THICK DIAMOND FILM SYNTHESIS BY DC PLASMA JET CVD
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We obtained a high growth rate for diamond film using DC plasma jet CVD. The polycrystalline cubic diamond film we
grew is 2 mm thick and 10 mm square with a hardness of 10,000 kg/mm” and a thermal conductivity of 800 W/mK. We
used the film as a heat sink for a laser diode. The laser output intensity was the same as that of a laser diode using a natural

diamond heat sink.

1. Introduction

Diamond films will soon be used in a wide range
of applications. Diamonds are hard, and the life-
time and performance of grinding tools can be
improved by a diamond coating. Diamonds are
also transparent over a wide range of wavelengths
and thus are excellent optical materials. Diamonds
have the largest thermal conductivity, and dia-
mond film can be used as a large-area heat sink.
Making such a diamond film by CVD is less
expensive than using natural diamonds or those
synthesized under high pressure. Film made by
conventional CVD has a low growth rate'”” and is
not thick enough for such applications, however.
We developed a DC plasma jet CVD which has a
high growth rate® and named it DIA-JET. It can
make the thick diamond films required for such
applications.

2. Experiment

We prepared a thick diamond film sample with
our new CVD method (Fig. 1). The conventional,
nontransfer plasma torch has a cylindrical anode
and a cathode rod. The anode nozzle is between 1
and 3 mm in diameter. The copper substrate
holder is welded to a coaxial stainless steel tube,
which contains cooling water. The plasma torch
and the substrate holder are in a vacuum chamber.
The distance between the nozzle and the substrate
is changed by adjusting the steel tube. The plasma
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Fig. 1. DC plasma jet CVD apparatus (DIA-JET).

jet is formed by forcing the source gas through the
narrow gap between the two electrodes, across
which an arc discharge is generated by a constant
DC current power supply. High-density carbon
and hydrogen plasmas are obtained. The diamond
film is synthesized by spraying high-velocity
plasma, in the form of a plasma jet, onto a water-
cooled substrate. Table 1 shows the preparation
conditions. The synthesized diamonds were exa-
mined by optical microscopy, scanning electron
microscopy (SEM), X-ray diffraction, and Raman
spectroscopy. Vicker’s hardness was measured by
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