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Abstract

Diamond-like carbon(DLC) films were deposited by linear ion source(LIS)-physical vapor deposition method
changing the anode voltages from 800 V to 1800 V, and characteristics of the films were investigated using
residual stress tester, nano-indentation, micro raman spectroscopy, scratch tester and Field Emission Scanning
Electron Microscope(FE-SEM). The results showed that the residual stress and hardness increased with increas-
ing the ion energy up to anode voltage of 1400 V. It was also found that the content of SP* carbon increased
with increasing the anode voltage SP*/SP’ ratio through investigation of SP*/SP’ ratio by the micro-raman
analysis. From these results, it can be concluded that the physical properties of DLC films such as residual
stress and hardness are increased with increasing the anode voltage. These results can be explained that 3-
dimensional cross-links between carbon atoms and Dangling bond are enhanced and the internal compressive
stress also increased with increasing the anode voltage. The optimal anode voltage is considered to be around

1400 V in these experimental conditions.
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Fig. 1. Schematic diagram of linear ion source system.
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Fig. 2. Schematic diagram of a DLC coating apparatus
using linear ion source.
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Table 1. Experimental conditions of DLC thin film coating

Process Deposited Voltage Current Temperature Time Gas flow Substrate bias

method %) (A) §©) (min) (sccm) -V)

Etching LIS 1300£50 0.3 250 80 40 (Ar)

W-sputter sputter - 5 250 24 80 (Ar)
LIS - - 250 5 (CHy) 100

W-C sputter 16
sputter - 5 250 80 (Ar)
DLC LIS 800~1800 90 - 90 60 (CH,)

DLC Hpete] w2 FAPAAFA ] % (FE-SEM, Field

Emission Scanning Electron Microscope, Model:
Hitachi, S-4800)2.2 #8193, s YieldlE

©] 4 (Nano-indentation, Model:MTS System, MTS-
Xp)or FAsIAoH, HEgHe 2agA547]
(Scratch tester, Model: J&L Tech)E AME-slit). gt
S & b RS S| fletd 2§
EE qu 7](Residual stress tester, Model:J&L. Tech)&
AHE-EITE wlo]A R EhEEtA] 7] (Micro raman
spectroscopy, Model :REINSHAW, IN Vin)E A}&-3}
o] DLC "hte] #2491 48 Alddaqict. ghat
B2 633nm 3742 He-Cd Lasers AHg-31$ith

—=— 800V
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Fig. 3. Relationship between displacement from surface
and hardness at various anode voltages.
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Fig. 4. Hardness of DLC thin film deposited with different
anode voltages.
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Fig. 5. Optical micrographs after scratch test of films deposited at various anode voltages (a) 800V, (b) 1000V, (c)
1200V, (d)1400V, (e) 1600V, (f) 1800 V.
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Fig. 7. Effect of anode voltage on the thickness.
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Fig. 8. Micro raman analysis of DLC thin film deposited
at anode voltage of 1400 V.
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Fig. 9. I/l ratio with various anode voltages by micro
raman spectroscopy.
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