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Abstract

A diamond has highest hardness due to arranging in stable crystal structure.
For this reason, the diamond has been applied to various industry. The
diamond film is mainly produced by using HFCVD process. Although there
are various opinion on the mechanism of diamond growth, it was identified
that the temperature distribution in HFCVD process had influence on the
quality of diamond film. In this work, therefore, the optimal numerical method
was developed to analyze the thermal flow in the HFCVD process. A hot
filament chamber was manufactured and the thermal flow in the hot filament
chamber was simulated prior to simulating the HFCVD process. The
numerical method was validated by comparing with the results obtained from
the diagnosis experiment on the filament temperature, showing small error of
1.7%. The numerical method was applied to simulating the thermal flow in
the HFCVD process, from which the results was used to analyze the
synthesized diamond film. The calculated filament temperature according to
power and distance between filament and worktable was similar to the
measured temperature, showing the maximum error of 35%. And the
worktable temperature was varied from 1,050 to 1,250 K. When compared
with the thickness of synthesized diamond film, it was be demonstrated that
the total power of 16 kW had to be supplied to 12 filaments and the
temperature from 1,200 to 1,300 K were appropriate range near substrate for
the diamond to grow well. At the higher temperature than 1,300 K, the
etching reaction by an atomic hydrogen is activated, which results in low
growth rate of diamond. Since this etching reaction of the atomic hydrogen is
important on diamond growth, the numerical model including the
heterogeneous chemical reaction between hydrogen and surface of filament

and substrate was developed to anticipate the concentration of atomic

- vii -



hydrogen. The numerical model was validated by showing that the calculated
amount of atomic hydrogen and hydrogen molecule on the filament surface
was similar to the published results. As a result of the analysis on transport
mechanism of atomic hydrogen near the substrate, it was identified that the
atomic hydrogen was transported from center to edge of the substrate by a
thermal diffusion and convective drag force was increased at the edge of the

substrate.
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