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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MOBILE ION TESTS FOR METAL-OXIDE
SEMICONDUCTOR FIELD EFFECT
TRANSISTORS (MOSFETs)

FOREWORD

all natjonal . promote

Techniqal as “IEC
Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National Committeq interested

governthental organizations liaising with the IEC also participate in this preparation. IEC collaborgtes closely
with the International Organization for Standardization (ISO) in accordance with) conditions detérmined by
agreemlent between the two organizations.

The forfnal decisions or agreements of IEC on technical matters express, as\nearly as possible, an ijternational
consengus of opinion on the relevant subjects since each technical committee has representatipn from all
interested IEC National Committees.

IEC Puplications have the form of recommendations for international” use and are accepted by IHC National
Commiftees in that sense. While all reasonable efforts are made’ to ensure that the technical confent of IEC
Publications is accurate, IEC cannot be held responsible fer the way in which they are used |or for any
misintefpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
transpafrently to the maximum extent possible in their ‘national and regional publications. Any |[divergence
betweep any IEC Publication and the correspondingiational or regional publication shall be clearly indicated in
the lattg

=

IEC its¢lf does not provide any attestation of conformity. Independent 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 userns should ensure that they haveé.the latest edition of this publication.

No liablflity shall attach to IEC or its*directors, employees, servants or agents including individual ¢xperts and
membefs of its technical committee’s and IEC National Committees for any personal injury, property|damage or
other damage of any nature<whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of ,sthe_publication, use of, or reliance upon, this IEC Publication or any| other IEC
Publications.

Attentign is drawn te, the Normative references cited in this publication. Use of the referenced pulflications is
indispepsable for th€ correct application of this publication.

Attentign is drawnto the possibility that some of the elements of this IEC Publication may be thg subject of
patent flights. IEC shall not be held responsible for identifying any or all such patent rights.

International_Standard 1EC 62417 has been prepared hy |EC technical commlittee 47:
Semiconductor devices.

The text of this standard is based on the following documents:

FDIS Report on voting
47/2042/FDIS 47/2049/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.
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SEMICONDUCTOR DEVICES -
MOBILE ION TESTS FOR METAL-OXIDE
SEMICONDUCTOR FIELD EFFECT
TRANSISTORS (MOSFETS)

1 Scope

This present standard provrdes a wafer level test procedure to determrne the amount of
positive moebi sistors. . It
is applicable to both actrve and parasmc freld effect transrstors The moblle charge ¢can cause
degradat|on of microelectronic devices, e.g. by shifting the threshold voltage of \MO$FETSs or
by inversjon of the base in bipolar transistors.

2 Abbreviations and letter symbols

This standard uses the following abbreviations and letter symbols$

CV test capacitance-voltage measurement
HFCV tegst high frequency capacitance-voltage measurement
Vg gate voltage

oxide thickness

l4s drain-source current

Vyd positive power supply voltage

Vad. max maximum supply voltage

Vi transistor threshold voltage

V4 initial the absolute value ©fjthe threshold voltage before the test
Vsupply the absolute value-of the supply voltage

€ox dielectric constant of the oxide

3 Genegral description

The stre$s applied is on test structures at an elevated temperature where mobile |ions can
overcome thé_energy barriers at the interfaces and the ion mobility in the oxide is slfficiently
high. Tw$ test methods are described in this document.

e Bias temperature stress (BTS)

e Voltage sweep (VS).

The bias temperature stress test is done on transistors. The threshold voltage is determined
from an /44 - V, measurement at room temperature on fresh structures. The threshold voltage
is defined as ﬁwe gate voltage needed to force a fixed drain current through the transistor.
Then, a positive gate stress is applied at a high temperature, to sweep the mobile ions
towards the substrate. After the stress the test structure is cooled to room temperature with
the bias still applied. A second /45 - Vs curve is measured at room temperature. The
sequence is completed with a negative gate stress at high temperature followed by an /y -
V4s measurement at room temperature. Mobile charge causes a shift in the /4 - Vs curve.
Tﬁe distance over which the curve is shifted is a measure of the amount of mobile charge in
the insulator.
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Edge effects of the transistor structure can be taken into account by applying a negative gate
bias for 2 minutes duration at the elevated temperature prior to the BTS measurement.

NOTE Mobile charge in dielectric layers above a large area polysilicon or metal-plate cannot be detected,
because there is no electric field which drives the ions towards the underlying oxide. To overcome this problem
special edge sensitive test structures can be used, that have a large edge/area value, e.g. structures with fingers.

The voltage sweep measurements are done on capacitors. A quasi-static C-V curve is
measured and compared with a low-frequency C-V curve. The ionic displacement current,
which appears as a peak in the quasi-static C-V curve, is indicative of the mobile ion
concentration.

4 Test

equipment

The hot ¢
meter is
needed f
low-frequ
inversion

huck shall be capable of maintaining a temperature of 250 °C. A capagitan
heeded for HFCV measurements and quasi-static C-V measurements A pA
br low-frequency C-V (typical frequency = 1 kHz) measurements; The freq

capacitances differ no more than 10 %.

