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Abstract

Tungsten silicide films were deposited on the phosphorus~doped poly-Si/SiO:/Si-substrates
by LPCVD(low pressure chemical vapor deposition). The formation and various properties of
tungsten silicide processed by furnace annealing in N ambient were evaluated by using XRD,
AFM, 4-point probe and SEM. And the redistribution of phosphorus atoms has been observed
by SIMS. The crystal structure of the as-deposited tungsten silicide films were transformed
from the hexagonal to the tetragonal structure upon annealing at 550C. The surface
roughness of tungsten polycide films were found to very smoothly upon annealing at 850C and
low phosphorus concentration in polysilicon layer. The sheet resistance of tungsten polycide
films are measured to be 2.42/ ] after furnace annealing at 1100T, 30min. It was found that
the sheet resistance of tungsten polycide films upon annealing above 1050T were independant
on the phosphorus concentration of polysilicon layer and furnace annealing times. An
out-diffusion of phosphorus impurity through tungsten silicide film after annealing in O:
ambient revealed a remarkably low content of dopant by oxide capping.
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Fig. 2. Sheet resistance of W-polycide films
as a function of annealing tem-—
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Fig. 3. Sheet resistance of W-polycide films
as a function of annealing tem-
perature and phosphorus concen-
tration in polysilicon layer.
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Table 1. The surface roughness of
W-polycide films with annealing
temperature

lem‘l\):;‘:t‘diz*(() as-dep| 450 | 550 [650| 850 |1050
Surface

R(%;‘;Lf‘(m 117 {130 | 1o5 | 123] 95 | 100
g 55 ki

e Tt

38 4. A Lmel WE Haml Felro] =zt
o] AFM &4

Fig. 4. AFM morphology of W-polycide
films as a function of annealing

temperature,
as-dep Rms rough : 151A
600
450¢C Rms rough : 243A
[/ - .
g 550°C Rms rough : 135A
[ =4
§ 400F N\~
g 650C Rms rough : 1884
o 600F
° -
]
g 850°C RAms rough : 84A
N
1050C Rms rough : 108A
400}

0 0.4 08 1.2 1.6 2.0
Trace Distance (zm)

a2l 5 A¥e] Lwel WE ganl Fejaje|en
o] 9 A3

Fig. 5. Surface roughness of W-polycide
films as a function of annealing
temperature.




19964

TZ22| Folzr}l vehr] AxRE 450
CollA 713 AAA eluton], tetragonal 7323l
650 TN = AAA Jepdrl Tetragonal F+3&29) #
ojznt EAfEE 850ToAlH 714 & AA7IE e}
Wer 850 ool tfAl Z7lslsdct o1z o
A TErt Figtel] whepa] il dejalel=e) A
Ao Z7isl7] wiitolr}

T3k WAsle] Zhzb 120/ 332/ 482/ 1
oA Ae]Zel Z2x3 B ae Alg|alolenke N, &
714 850ToAlM 3087 dA=gt 1 A7
27t 141A. 64A, 36Aclsict obAA Helddel =
Agfo] AP . al 7} 2SS AAA Y
Eltet. o]71E POClsE o]83le] opdd el o
£ =95p <l wF vl SEeE odRy Ae
o] Agio] Ax|7] w1

SH(stress)v= of2l7k] a2l wet whgsied)
g A 8Qlo B v]we) whut Alojo) Az} 2
A3Hlattice mismatch), 7|=} upat xjole] oy
Zfo], wimtel ofsby txel BAdo| whE intrinsic 5

52 E S U P dxjelg wan Eepa
Zuke sjgat Alegjafelm ale]e] AfA} Al o]
o ofsle] opr|dl Ao AR 2% 104 <4t
dxeigt Bl Fejrjelmekel S8g vlehfiglt)
ojuf vhAA Ale]de] WAL 120/ Igc}.

Hexagonal

ki 2. 947 x| ud gxE Zejalolo
oe] 43

Table 2. Stress of W-polycide films with
annealing temperature.
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