destiné a étre utilisé dans les industries de semiconducteurs de
puissance en GaN et les industries connexes de I'électronique de puissance, et fournit des
lignes directrices de mesure de la résistance dynamique a I'état passant des dispositifs de
puissance en GaN.

Les transistors de puissance latéraux a mobilité des électrons élevée (HEMT- High Electron
Mobility Transistor) en nitrure de gallium (GaN) conduisent le courant a travers un gaz
bidimensionnel d’électrons (2DEG) en mode de fonctionnement a I'état passant. En raison des
différentes conditions de contrainte que le dispositif rencontre lors des applications de
commutatlon electronlque de pwssance certames charges peuvent etre plegees dans des
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utation. Ce phénomene est connu sous le nom de chute de courant et (a resrestance a
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stique de la résistance dynamique a I'état passant peut mettre en danger |
sitifs en GaN [2].
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LIGNES DIRECTRICES POUR LES METHODES D’ESSAI DE RESISTANCE
DYNAMIQUE A L’ETAT PASSANT DES DISPOSITIFS DE CONVERSION DE

PUISSANCE FONDES SUR LES HEMT EN GaN

1 Domaine d’application

En régle générale, I'essai de résistance dynamique a I'état passant est une mesure des
phénoménes de piégeage de charge dans les transistors de puissance en GaN. La présente

publicati

ndonne des lianes directrices nour 'essai de résistance dvnamiague a 'éta
~J T J 1

passant

des solut

appliquégs aux éléments suivants:

a) dispo
b) soluti
c) dispo
Les méth
les essai
dispositif
les méca
symboliq

2 Réfé

Le prése

3 Tern

3.1 Termes et définitions

Aucun te

L'ISO et
en normg

e |ECE
e [SOC

ons de transistors de puissance latéraux en GaN. Les méthodes d’essai pey

Sitifs de puissance discrets en GaN a mode d’enrichissement et de‘déplétior
bns de puissance intégrées en GaN;
Sitifs et solutions ci-dessus au niveau des plaquettes et des-boitiers.

odes d’essai spécifiées peuvent étre utilisées pour la caractérisation des d

vent étre

[3];

spositifs,

s de production, les évaluations de fiabilité et les évaluations de I'application des

5 de conversion de puissance en GaN. Le présent document n’est pas destiné
hismes sous-jacents de la résistance dynamique’al’état passant et sa repré
Lle pour les spécifications du produit.

rences normatives

ht document ne contient aucune référence normative.

nes, définitions, symboles et termes abrégés

'me n'est défini dans le présent document.

'IEC tiennentia jour des bases de données terminologiques destinées a étre
lisation,econsultables aux adresses suivantes:

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

acouvrir
sentation

utilisées

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

3.2 Symboles et termes abrégés
Symbole ou abréviation Nom ou terme
DUT device under test (dispositif en essai)
Voo tension d’alimentation
bs tension drain-source du DUT
Vs tension grille-source du DUT
D1 diode de roue libre
L inductance
résistance
C capacité



http://www.iso.org/obp
https://iecnorm.com/api/?name=649af1ee0f667d3c50fe965d298ef771

IEC 63373:2022 © |IEC 2022 -21-

Symbole ou abréviation Nom ou terme
[D courant de drain du DUT a I'état passant
VDS(ON) tension drain-source du DUT a I'état passant
RDS(ON) résistance drain-source du DUT a I'état passant
VDS(OFF) tension drain-source du DUT a I'état bloqué
VGS(ON) tension grille-source du DUT a I'état passant
VGS(OFF) tension grille-source du DUT a I’état bloqué
- largeur d’impulsion a I’état bloqué
tyn largeur d’impulsion a I'etat passant
Lo temps de mesure de I'impulsion a I'état passant
ty temps d’attente de la commutation douce entre I'impulsion-a I’état|bloqué et
n I'impulsion a I'état passant ou inversement, avec n 31 ou 2
f fréquence
N nombre d’impulsions
TC température du boitier
PP . puissance de créte instantanée, apglicable uniqguement pour la commutation
ea dure
EP | énergie dissipée par impulsion,“applicable uniquement pour la coqnmutation
uise dure
4 Circpits d’essai et formes d’onde
4.1 Généralités
Les transistors de puissance en~GaN sont généralement destinés aux topolpgies de

commutaltions dures et douces poutrles applications de conversion de puissance.

Les conditions de commutation 'dure font référence au chevauchement des formes d’onde de
tension gt de courant lorsque le dispositif de puissance passe de I'état passant ON a I'état
bloqgué QFF ou de OFF_a ON. Les topologies types de commutation dure comprennent les
convertispeurs élévateurs a correction du facteur de puissance en totem pole, les
convertispeurs abaisseurs, les onduleurs de commande de moteur et les circuits indirgcts a une

elles le
| lorsque
le dispositif de puissance en GaN commute entre les etats ON et OFF Les topologies types de
commutation douce comprennent les convertisseurs ZVS (Zero Voltage Switching -
convertisseurs de commutation a tension nulle), les convertisseurs LLC (logical link control —
convertisseurs a contrble de liaison logique), les circuits ACF (Active Clamp Fly-back - circuits
indirects a verrouillage actif), etc.

La commutation de charge résistive est un autre type de commutation qui n’est généralement
pas utilisée dans les applications de I’électronique de puissance et dont le chevauchement des
formes d’onde de tension et de courant se situe entre les types de commutation dure et douce.
Cependant, la facilité de mise en ceuvre de ce type de commutation la rend intéressante pour
la caractérisation et les essais au niveau du dispositif.
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Comme cela est décrit ci-dessus, les schémas de commutation courant-tension constituent
I’élément crucial qui détermine le type de commutation. Les schémas des trois types de
commutation ci-dessus sont expliqués en détail en [4]. Les 4.2 et 4.3 suivants traitent des
méthodes de mesure de la résistance dynamique a I’état passant pour ces trois types de
commutation.

