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For production of thin and uniform disk shaped plasma for diamond growth at higher pressure, DC and

microwave hybrid discharge is proposed. A thin plasma disk about 1mm tihick 10mm in diameter was
produced just on the surface of a substrate at 13kPa of H, with 500W microwave and 50W DC.

1. Introduction
It has been succeeded that high quality

diamond is synthesized by the microwave plasma
chemical vapor deposition (CVD) method [1].
Crystaline diamond can be dowly grown from
source gases of a severa kPa in presser through
chemica reactions enhanced by the plasma. One of
the difficulties for industrial application of CVD
damond is a high production cost due to the small
growth rate.

It is expected that increasing the reaction
pressure will increasse the growth rate. For
production of a uniform plasma at higher pressure
over the substrate sizes of a few inches, it is
necessary to increase the microwave power and to
use an well designed microwave cavity. Otherwise
the plasma will be locaized due to concentration of
the microwave field. It has been shown that
diamond films can be grown on over 6 inches S
wafers at 17kPa with agrowth rate more than 7
m/h by using a huge microwave power of 60kW
[2].

In a cavity for the microwave discharge, the
plasma of a large volume is produced by such the
huge microwave power, as shown in Fig. 1 (a). If
the plasma can be produced only around the
substrate, as shown in Fig. 1 (b), the microwave
power can be reduced. Here, we propose a hybrid
discharge by usng DC and microwave powers to

produce the plasma only around the substrate.

It is expected that the total power for plasma
production by using both the DC and microwave
will be smaller than that for the production of
large-volume plasma by microwave aone. In this
paper, we report production of plasma concentrated
to the substrate by using DC power in addition to a
conventional microwave discharge.

2. Experimental

A schematic diagram of the microwave and
DC hybrid plasma apparatus is shown in Fig.2. Two
electrodes were inserted into a discharge tube of
quartz of a conventional microwave plasma CVD
apparatus. A copper tube was used for the anode
grounded to the wave-guide and to the vacuum
system.

Plasma

/ Substrate

(@

(0)

Fig. 1 (a) Plasmaball and (b) plasmadisk.
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Fig. 2. Experiment apparatus.

A subdtrate stage of stainless sted sustained on a
quartz tube was used for the cathode. Microwave of
245GHz was supplied to the discharge tube
through an isolator, a power monitor, and a 3stub
turner, and terminated by a short plunger. The sizes
of the anode and the cathode (the substrate stage)
were 31mm and 15mm in diameter, respectively.

3. Result & Discussion

Figure 3 shows the current-voltage
characteristics between the electrodes when the
incident microwave power was 420W and 500W.

When the incident microwave power was
500W, small plasmas appeared at the edges of the
electrodes even without any DC power supplied.
The current was almost constant a the voltage
below 170V. At the voltage more than the threshold,
the current increased rapidly and bright thin plasma
appeared on the cathode surface. The current
increased and the bright surface plasma spread

larger with increasing the voltage, as shown in Fig.4.

The current and the plasma size saturated due to the
current limit of the power supply. The maximum
DC power was about 50W.

When the incident microwave power was

420W, it didn't discharge at DC voltage below 140V.

The current increased and the plasma spread larger
at the voltage more than 200V.
Although the current was limited by the power
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Fig. 3. V-l curves.

Substrate stage

o

Fig. 4. Produced plasma.

supply used in the experiments, it is expected that
the plasma will spread out to cover the substrate
completely by using an enough DC power. It has
been reported that the negative biasing of the
substrate  enhanced diamond nucleation  but
obstructed crystal growth. At higher pressure,
however, the ion energy will be lowered by
collision. It is expected that the ion bombardment at
lowered energy will enhance the crysta growth
rather than the obstacle.

4. Summary

A disk shaped thin plasma was produced on
the cathode surface by DC and microwave hybrid
discharge at 13kPa H;,. It will be useful for diamond
growth.
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