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Fig.1  XRD patterns of the films 
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Fig.2  Surface (a, b), cross-section (c, d) SEM images for multilayer films and enlarged images for white box areas (e, f) 
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Fig.3  Hardness, elastic modulus and adhesion of the films 
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Fig.5  SEM images of wear tracks for multilayer films: (a) δ
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Fig.6  Friction coefficient curves of the films 
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Fig.7  Average friction coefficient and wear rate of the films 
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Microstructure and Tribological Behavior of Magnetron 

Sputtered WS

x

/W/DLC/W Multilayer Films 

 

Zheng Xiaohua, Liu Tao, Yang Shuoyan, Wang Gongqi, Yang Fanger 

(Zhejiang University of Technology, Hangzhou 310014, China) 

 

Abstract: WS

x

/W/DLC/W multilayer films were prepared by magnetron sputtering technique and alternate deposition of WS

x

, W and 

diamond-like carbon (DLC) layers on silicon substrates. The microstructure, mechanical properties and tribological behaviors in the 

atmosphere of the films were characterized by X-ray diffractometry, scanning electron microscopy, nano-indenter and ball-on-disk wear 

tester. The results show that the surface of all the multilayer films is smooth and dense. As the thickness of single W interlayer increases in 

the modulation period, α-W, W

2

C, and β-WC

1-x

 crystalline phases are formed in the multilayer films. The hardness of the multilayer films 

is greatly improved (up to 17.3 GPa at single W interlayer thickness of 6 nm), the friction coefficient shows a downward trend, the 

adhesion to the substrate is gradually reduced and the wear rate decreases first and then increases. The multilayer film with single W 

interlayer thickness of 6 nm exhibits the best wear resistance, and its wear rate is about 1.4×10

-14 

m

3

·N

-1

·m

-1

.  

Key word: WS

x

; diamond like carbon; W; multilayer films; friction and wear 
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