5 Test structures

The test
capacitor

s are used. The minimum area A, of this capacitor is calculated from th

sweep rgte dV/dt and the lowest measurable current Iy, (determined by the resolut

test equi

where

gq is the

bment) according to the following equation:

Imin Lox

A o= _=min_ox
M &) e -dV /de

permittivity of vacuum.

6 Sample size

The reco

7 Con

Mmmended.sample size is 5.

ditions

ce (LCR)
-meter is
hency for

ency C-V measurements may differ from 1 kHz as long as the accumulation and

structures for bias temperature stress are tramsistors and, for voltage sweep,

b voltage
on of the

(1)

The electric field during stress is as follows:

1,0 MV/cm with a minimum of (operating voltage +10 %) for gate oxide;

+0,2 MV/cm for polysilicon gates on field oxide;

+ 0,3 MV/cm for metal gates on field oxide.

The electric field is calculated as V/t,.
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8.1 Bias temperature stress
The test structures are subsequently subjected to the following procedures:

e measure the first /s - Vs (or HFCV) characteristic at room temperature;

e apply a positive gate bias to collect mobile ions at the silicon/oxide interface;
e ramp the temperature to 250 °C;

e hold 5 min;

e ramp down to room temperature;

e remoye bias;

» measpre the second /ys - V3 (or HFCV) characteristic;

e applyla negative gate bias to collect mobile ions at the gate/oxide interface;
e ramplthe temperature to 250 °C;

e hold % min;

e ramp|down to room temperature;

e remoye bias;

e measpre the third /ys - Vg (or HFCV) characteristic.

lgs - Vgq characteristics may be measured at 250)°C (fast tests). HFCV and [45 - Vg

measurements shall be started with the polarity used-in the preceding high temperatyre stress.

NOTE Reporting of correlation data is required if the sifess temperature deviates from 250 °C by more|than 10 °C.
8.2 Vditage sweep

The devige temperature is 250 °C. The start/stop values of the gate bias are calculated from
the oxide thickness, so that theltmaximum electric field is 1 MV/cm. The stresp field is
+1 MV/cm.

The capdcitors are subsequently subjected to

e a pogitive gate stress of 1 MV/cm for 5 seconds duration to collect mobile iops at the
silicop/oxide interface,

e a lowifrequency C-V measurement,
e a posjtive gate stress of 1 MV/cm for a period of 20 s,
e a qual_l_l_rv—l_ﬂw—l_l_n—ﬂw_w_m-s atic C-V measurement with a negative gate voltage ramp o mV7s.

The electric field is defined as V/,,.

For thick oxides the electric field is limited by the supply voltage of the equipment. The values
for the stress field and the start/stop values may then be reduced, but shall be at least
2 x 105 V/cm.

NOTE Reporting of correlation data is required if the temperature deviates from 250 °C by more than 10 °C.
9 Criteria

The shift in the threshold voltage shall be less than

e 0,02 X Vg4 max With a minimum value of 100 mV for gate oxides, where Vg4 nax is the
maximum voltage difference between V44 pins and ground,;
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*  Viinitial = 1,5 X Vgyppiy for polysilicon and metal gates on field oxide, where Vi jijis is the
absolute value of the threshold voltage before the test, and Vg, is the absolute value of
the supply voltage. If V, initial — 1.5 X Vgppiy < 0, then the shift shall be less than V4/10.

Typical values for the observed shifts are less than 10 mV for gate oxides, less than 1 V for

polysilicon gates on field oxide, and less than 3 V for metal gates on field oxides.

If 1/0-pins are subjected to a voltage higher than the supply voltage in any production
components, then this value shall be used to determine the maximum shift for field oxide
structures.

For bias temperature stress the shift in the threshold voltage in the second and third /ys - Vg

with res;ﬁ&k@—%ﬁ&ﬁ&%&é&hﬂﬁ—&hﬂ—%ﬂﬂ@#&gﬁ%capacitor
measurements) shall be less than the maximum allowed threshold voltage shift definpd above.

For voltafje sweep the maximum allowed mobile ion density (in cm=2) can becalculatpd from

_ &0 Eox " AV

Npax = 2
max q-to, (2)

where
AV, is the maximum threshold voltage shift defined abovg,“and
gg is the permittivity of vacuum.

The mobile ion density is given by N, = Q3/(Axq), where q is the elementary ¢lectronic
charge, and A is the area of the capacitor’/ The total amount of mobile charge @Q,, in the
insulator|equals the area of the peak in“the quasi-static C-V curve. This area is [found by
subtracting the low-frequency C-V curvefrom the quasi-static C-V curve.