Il est recommandé de réduire le plus possible les effets parasites pendant les mesurages de
haute précision. Il est possible d’utiliser les essais au niveau de la plaquette afin de réduire le
plus possible les effets parasites lors des mesurages de haute précision. Pour les essais au
niveau du boitier, il convient de prendre en considération l'impact des caractéristiques
thermiques du boitier afin de réduire le plus possible les effets d’autoéchauffement du dispositif
en essai (DUT - device under test).

4.2 Mdthodes de commutation inductive et résistive

La Figurg 1 représente un véhicule d’essai de commutation dure a charge inductive etrésistive,
similaire pu dispositif généralement appelé appareil de contréle a "double impulsion"|dans les
applicatigns de I'électronique de puissance [2]. La Figure 2 donne une autre représerjtation de
I'appareill de contréle a "double impulsion" et indique que cet appareiDest équivalent a un
convertisseur élévateur avec I'entrée attachée a la sortie [5]. Notep-que R| ,,q4 = 0 dans cette

représentation graphique.

D1

RLoad

J

Circuit
d’échantillonnage

|
DUT'I:

a verrouillage
de la I'pg

Rilote de grille

IEC

Figlrre 1 — Circuit d’essai "double impulsion™ a charge inductive-résistive gour
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Figurej — Représentation du circuit d’essai "double impulsion” pour I’évaluatipn de la
commutation dure (indiquant sa similitude avec un convertisseur élévatetir)
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IEC

Lorsqu'un transistor de puissance commute a des tensions élevées, le mesurage de Ip tension
drain-soyrce a I'état passant a I'aide d’'une sonde passive combinée a.un oscillosgope peut
s’avérer pssez difficile, car la précision de la plage dynamique de I'osg¢illoscope pelit ne pas
étre adédquate. Prenons I'’exemple d’un dispositif dont la tension pas'se de 400 V a I'étpt bloqué
a une terlsion de 0,5 V a I’état passant pour 1 A de courant de drainZ Un oscilloscope|de 8 bits
configurd pour mesurer la tension de 400 V a I'état bloqué présente une résolution de 1,562 5V
(= 400/29), ce qui n’est pas suffisant pour mesurer la tension de 0,5 V a I'état passgnt. Dans
cet exemple, la tension mesurable présente une erreur supétieure a 3 fois la tension réelle et
cette errgur augmente jusqu’a 30 fois pour détecter une dérive dynamique de 10 % de lfa tension
a I'état ppssant. Pour contourner ces problémes, un circuit peut étre utilisé pour verfouiller la
tension éflevée a I’état bloqué sur une sonde de mesure a basse tension sans comprgmettre la
tension 3l I'état passant.

Dans la mesure ou le circuit d’échantillonnage a verrouillage de tension réduit de mani¢re assez
significat|ve l'oscillation de la tension sura sonde de mesure, la tension dynamiqut a l'état
passant ¢lu transistor de puissance peut-étre mesurée efficacement. A partir de cettq tension,
la résistance dynamique a I'état passant du transistor de puissance est calculée en utilisant la
loi d’Ohm. Quelques exemples dercircuits d’échantillonnage a verrouillage de tengion sont
consignég en [6] et [7].

Il faut noter que si R ,,4-=.0 a la Figure 1 (ce qui rend les circuits de la Figure 1 et |g Figure 2

identiquess), le circuit n’est rien d’autre qu’un circuit d’essai normalisé double impulsfon ou un
circuit d’essai élévateur de I'électronique de puissance. Les circuits de commutagion dure
représeniés a la Figure 1 et la Figure 2 offrent la possibilité de réaliser des essais enfmodes a
impulsior] unique,”a double impulsion ou a impulsion continue. lls fournissent upe haute
impédange ,supr le drain, ce qui abaisse Vpg sans la nécessité d'une ressourcI d’essai

synchronfjsée” supplémentaire. Une impédance élevée peut également étre obtenue en
établissant L = 0 et en utilisant une résistance de grande valeur, ce qui en fait une commutation
purement résistive. Les modes d’essai a une seule impulsion et a double impulsion sont souvent
avantageux dans les environnements de production dans lesquels une caractérisation rapide
de la commutation est nécessaire, tandis que le mode d’essai a impulsion continue est
bénéfique pour la caractérisation a plus long terme des dispositifs et I'’évaluation de la fiabilité.
L'organigramme de mesure de la charge de commutation inductive et/ou résistive est
représenté a la Figure 3. La Figure 4 représente les formes d’onde de commutation dure
représentatives d’un transistor de puissance en GaN des circuits d’essai de la Figure 1 et de la
Figure 2 lorsqu’ils sont soumis a des impulsions de grille continues. Dans un circuit d’essai de
charge de commutation purement résistive, le courant du DUT a I'état passant reste constant,
contrairement au circuit de charge inductive dont le courant augmente linéairement en fonction
du temps. Un circuit de verrouillage haute performance peut étre exigé pour mesurer la
résistance dynamique drain-source a I'état passant en valeur <1 us aprés la transition du
dispositif de I'état bloqué a I'état passant. La résistance Rps(oN) est évaluée dynamiquement

lorsque la grille du transistor est a I'état passant de sorte que Rpgon) = Vbs(on)//p-
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