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Abstract © In this study, the various process conditions for high—power DC Magnetron Sputtering
(DCMS) on the surface roughness of carbon thin films were investigated. The optimal conditions
for Si/C coating were 40min for deposition time, which does not deviate from normal plasma, to
obtain the maximum deposition rate, and the conditions for the best surface roughness were -
16volt bias voltage and 400watt DC power with 1.3x10%torr chamber pressure. Under these
optimal conditions, an excellent carbon thin film with a surface roughness of 1.62nm and a
thickness of 724nm was obtained. As a result of XPS analysis, it was confirmed that the GLC

structure (sp® bonding) was more dominant than the DLC structure (sp® bonding) in the thin
film structure of the carbon composite layer formed by DC sputtering. Except in infrequent cases
of relatively plasma instability, the lower bias voltage and applied power induces smaller surface
roughness value due to the cooling effect and particle densification.

For the optimal conditions for Graphite/C composite layer coating, a roughness of 36.3 nm and
a thickness of 711 nm was obtained under the same conditions of the optimal process conditions
for Si/C coating. This layer showed a immensely low roughness value compared to the roughness
of bare graphite of 242 nm which verifies that carbon coating using DC sputtering is highly
effective in modifying the surface of graphite molds for glass forming.
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Fig. 2. Analysis (sp?/sp® fraction) on the chemical bonding energy of carbon thin film using XPS.
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Table 1. Various process variables of sputtering
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Time Bias Power Pressure
Deposition time (min) 20 ~ 60 40
Bias voltage (Volt) -24 0~ -32 -16
Power (Watt) 600 600 300 ~ 800 400
Working vacuum (mTorr) 5 5 5 1.3 ~ 80

Table 2. An analysis of the XPS sp®/sp® fractions of carbon thin films by coating time

Deposition time 20min

40min

sp?/sp’
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thin films deposited at different time.
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Table 4. An analysis of the XPS sp?/sp® fractions of carbon thin films by DC power

DC power 300W

400W

600W 800w

sp*/sp® 5.8

6.2 6.9
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Fig. 10. Thickness and roughness of carbon thin
films deposited at different pressure.

Table 5. Optimum process conditions and properties of Si/Carbon thin film

Substrate

Si(100)

Base vacuum (torr)

7x 1077

Working vacuum (torr)

1.3x107°

Pre-sputter voltage (volt)

500

Pre sputter time (min)

15 - Ra: 1.62nm

Main gas flow (sccm)

Ar (30)

— Thickness: 724nm

Voltage (volt)

DC 1000

Amp (amp)

1

Power (watt)

DC 400 + Bias (=16volt)

Deposition time (min)

40
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Table 6. Optimal experimental conditions and properties of Graphite/Carbon thin film

Specimen FD400
Working vacuum (torr) 1.3x107°
Power (watt) DC 400
Bias voltage (volt) -16
Deposition time (min) 40
Thickness (nm) 711
Surface roughness (nm) 36.3
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Fig. 11. Surface and cross sectional view of Graphite/Carbon coated film.
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