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Abstract When CVD—W films deposited on the reactively sputter-deposited TiN({), the NH;—RTP
(rapid themal processed) TiN((®), and the furnace —annealed TiN substrate (@) by SiH, reduction, de-
position rate is in the order of )>®@>®) and incubation period of W nucleation is in the order of D<
@<®.

The longest incubation period of nucleation and lowest deposition rate for the CVD—W on the an-
nealed TiN is due to the incorporation of oxygen from the nitrogen ambient containing some oxygen as
contaminant into the TiN film. The higher W deposition rate and the lower incubation period of W nucle-
ation on the RTP—TiN substrate in comparison with those on the sputtered TiN substrate seem to be
due to a negative effect of the high compressive stress of the RTP —TiN on the nucleation and growth of
W. Also the thickness uniformity of the W film deposited on the TiN substrate by SiH, reduction turns
out to be better than that by H, reduction.
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Fig. 1. Schematic representation of process flow
for CVD tungsten sample
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Fig. 2. Schematic representation of the Genus
8720 batch LPCVD reator.
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Table 1. Standard CVD process parameters for
W film.

Temperature| Pressure | SiH, WF; H, Ar
430C  |300m Torr| 67scem |200sccm |3400scem| 400scem

m Zd% ¥ HE

Fig3 (a)—(c)& Z7 wgA =ZE el
ostd Zze TiNDH 231E N7l
o] o)A ojdg 3 TiN=, 28]n TiH
& 2% %8 g8 23& NHEH 7
» RTPA & ot AsAA & TiNG
2 A 259 TINZG Aol SiH,ZdHe o3}
of Zztgt CVD-Wate] tishA FSEAIZY
Auto] wtE =P BHAHe) WEE RAFS
SEMA} R Zo]t}, %38 Figse Figde A
d ol A (data—line)& #7 AF3ta] Azt

Deposition  Time ( sec )

Surface
Morphology ‘ i

X 30,000

Cross-section
Morphology

% 50,000

L
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Fig. 3(a) SEM micrographs of W film deposited on reactive sputtered TiN films by SiH, reduction at vari-

ous time.
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Fig. 3(b) SEM micrographs of W film deposited on annealed TiN films by SiH, reduction at various time.
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Fig. 3(c) SEM micrographs of W film deposited on RTP 850°C TiN films by SiH, reduction at various time.
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Fig. 4. Tungsten film thickness as a function of
time for various kinds of TiN substrates.
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Fig. 5. Incubation period for W nucleation and de-
position rate of W film for various kinds of TiN

substrates.
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Fig. 6 (a). Oxygen 1 ESCA spectrum for the sur-
face of the reactive sputter —deposited TiN film.
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Fig. 6 (b). Oxygen 1 ESCA spectrum for the sur-
face of the annealed TiN film.
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Fig. 8(a). Ti 2p ESCA spectrum for the surface of
the reactive sputter —deposited TiN film.
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Fig. 8(c). Ti 2p ESCA spectrum for the surface of
the RTP TiN film.
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Fig. 9(a) SEM micrographs of W film deposited on reactive sputtered TiN films by H; reduction at various

time.
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Fig. 9(b) SEM micrographs of W film deposited on annealed TiN films by H; reduction at various time.
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Fig. 9(¢) SEM micrographs of W film deposited on RTP 850°C TiN films by H; reduction at various time.
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