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Abstract: A series of Al doped diamond-like carbon films were deposited on N (100) Si substrates by radio frequency
magnetron sputtering Al target in methane atmosphere. The effects of Al content on the composition, microstructure and
mechanical properties of deposited films were investigated. The tribological properties of deposited films were
investigated in air and water. The results indicate that the sp’-C in the films increased, while the sp’-C in the films was
restrained with the increasing metal content. With the increase of the sp’-C, the tribological properties of the films in
water were improved because of the enhanced surface graphitization. Meanwhile, the content of Al of the films was
adjusted by varying R.F power. Because of the appropriate Al content, the films exhibited excellent tribological
performance both in water and air.
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Fig. 1 FE-SEM micrographs of deposited films
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Table 1 Thickness, depositing rate and XPS analysis results of deposited films

Sample Sputtering power/W sp/sp’ Atomic fraction of Al /% Film thickness/um Depositing rate/(nm-min )

1 30 1.25 0.21 1.10 5.50
2 40 1.20 0.39 1.56 7.80
3 50 1.17 0.43 1.65 8.25

£ £ £

2 2 2

= = =

L] I L

280 285 290 280 285 290 280 285 290
Binding energy/eV Binding energy/eV Binding energy/eV
(a) 30 W (b)40W (c)50 W

Fig. 2 XPS Cls spectra of deposited films
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Fig. 4 Raman spectra of deposited films
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Table 2 The I/I;ratio of deposited films

Sputtering power/W I/l
30 0.46
40 0.53
50 0.61
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Table 3 Themechanical properties of deposited films

Sputtering power/W Hardness/GPa Elastic modulus/GPa
30 18.50 137.50
40 17.70 132.00
50 16.13 127.50
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Fig. 5 Friction coefficients of deposited films in water (a) and variation trend of friction coefficients of
deposited films in air and water(b)
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Table 4 Thetribological properties of deposited films

Friction coefficient Wear rate/[10 mm’(Nm)"]

Sample

Air Water Air Water
DLC 0.13 0.14 133 142
Al-DLC 30 W 0.11 0.08 179 132
Al-DLC 40 W 0.12 0.07 121 63
Al-DLC 50 W 0.15 0.04 244 43
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Fig. 6 XPS Si2p spectra of the film deposited under 30 W and its wear scar
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Fig. 7 SEM micrographs of SizNyballs after friction tests in air and water
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Fig. 8 Wear rate of deposited films
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Fig. 9 3D images of wear scar in air and water from the film deposited under 50 W
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