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ABSTRACT

Effects of phosphorus doping level in the underlayer polycrystalline silicon film on the thermal
oxidation rate of unannealed CVD-WSis in wet O, ambient were investigated over the tempera-
ture range 800~1000°C and were analysed based on the linear-parabolic rate law. The oxida-
tion rate of tungsten silicide was found to increase with increasing phosphorus doping level in
polysilicon. Both linear rate constant and parabolic rate constant increased with increasing phos-
phorus doping level. The activation energy for the linear rate constant decreased with increas-
ing phosphorus doping level, but the activation energy for the parabolic rate constant seems to

be independent of phosphorus doping level.
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Table 1. Schematic representation of sam-

ple preparation and analysis.

L (100) Silicon Wafer |

T

|—Therma1 Oxidation 1,000 A 1

l Poly -3i Deposition 6,000 A }

|

[LOCL;; Deposition in Poly-Si ‘

|
H& Anneal ‘

L WSi Deposition

H Patternj

Measurement of Resistance,

X-Ray and AES Analysis

]
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Thermal Oxidation

Measurement of Oxide
Thickness, Resistance, X-Ray,
AES, SEM Analysis
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Table 2. Oxidation condition.

Teme . . .
Type | - 800TC 900 1000C
Time
Wet | 20" |u |15|8 [u|15/8 {u [15| 8
Oxi- | 40" {u|15{8 |u (15| 8 |u ({158
dat- | 60" {u (15|8 |u {15{8 ju (15]|8
lon | 807 [u|15|!8 |{u {15|8 |u |15|8

u : undoped polysilicon
15 : doped polysilicon (152 1)
8 : doped polysilicon (152(1])
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Table 3. Comparison of the activation en-
ergies of the linear rate consta-
nts and the parabolic rate con-
stants for the oxidation of the
polycide films with various phos-

phorus doping concentrations.

present work Lie et.al®
P doping
level E(B/A)| E(B) [E(B/A)| E(B)
(100)single | 177 | 105 | 21 | 1l
silicon 1.4
Undoped | 19 | 158 | 1.04 | 137
polycide
Lightly-doped
polycide 1.02 1.58
(15£/00)
Heavily-doped
polycide 0.54 1.76
(82/01)
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Fig.2. Oxide thickness vs. oxidation time
for tungsten polycide in wet O, am-
bient with polysilicon phosphorus

doping level as a parameter at 800
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Fig.3. Oxide thickness vs. oxidation time
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bient with polysilicon phosphorus d-

oping level as a parameter at 900°C.
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the temperature range of 800~1,

000°C.
Aoz nag
.8 =

W/Sie] zAu)71 2.6%0 CVDE 2=l 2g
Atolz=g ojddy HestA HE2 wet
oxidation3}] polycide &4 AR Si
Wel Qe vt dertelzeo] AEutg&
Lo \alXEe g A 43 o 2
S ZEE A9
1) ZEAlol=e AAAstEE a8 B/

A¢l By ZZt dZA Sidle] Py

T

A4A A2E 19913 64

103

10
L000°C
£ 900°¢
<
>
[
&
o
gs
i
%< lr. 800°C
@ N
Z@
]
-
1000*
B 900°C
é‘- 0.1l //
k)
]
o
€
g
£
]
w8
D 800°
§=
< ®
&
=
& .
0.01 1 | 1

158/a ég/o

PHOSPKORUS DOPING LEVEL

undoped

T2 7. SAAS BR(0IN ASEEAS
ool =8xsE.
Fig.7. Oxidation ratc constants vs. phosph-

orus doping level in wet O,.

#AQel &4 (100) ©¢dA Sie) IR
£ 20 9 ad o=y 2RE9 B/A
of g &A43 duvAEs FHAtol=v)
(100) Sixg o 2& §td, Be] oig
#4338} YA FArol =t (100) Si
B ¢ =24

800, 900 I 1,000C¢] RE A3t xd
A AF Sidel Po Fx7F F7HE
we} AstE e d@g A Fried.
B/Agt B £t Py xe ZF7lo wa &
7} gk

B/Agl #43 JduiEe PEzY
of whet Ao

4) Bel 843t duAe Pz dAZ

2)

3 37}



Had gelAlol=e] Fahvtgrd nXe A £ $E9 JE(])

¥ =89 @& RETCAME $3%
&= eage] AQgoz o|Fojyoms
olo] ZAt=PduUt),

g8

1) P. Burggraaf; Semiconductor Internat-

ional; 293, May(1985)..

2) R. R. Razoud, M. E. Thomas and S. L. P-

ressaco; J. Appl. Phys. 53, 5342(1982).

104

3) B. E. Deal and A. G. Grove; J. Appl. Ph-
ys. 36, 3770(1965).
4) L. N. Lie, W. A. Tiller and K. C. Sara-
swat; J. Appl. Phys. 56(7), 1(1984).
5) K. C. Saraswat and Harinder Singh; J.
Electrochem. Soc. 129(10), 2321(1982).
6) R. Liu, S. P. Murarka and J. Pelleg; J.
Appl. Phys. 80(9), 3335(1986).
7) J. E. E. Baglin, F. M. d'Heurle and C. S.
Peterson; J. Appl. Phys. 54, 1849(1983).
8) C. P. Ho, J. D. Plummer and J. D. Mein-
dl; J Electrotbem: Soc. 125(4),665(1978).

(19909 94¥ 11¥ H+)



