MECHANICAL PROPERTIES OF DIAMONDLIKE CARBON FILMS
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Diamondlike carbon films have been deposited onto room temperature silicon substrates and a 3.5 inch hard disk surface
by DC-glow discharge plasma CVD in a methane and hydrogen gas mixture. The ultramicro indentation hardness and
Young’s modulus of the films were measured. The maximum ultramicrohardness value was 480 GPa(Hv=7500 Kg/ mm?).
The Young’s modulus value was 850 GPa. Contact-start-stop (CSS) tests indicate that DLC films have the possibility of
use as very thin wear-resistant protective coatings in the thickness range of less than 200 A.

1. Introduction

Recently, there has been growing interest in
diamondlike carbon (DLC) film, which has various
attractive properties such as high electrical resis-
tivity, high thermal conductivity, extreme hard-
ness, chemical inertness, good optical transparency
and surface smoothness'””. In a previous report”,
we have reported on the hardness, chemical
stability after heat treatment and thermal diffusi-
bility of DC-glow discharge plasma CVD DLC
films. They have attractive mechanical and chemi-
cal properties for hard coating applications. More
detailed study of extremely thin films, less than
200 A thick, is necessary for applying DLC to
wear-resistant magnetic disc coating.

This paper reports the mechanical properties of
DLC films deposited in a DC-glow discharge
plasma of methane (CHs) and hydrogen (H:). The
ultramicrohardness and Young’s modulus of the
films were measured by newly developed appara-
tus” and their dependencies on various deposition
conditions were studied. The contact-start-stop
(CSS) test is examined for extremely thin DLC
films.

2. Experimental results and discussion

A DC-glow discharge plasma CVD reactor was

used in this experiment. As in Fig. 1, a silicon or
3.5 inch disc substrate was placed on a negatively
biased stainless steel cathode. A ring shaped anode
was located on the same plane as the cathode 3.5
cm away. The film growth rates were 40 to 150
A/min at room temperature under the following
conditions: gas mix ratio=0.01 to 0.05, total
pressure=1 to 5 Torr, discharge voltage=250 to
400 volts, and the discharge current=0.1 to 1.4
mA/cm’. The film thickness was between 2000 A
to 5000 A for the mechanical property evaluations.
Figure 2 is an example of the pressure dependence
of the growth rate. The film thickness uniformity is
less than 10 A within the 3 to 4 inch area on the Si
substrate. Extremely uniform film depositions were
achieved with the present technique.

The microstructure and crystal structures were

Ring shape gH4/H2
Anode Substrate Qzeg‘:::st
I Cathode

DC-source

CVD Reactor
Fig. 1. DC-glow discharge plasma CVD reactor.
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affected not only by mechanical properties but
also by the film adhesion strength to the substrate,
it is concluded that DC-glow discharge deposited
DLC film can be used as extremely thin wear-
resistant surface protection coatings at a thickness
range less than 200 A.

3. Summary

DLC films were deposited by DC glow discharge
plasma CVD using a CH4 and H» gas mixture on
silicon and a 3.5inch NiP-coated hard disk surface
at room temperature. DLC films contain about 24
to 35 at% hydrogen and exhibit amorphous struc-
ture. The ultramicrohardness was estimated as 370
GPa, which corresponds to 6000 to 8000 Kg/mm?®
in Vickers hardness. The Young’s modulus value
was about 820 GPa, which is nearly 70% of the

bulk diamond value. The CSS test indicates that
DLC film has the possibility of performing as
extremely thin wear-resistant coating films less
than 200 A thick.
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