RAPID GROWTH OF DIAMOND FILMS BY ARC DISCHARGE PLASMA CVD
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Diamond films have been synthesized by arc discharge plasma CVD using a hydrogen-ethanol-argon gas mixture. The
growth rate of diamond films obtained was 200-250 u#m/h, faster than that of other CVD methods. The obtained films
were confirmed as diamond by X-ray diffraction, and they were found to contain no non-diamond carbon such as
amorphous or graphitic carbon by Raman spectroscopy. From the plasma spectroscopy, it is clear that hydrogen (H>) is

almost entirely decomposed to atomic hydrogen (H).

1. Introduction

The synthesis of diamond from the vapor phase
has been studied by many investigators,"™ and
several synthesis methods have been developed.
These methods have mainly used Chemical Vapor
Deposition (CVD). It is known that synthetic
diamond films formed by CVD methods have
properties almost identical to natural diamond.

In CVD methods, atomic hydrogen (H) and
carbon radicals (C*, CH, CH;) play important
roles in the growth mechanism of diamond. If
many of these activated radicals can be supplied to
the substrate, the diamond growth rate is increased.

The hot-filament CVD method is the simplest
method for diamond film synthesis. However, in
general, the temperature of the heated filament
used in hot-filament CVD is under 2500°C. Little
atomic hydrogen and other radicals are produced
at 2500° C, so the diamond growth rate is not high.

On the other hand, the temperature of thermal
plasma, which is a column of arc discharge, is over
5000°C. At 5000°C, hydrogen gas (H) is known
to be about 100% dissociated into atomic hydro-
gen.? Therefore, if the thermal plasma of an arc
discharge is used in place of the heated filament,
the growth rate of diamond can be expected to
increase.”

In this study, we report on the synthesis of
diamond by arc discharge plasma CVD with high
growth rates. The obtained films are also charac-

terized by scanning electron microscopy (SEM),
X-ray diffraction and Raman spectroscopy. To
detect active species in the arc discharge plasma,
plasma spectroscopy has been carried out.

2. Experimental

The experimental apparatus is shown in Fig. 1.
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Fig. 1. Schematic illustration of dc arc discharge plasma
CVD apparatus.
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4. Conclusion

Diamond films were synthesized by the thermal
plasma of an arc discharge. The obtained films
were identified as diamond by X-ray diffraction.
The diamond films did not contain non-diamond
carbon such as graphitic or amorphous carbon
according to Raman spectroscopy. It is considered
that atomic hydrogen plays an important role in
the synthesis of high quality diamond. The growth
rate of diamond film is about 200-250 um/h,
which is several times higher than other CVD
methods. From plasma spectroscopy, strong inten-
sities of Hq, Hg and C, were observed.

Acknowledgements. This work was supported in part
by a Grant-in-Aid for Scientific Research (63550020)
from the Ministry of Education, Science and Culture of
Japan.

9]
2)
3)
4
5)
6)
7
8)

9

REFERENCES

B. V. Spitsyn, L. L. Bouilov, and B. V. Derjaguin, J. Cryst.
Growth 52, 219 (1981).

S. Matsumoto, Y. Sato, M. Kamo, and N. Setaka, Jpn. J.
Appl. Phys. 21, L183 (1982).

K. Suzuki, A. Sawabe, H. Yasuda, and T. Inuzuka, Appl.
Phys. Lett. 50, 728 (1987).

Y. Hirose and Y. Terasawa, Jpn. J. Appl. Phys. 25, L519
(1986).

K. Kurihara, K. Sasaki, M. Kawarada, and N. Koshino,
Appl. Phys. Lett. 52, 437 (1988).

A. von Engel, Ionized Gases, The Claredon Press, Oxford,
1967, 2nd ed., Chapter 9, 270 p.

F. Akatsuka, Y. Hirose, and K. Komaki, Jpn. J. Appl.
Phys. 27, L1600 (1988).

S. Matsumoto, Y. Sato, M. Tsutsumi, and N. Setaka, J.
Mater. Sci. 17, 3106 (1982).

S. A. Solin and A. K. Ramdas, Phys. Rev. B1, 1687 (1970).



