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Abstract

The properties of tetrahedral amorphous Carbon (ta-C) film can be determined by multiple
parameters and comprehensive effects of those parameters during a deposition process with
filtered cathodic vacuum arc (FCVA). In this study, Taguchi method was adopted to design the
optimized FCVA deposition process of ta-C for improving deposition efficiency and mechanical
properties of the deposited ta-C thin film. The influence and contribution of variables, such as
arc current, substrate bias voltage, frequency, and duty cycle, on the properties of ta-C were
investigated in terms of deposition efficiency and mechanical properties. It was revealed that the
deposition rate was linearly increased following the increasing arc current (around 10 nm/min @
60 A and 17 nm/min @ 100A). The hardness and i/l showed a correlation with substrate bias
voltage (over 30 GPa @ 50 V and under 30 GPa @ 250 V). The scratch tests were conducted
to specify the effect of each parameter on the resistance to plastic deformation of films. The
analysis on variances showed that the arc current and substrate bias voltage were the most
effective controlling parameters influencing properties of ta-C films. The optimized parameters
were extracted for the target applications in various industrial fields.

Keywords : Filtered cathodic vacuum arc (FCVA), Taguchi robust design, Tetrahedral amorphous carbon
(ta-C);Diamond like carbon (DLC)
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Table 1. Orthogonal array of Taguchi method (L9, 3%).
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Control parameters
Factor A B C D
Arc current |Bias Voltage Freq Duty
[A] vl uency Cyc‘l)e
[kHz] [off %]
Level
0 60 50 20 20
1 80 150 50 30
2 100 250 100 40
Experimental No.
1 0 0 0 0
2 0 1 1 1
3 0 2 2 2
4 1 0 1 2
5 1 1 2 0
6 1 2 0 0
7 2 0 2 1
8 2 1 0 0
9 2 2 1 0
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Fig. 1. Schematic illustration of FCVA coating system.

Table 2. Experimental conditions of ta—C film coating process.

Process Process . . s
No. type Experimental condition
Discharge voltage : 2.5 kV
1 Ton cleaning Discharge current : 450 mA
Flow rate of Ar gas : 45 sccm
2 ta-C deposition L9 orthogonal array
condition

2.3 ta-C diato| EM Hot
HEAQ B SR Y FH &%, Ak,
Aast & (b/Is ratio) 1831 A3 A Tty EA4
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Fig. 2. (a) Raman spectra, (b) relationship between 1(D)/I(G) ratio and hardness.
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Table 3. Results of evaluation regarding to controlled factors and levels of the orthogonal
array (L9, 3%

Control parameters

Factor A B C D

Arc Bias Freq Duty

current | Voltage | uency | Cyde

(Al \Y| [kiz] [offd
Level D:ngjn Fordness | bk | B2

0 60 50 20 20

1 80 150 50 30

2 100 250 100 40

o

1 0 0 0 0 9.5 36.1 027 | 0.36
2 0 1 1 1 10.9 31.1 038 | 0.34
3 0 2 2 2 10.7 27.3 0.69 | 0.26
4 1 0 1 2 13.8 33.9 039 | 0.26
5 1 1 2 0 14.9 31.7 03 | 021
6 1 2 0 0 13.5 25.2 0.88 | 0.18
7 2 0 2 1 15 32.1 039 | 0.20
8 2 1 0 0 17.6 31.4 0.63 | 0.34
9 2 2 1 0 18.2 13.7 2.18 | 0.07
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