10 Repjorting

The samlple size, the maximum allowed threshold voltage shift, the test results|and any
deviationjs from the given-conditions shall be reported.
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La Norme Internationale CEIl 62417 a été établie par le comité d’études 47 de la CEl:
Dispositifs a semiconducteurs.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
47/2042/FDIS 47/2049/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de la CEIl sous “http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date, la publication sera

* reconduite;

s supprimée;

* remplacée par une édition révisée, ou
*+ amendée.
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DISPOSITIFS A SEMICONDUCTEURS -
ESSAIS D’IONS MOBILES POUR TRANSISTORS
A SEMICONDUCTEUR A OXYDE METALLIQUE
A EFFET DE CHAMP (MOSFETS)

1 Domaine d'application

La présente norme fournit une procédure d’essai au niveau de la plaquette pour déterminer la
quantité de—echarge—positive—mobile—atintérieur—des—couches—d-oxyde—danstes—transistors a
semicondqucteur a oxyde métallique a effet de champ. Elle s’applique aux deux tfarsistors a
effets parasites et effets actifs. La charge mobile peut causer des dégradationsdes dispositifs
microéleg¢troniques, par exemple en décalant la tension de seuil des MOSFET$ ou par
inversion|de la base dans les transistors bipolaires.

2 Abréviations et symboles littéraux

Cette nongme utilise les abréviations et les symboles littéraux suivants

Essai CV, mesure capacité-tension
Essais HFCV mesure capacité-tension a haute fréquence

V tension de grille
g
Tox épaisseur d’oxyde
l4s courant drain-source
Vyd tension d’alimentation positive
Vad. max tension d’alimentationymaximale
Vi tension de seuil. dltransistor
Viinitial valeur absolue de la tension de seuil avant I'essai
V. valeur absolue de la tension d’alimentation

alimentat|on

€ constante’diélectrique de I'oxyde

0X
3 Desg¢ription-générale

La contrainte_est appliquée sur les structures en essai a une température élevée g laquelle
les ions 'noblles peuvent traverser les barrleres energethues au niveau des interfaces et a
laquelle | Mt Impor ‘ ment décrit
deux methodes d’essai.

e Contrainte de température de polarisation (BTS)*

e Balayage de tension (VS)2.

L'essai de contrainte de température de polarisation est effectué sur les transistors. La
tension de seuil est déterminée a partir de la mesure de /yg - Vs @ température ambiante sur
des structures nouvelles. La tension de seuil est définie comme Ia tension de grille nécessaire
pour forcer un courant de drain fixé a traverser le transistor. Une contrainte de grille positive
est appliquée a une température élevée pour évacuer les ions mobiles vers le substrat. Aprés
application de la contrainte, la structure en essai est ramenée a température ambiante tout en

1 BTS = Bias Temperature Stress.

2 ys-= Voltage Sweep.
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continuant a appliquer la polarisation. Une deuxiéme courbe [y - VgS est mesurée a
température ambiante. La séquence d’essai se termine par une contrainte de grille négative a
température élevée suivie d’'une mesure de Iy, - V, o & température ambiante. La charge
mobile produit un décalage dans la courbe /4 - V.. La distance sur laquelle la courbe est

décalée donne une mesure de la quantité de charge mobile a 'intérieur de I'isolant.

Les effets de bord de la structure du transistor peuvent étre pris en compte en appliquant une
polarisation de grille négative pendant 2 minutes a une température élevée avant la mesure
BTS.

NOTE La charge mobile a l'intérieur des couches diélectriques au-dessus d’une plaque en polysilicium ou
métallique de grande taille ne peut pas étre détectée car il n'y a pas de champ électrique qui entraine les ions vers
I'oxyde sous-jacent. Pour surmonter ce probléme, il est possible d’utiliser des structures d’essai spéciales
sensibles T des doigts.

Les meslires de balayage de tension sont réalisées sur des condensateurs. Une courbe C-V
quasi-statique est mesurée et comparée avec une courbe C-V a basse fréquengce. Lé courant
de déplagement ionique qui apparait comme un pic dans la courbe C-V quasi-statiquie donne
une indicjation de la concentration en ions mobiles.

4 Equipement d’essai

Le platepu chauffant doit étre capable de maintenir une“-température de 250 °C. Un
capacimétre (LCR) est nécessaire pour réaliser les mesuré€s*HFCV et les mesures C}V quasi-
statiquesl Un appareil de mesure-pA est nécessaire podr les mesures C-V a basse fféquence
(fréquenge type = 1 kHz). La fréquence pour les mesures C-V a basse fréquehce peut
présenter un écart de 1 kHz tant que les capacités*“d*accumulation et d’inversion ne| different
pas de plus de 10 %.

5 Structures d’essai

Les strudtures d’essai pour la contrainte de température de polarisation sont des transistors,
et des cqgndensateurs sont utilisés\pour le balayage de tension. La surface minimalg A, de
ce condensateur est calculée a partir de la vitesse de balayage de tension dV/dt et du courant
mesurable le plus faible ., (déterminé par la résolution de I'équipement| d’essai)
conformgment a:

Lenin -t
A = min_"ox 1
M ooy €0 -dV [ dt (1)

ou

& est la permittivité du vide.

6 Taille d’échantillon

La taille recommandée pour I’échantillon est 5.

7 Conditions
Le champ électrique appliqué au cours de la contrainte est de:
1,0 MV/cm avec un minimum de (tension de fonctionnement +10 %) pour I'oxyde de grille

+0,2 MV/cm pour les grilles en polysilicium sur 'oxyde de champ
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