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Tungsten Deposition on Quartz by the Reaction of WF6 
and Hydrogen 
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The rate of deposition of tungsten on quartz was deter- 
mined with the aim of clarifying the mechanism of losing 
the selectivity of tungsten deposition on Si/SiO2 sub- 
strates. The gaseous species above a quartz substrate pro- 
ceeding during the deposition reaction were identified by 
the use of a mass spectrometer. 

Experimental 
Deposition rate determination.--A quartz furnace tube 

38 cm long with an inner diameter of 42 mm was posi- 
t ioned within a furnace and served as the reaction cham- 
ber. The temperature in the chamber was monitored by a 
thermocouple placed in close proximity to the sample, and 
the temperature was kept at 400~ Gases used in the ex- 
periments were tungsten hexafluoride (99.8% WF6), hydro- 
gen (99.99999% H2), and argon (99.9998% Ar). Gas flows of 
H2 and Ar were controlled by the use of valves and auto- 
matic flow controllers. The flow rate of WF6 was deter- 
mined by a gas flow meter. Quartz plates 10 mm • 10 mm 
• 3 mm were used as substrates. The surface of substrates 
was polished with silicon carbide powders (Caborundum 
no. 1500). The deposition rate of tungsten was determined 
by a thermobalance (Shimazu RMV-50V). 

Two kinds of experiments were performed. First, the 
flow rate of WF6 was kept at 0.2 sccm, and the flow rate of 
H2 was changed. Second, the flow rate of H2 was kept at 0.2 
sccm and the flow rate of WF6 was changed. The total flow 
rate of the gas was kept at 2.2 sccm throughout the experi- 
ments, and the pressure in the chamber was 140 Pa. Under  
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Fig. 1. Schematic view of gas analysis apparatus 

these experimental  conditions, mass transport limitation 
is considered to be absent (1). 

Mass spectrometric identification of gaseous species.- 
The schematic view of the gas analysis apparatus is shown 
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Fig. 2. Dependence of tungsten deposition on the flow rate of WE6 
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Fig. 3. Dependence of the incubation period of tungsten deposition 
(tJ on the partial pressure of WF6. 
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Fig. 4. Dependence of tungsten deposition on the flow rate of H2 

3 
hi 

rr 

E z  

WF 6 FLOW RATE: 0.2 SCCM o o 

o 

oO 
2 

0 2 4 6 8 
pl, :  i Pa 1,2 ) 

Fig. 5. Dependence of tungsten deposition rate on the partial pres- 
sure of H2. 

Fig. 6. An example of mass 
spectrum of gases above quartz 
during the deposition reaction 
process. 
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in Fig. 1. A quadrupole mass spectrometer (ANELVA 
AGA-360) was used. The gas in a small LPCVD apparatus 
was introduced to the ion source of  the mass spectrometer, 
and the gaseous species above the substrate that pro- 
ceeded during the deposition reaction were identified. The 
distance between the orifice of the reaction chamber and 
the ion source of the mass spectrometer was 10 mm. 

Results and Discussion 
Deposition rate determination.--The effect of the flow 

rate of WF6 on the deposition of tungsten on the quartz 
substrates is shown in Fig. 2. The deposition rate was inde- 
pendent  of the flow rate of WF6, but the incubation period 
of the deposition was shortened by increasing the flow rate 
of WF6. As shown in Fig. 3, the reciprocal of the incubation 
period is linearly related to the partial pressure of  WF6 
which is in proportion to its flow rate. The effect of  the flow 
rate of H2 is shown in Fig. 4. The incubation period is inde- 
pendent  of the flow rate of H2, but the deposition rate is in- 
creased with increasing flow rate of H2 as shown in Fig. 5. 
A linear relationship exists between the deposition rate 
and the square root of the partial pressure of H2 which is 
computed from the flow rate of H2. This relationship sup- 
ports the consideration that these experiments were con- 
ducted under the conditions which are absent from mass 
transport limitation (1). 

When tungsten is deposited on silicon by the reduction 
of WF6 by H2, instantaneous deposition occurs (2), and the 
reaction orders with respect to WF8 and He have been 
found to be zero and one-half, respectively, (1, 2). There- 
fore, for the purpose of obtaining good selective deposi- 
tion of tungsten on Si/SiO2 substrates, the partial pressure 
of WF6 above the substrates should be small as possible 
and that of H2' should be large as possible. 

§ w* 

i 

180 

WF" WF{ w:, 
, i i 

200 220 
m / z  

WOF{ WF,~ 
/ 

WOF] WF] I WF~ 

, IJ 1,,, II 
v i T i i 

240 260 280 

Identification of  gaseous species.--Figure 6 is a typical 
mass spectrum obtained in this study. The temperature of 
the substrate was 400~ and the flow rate of H2 was 0.2 
sccm and that of WF8 was 0.6 sccm. Various tungsten oxi- 
fluoride ions are observed in the spectrum, and the intensi- 
ties of these ions decreased as the reaction between the 
gases and the quartz substrates proceeded. Large amount  
of SiF3 § ion was also observed, and the precursor of this 
ion is SiF4 as indicated in EPA/NIt-I mass spectral data 
base. These experimental  results suggest that WF6 reacts 
with SiO2 and the oxygen in S i Q  is removed as tungsten 
oxifluorides, and silicon in SiO2 is removed as SiF4. 
Through such reactions, nucleation sites of tungsten on 
SiO2 seem to be formed. 

Conclusions 
From the experimental  results described above, it is con- 

cluded that in order to obtain good selective deposition of 
tungsten on Si/SiO2 substrates, the partial pressure of WF6 
on substrates should be small as possible and that of H2 
should be large as possible. 
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