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Figure 1. The electron and ion densities in the plasma
as a function of electromagnet current.
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Figure 2. The hardness of a—C:H films as a function
of electromagnet current.
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Figure 3. The coefficient of friction in a—C:H films as
a function of electromagnetic current.
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Figure 4. The change of rms surface roughness of
a—C:H films with increasing electromagnetic
current with the insert AFM surface images
of a—C:H films prepared at the electromag—
netic current of 1.5 A and 3.0 A.
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Figure 5. The variation of critical load as a function of
the electromagnetic current.
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Figure 6. (a) Raman spectra of a—C:H films prepared
at various electromagnetic currents and (b)
the change of G peak position and ID/IG ratio
as a function of the electromagnetic current.
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In this work, we have fabricated the amorphous carbon (a-C:H) thin film by using
unbalanced magnetron sputtering method with the magnetron source of inside/outside
electromagnetic coils as the protective coating materials. We have investigated the tribological
properties of amorphous carbon films prepared with various electromagnetic coil currents
for the change of the plasma density, such as hardness, friction coefficient, adhesion, and
surface roughness. Raman and HRTEM were used to study the microstructure of carbon
films. In the result, the hardness and adhesion properties of a-C:H films were improved
with increasing electromagnetic coil current due to the increase of the plasma density to
the substrate. Thus, these results can be explained by the increase of sp> bonding and cluster
number in the amorphous carbon film, related to the improved bombardment around substrate

and the increased substrate temperature.

Keywords : a-C:H, Unbalanced magnetron sputtering, Electromagnetic coil current, Hardness,

Adhesion, Friction coefficient
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