POLISHING OF DIAMOND FILM WITH METAL
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Instead of using diamond powders as in traditional polishing methods, metals such as iron and nickel heated to over
700°C are used to polish diamond films. The polishing can be performed in a hydrogen atmosphere, but cannot be
performed in a helium or nitrogen atmosphere. No diamond fragments are observed throughout the polishing process,
indicating that the polishing is performed via a nonmechanical reaction which is thought to be that, at high temperatures,
iron and nickel act as catalysts to make diamond react with hydrogen.

1. Introduction

Since a diamond film synthesized from a gas
phase has a rough surface, it must be polished for
some practical uses. But as the film is often not
firmly connected to the surface of the substrate, it
is extremely difficult to polish it with traditional
polishing methods using diamond powders which
produce a great force in the contact region. In this
study, a method using a metallic plate heated to
high temperatures to polish diamond film with a
low pressing pressure is presented.

2. Experimental method

There are four ways through which reactions
between diamond and metal may occur at high
temperatures:

(1) diamond diffuses in metal.

(2) diamond reacts with metal to form carbide.

(3) Metal acts as a catalyst to make diamond
convert to graphite.

(4) Metal acts as a catalyst to make diamond
react with the atmospheric gas.

It is reported that in grinding iron, the graphiti-
zation of diamond plays the dominant role in the
wear process and is much accelerated by the
presence of iron in contact with the diamond".
When a piece of iron foil is placed on a diamond
and heated in a hydrogen atmosphere, the foil
progressively sinks into the diamond to form a

smooth-walled hollow corresponding to the foil in
shape?.

A diamond film deposited on a silicon substrate
by the microwave plasma chemical vapor deposi-
tion method is used. In order to get a diamond film
with good crystallinity, the deposition conditions
shown in Table 1 are selected”; a diamond film
about 25 um thick can be obtained. The diamond
film shows the same X-ray diffraction pattern as
natural diamond powders do, and its Raman
spectrum is similar to that of a natural diamond,
without graphite or amorphous carbon.

Figure 1 shows the experimental polishing
apparatus. In this apparatus, the diamond film is
polished as it spins on a metallic plate heated to
high temperature. The applied pressure can be
adjusted by changing the weight loaded on the
specimen holder. The temperature of the polishing
plate is measured by a almel-chromel thermo-
couple. It is characteristic of this apparatus that
both the turning speed and the applied pressure

Table 1. Deposition conditions

Methane flow rate 1 SCCM
Hydrogen flow rate 100 SCCM
Pressure 40 Torr
Substrate Silicon
Substrate size 7X7%x4 mm

Substrate temperature 860°C
Microwave power 300 W
Time 48 h
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