DEPOSITION OF DIAMOND FILM FROM THE 0.-CH: SYSTEM
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It had been thought that diamond could not be synthesized from the vapor phase without hydrogen in the reactant gas.
Recently, however, Hirose ef al. reported diamond formation using flame CVD, in which the reactant gas consisted of
acetylene and oxygen. The authors tried to produce diamond from the reactant gas of CH4 and O using microwave
plasma-assisted CVD. Diamond could be deposited from the reactant gas in which the CH4/ O, ratio was more than 1.0.
The quality of the diamond obtained from this system was dependent upon the CHa/ O, ratio. We obtained good diamond
films at the CHa/O; ratio of 1.5. The deposition rate was also dependent upon the pressure of the reactant gas and a
deposition rate of 7 um/h was obtained at 17.3 kPa. Plasma emission spectroscopy indicated that the spectra were
different from that obtained from CHa/H., but the role of atomic hydrogen seemed to be important in the CHa4/O:

system.

1. Introduction

In recent years, various methods of diamond
synthesis from the vapor phase have been success-
fully developed.”™ In most methods, hydrogen
was used as the major gas and was recognized as
necessary for making diamond.

The role of hydrogen in these reactions has not
been made clear, but it is widely believed that
hydrogen molecules or atomic hydrogen predomi-
nantly etch the non-diamond phases such as
graphite or amorphous carbon, or they make
certain species which are key to making diamond.
At high temperatures (700~1100°C), diamond
can also be etched by hydrogen or atomic hydrogen,
but the diamond etching rate is much smaller than
that of the non-diamond phases.

On the other hand, in order to obtain good
diamond films or to increase the deposition rate of
the diamond films, the addition of H,O or O,
reactant gases such as H, and CH4 or the use of
liquid sources such as C;HsOH, etc. as the carbon
source, were reported.*” Saito et al. reported that
diamond formed with a small amount of water
made the diamond crystallinity better but decreased
the deposition rate. They measured the plasma
emission spectra and found the spectra from CH

was larger than the spectra without water. Recent-
ly, Y. Hirose reported diamond synthesis from
flame CVD and hot filament CVD using the mixed
gases of acetylene, oxygen and methane, oxygen,
respectively.

In this report, diamond was synthesized by
microwave plasma-assisted CVD using methane
and oxygen as the reactant gases and the effect of
the deposition conditions on the characteristics of
diamond films were discussed.

2. Experiment

Figure 1 shows a schematic drawing of the
experimental apparatus. The plasma was generated

Substrate

T~ &

Spectrometer

0,+CH,

]
T

Magnetron
To Pump

Fig. 1. Schematic drawing of the experimental apparatus.
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Emission spectra from CH4/ O, plasma.

for making good diamond films, peaks assigned C;
and atomic hydrogen were observed. When the
CH,/ O, ratio was 3.0, peaks assigned to H, and
CH were strongly appeared. The film obtained
from this condition was found to be as poor as to
contain amorphous phase. (see Fig. 7) From this
result, the presence of peaks assigned CH and H»
makes the film quality worse.

When the pressure was raised to 17.3 kPa,
relative intensity of C, against H became smaller
than that of 10.6 kPa. The deposition rate was
larger and the quality of film was worse under 17.3
kPa than those under 10.6 kPa. These results

suggest that the relative intensity of C,, CH and H;
also affects the quality and the deposition rate of
diamond films.

It is thought that the mechanism for making
diamond is possibly quite different between the
CH4/ 0O, and CH4/H: systems. However, the
presence of the peaks assigned to atomic hydrogen
indicate that the role of atomic hydrogen in the
CH4/ O, system seems to be the same as in the
CH./ H; system.

However, one must think about the formation
of CO or OH during the reaction. Saito et al.
reported the presence of the peaks assigned to CO
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or OH, which are located on the wavelength of 250
nm or 300 nm, but they could not make clear the
role of CO and OH in the mechanism of diamond
formation. In this study emissions of these wave-
lengths could not be detected due to deposits on
the surface of the reactor. The authors are planning
to measure the emission spectra of such regions
and are going to discuss the mechanism of diamond
formation in their next report.

4. Conclusions

Diamond films can be deposited from a reactant
gas consisting of CHs4 and O,. The deposition rate
of this system seemed to be higher than that of the
CH./H: system if the quality of the films were
equal.

In this study the film quality was the best at a
CH4/ O ratio of 1.5 and a pressure of 10.6 kPa,
and increasing the CH4/O; ratio or the pressure
worsened the quality of the films.

The emission spectra from the CHs/O: plasma
was observed to be greatly different from that of
the CH4/ H, plasma and the lack of peaks assigned
to H, and CH under the most suitable conditions

for making good diamond films were observed.
These suggest the possibility that the mechanism
of diamond formation is different in the CHs/O>
and CH4/H, systems, but the role of atomic
hydrogen seemed to be very important in the
formation of diamond.
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