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Evaluation of Mobile Ion Contamination in Tungsten-Gate MOS Process

Using Triangular Voltage Sweep Method
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Mobile ion contamination in tungsten (tU) gate M0S fabri-cation is studied using. triangul-ar voltage sweep (TVS). It isproved that mobiLe ionic contaminants in Si0r fihn come from
MOS gate electrode or photoresist film in W-gate MOS fabri-cation. It is found that the change in MOS chaiacteristics dueto this contamination is related to the sodium (Na) concen-tration of electrode materj-aL or photoresist film, increased bythe electric field induced during ashing in 0r plasma. A W-gatb
MOS device free from mobil-e ion contamination i; obtained uJinga lighly purified Ul sputtering target and reduci-ng the electrilcal field caused by plasma ashing process.

1. Introducti-on
Refractory metal has been consid-

ered for application to MOS VLSI s

authors have therefore developed a

fabrication process for tungsten (til)

gate MOS devicesl),r). However, there
are long-standing problerns of mobile

c-3-3

are positive-type (100) oriented and
have 9-12 ohm. cm res j,stivity. Af ter
oxldatj-on, W film is deposited by DC

target s with different purities.
W (III) is the purest target. W-gate
electrode (lnmr ) is patterned by wet
etching to avoid damage due to dry
etching. Mobile j.onic contaminants
are measured by triangular voltage
sweep (TVS)t),{r and bias temperature
(BT) test.

Mobile ionic contaminants per hl

target are shown in Table 1. When

becauso of itB low r€slstivity. The nagnetron Bputtering using three

ion contamination in rnetaL-gate
f abricati-on.

This paper attributes mobiLe
contamination to impurities in
gate el-ectrode materials and photo-
resist film used in photolithography.
I t al-so describes a f abri-cation of hl-
gate MOS devices free from mobile ion
cont aminat ion.

2. Experiment
2, L Evaluation of contaminants from

[til electrode.
W-gate MOS samples are prepared as

shotrrn j-n Fig. 1. The thermal Sj-Or film
(20 nm) used in our experiment is
grown at 950t in dry 0r atmosphere on

i-s used, the amount of contami-
is below the TVS detection
(5 x 10e /cm8 ). Thus mobile ion

M0s

ion
M0s

u](rrr)
nant s
limit
contamination from trtI electrode is
below the detection limit if a highly
purif,ied sputtering target is used.

2. 2 Contaminati-on caused by photo-
resist ashing process

Mobile i.on contamination caused in
CMOS f abrication proces ses usJ-ng

4-inch silicon wafers. TheB6 safers photore8lst for a nast is studied
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Fig. 1 Sample preparation procedure

Table 1 Evaluation results of mobile
i.on contaminants from W electrode

Gate
el-ect rode

Na concen-
tration
(ppb)

Mobil-e i.on (cm-D

TV S BT

w (r) 10 5.0 x10rr 6.5x1orr

w (r) c.01 -7x10e ( s * 19't

w (ur) -0.01
:fi

(5x1os (sx1o't
( * detection limit)

using a W-gate MOS fabricated with a

highly purified sputtering target. A

positive-type photoresist is used.
Impurities in this photoresist are
analyzed by Inductively Coupled Argon
PIasma Spectroscopy (ICPS), &s shown

in Table 1. Na concentration is 762
ppb. A barrel. ashing machine strips
the photoresist coati-ng from 4-inch
wafers (0. 5-1. 5 fm thickness) in 0r
plasma. Ashing conditions are 200 $il, 1

torr, 10 min. Contamination is mea-

Table 2 Photoresist impurities

lil-emen t

I mpurJ. ty
concen-
bra bion(p p b)

AI 8, 4
B 6. 4
Ca B. g

Cr 3. 7
Cu L"7. B

Fe 324
K 10. g

Ms 1g. g

Mn 0. I
Na 762
Ni 6. g

P 267
Ti L, 4
Zn 1. 4

sured by TVS at 200t after heat treat-
ment at 950t for 30 min in Nr at-
mos phere.

The dependence of mobile ionic
contamj-nant density (D, o o ) on photo-
resist thickness is shown in Fig. Z.

No contaminants are detected for 0r
plasma treatment alone, without photo-
resist. However, contaminant s are
detected when photoresist is usedt ) .

Furthermore, cotamlnants increase as
photoresist fihn thickness increases.
It is therefore concluded that these
contaminants come from the photo-
resi,st materials.

Surface potential change due to 0s

plasma ashing is measured. MN0S

capacitor is used in which hl, Sj-a N*

and SiOr thickness are 250 rm, S0 nm

and 2nm respectively. I f an electrj_c
fiel-d forms in SiOr during electric
charging, the MNOS capacitor C-V
curve shifts in voltage axis. Thus
the MNOS C-V characteristi.cs indicate
surface potential.

D, o o dependence

Oxidation
(20 nm)

hI Deposition
(250 nm)

NE Annealling
(950t, 30 min)

Gate Patterning
TVS measurement

+

si0z
Si

W

Si0z
Si

IilI

si02
Si
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Fig. 2 Mobile ion density, D. o o ,depending on photoresist film
t hickne s s

tion is shown in Fig. 3. Surface
potentials caused by 0r plasna treat-
ments I, II, and III are about L2

(V) , 1 (V) and below 0. 1 (V) . In
treatment I, D, o o value is very high
depending on Na concentration in
photoresist. D, o o increases depending
on surface potential during 0r Plasma
treatment as Fig.4 shows. This sur-
face potential is estimated from C-V

characteristi-cs. I t is very usef ul to
reduce surface potential and to
lightly etch the Si0r surface to
eliminate mobile ionic contaminants.

3. Discussion
As concluded above,. there are tvuo

contaminant sources, the metal elec-
trode and the photoresist. Using a

highly purified target can reduce
contaminants from the electrode to a

negligible level.
The mechanism of

10' 70, 10"

Na concen'lrrati-on
in resisb (ppb)

!.ig. 3 Mobil_e ion density, D, o o ,depending on sodium concentration inphotoresist

from the photoreslst during plasma

ashing is considered to follow these
steps: (1) impurities in photoresist
cannot be removed and so remain on

the wafer surface i Q) these lmpurl-
ties are driven into Si-0r by electric
charging during ashing; (3) these
impuriti-es renain in SiOr even after
light etching with diluted HF. They

diffuse through SiOs during heat
treatment. It is very important to
reduce this charging duri-ng ashing
and to lightly etch the Si0r film
surf ace to minimize mobiLe i.on con-
tamination. Contaminant-free W-gate
MOS is obtained by using a highly
puri f ied fil target and reduci.ng
surface potentiaL due

a s hing.contaminat ion
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Fig. 4 Mobile ion density, D, o o ,
depending on surface potential due to
plasma ashing

4. ConcLusion
Studying mobile ion contamination

in tungs ten (til) gate M0S f abricat j.on
reveals the following:
(1) Mobile ionic contamlnant density
can be reduced below S x 10e /cmr (TVS
detection limit) using a highly
purified W target for sputterj_ng j_n

which impurj_ties such as Na are
reduced to bel_ovu 10 ppb concentratj-on.
(2) Mobile ion contamination occurs
in W-gate CMOS fabrication during
photoresist ashing using oxygen
plasma. Mobile j-on density strongly
depends on Na concentration j-n
photoresist fil_m and on surface
potential caused by oxygen plasma.
(3) &l-gate MOS devices free from
mobile ion contamination are obtained
by reducing surface potential caused
by plasma ashing.
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