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The Effect of Pressure Increase on the Deposition of
Tungsten by CVD using SiH,
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Abstract

Chemieal vapor deposited tungsten films were formed in a cold wall reactor at pressures higher (10~
120torr) than those conventionally employved (< 1torr). SiH,, in addition to H,, was used as the reduction gas.
The effects of pressure and reaction temperature on the deposition rate and morphology of the {ilms were ex-
amined under the above conditions. No encroachment or silicon consumption was observed in the tungsten de-
posited specimens. A high deposition rate of tungsten and a good step coverage of the deposited films were ob-
tained at 40~80 torr and at a temperature range of 360~380°C. The surface roughness and the resistivity of
the deposited film increased with pressure. The deposition rate of tungsten increased with the total pressure in
the reaction chamber when the pressure was below 40 torr, whereas it decreased when the total pressure ex-
ceeded 40 torr. The deposition rate also showed a maximum value at 380°C regardless of the gas pressure in
the chamber. The results suggest that the deposition mechanism varies with pressure and temperture during
the deposition process, and are interpreted as follows:{1)at low pressures or temperatures, the surface reac-
tion determines the overall reaction rate, and (2)at higher pressures( >40 torr)or temperatures( >3607), the
rate is controlled by the transportation rate of reactive gas molecules. It was shown from XRD analysis that
Wi, and metastable 4 —W were also formed in addition to W by reactions between WFs and SiH..
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Fig. 1. SEM micrographs of the tungsten fims on the SiQ,—patternad silicon (deposition
temperature : 360°C. deposition pressures @ (&) 10 torr (B} 20 torr (e} 30 torr

(d) 40 torr (e) 60 torr  (f) 80 torr)
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Fig. 3. Dependence of the resistivity of tung-
sten fitms on the deposition pressure
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Fig. 4. SEM micrographs of the tungsten films on tha Si0;—patierned
silicon {(deposition pressure : 40 torr, deposition temperatures
(2) 300°C (b) 360°C (¢) 380°C (d) 400TC (e 440°CH
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Fig. 6. X —ray diffraction patterns of the tung-
sten films deposited at 440°C
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