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Fig. 1 Molar ratio of S and W of films
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Fig.2 XRD patterns of films
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B4 RS A 1) SEM &

Fig. 4 SEM images of surface and cross-section of film: (al) Sample 1, WS,; (a2) Sample 2, Lpic/Lws =1:39; (a3) Sample 5,
Lprc/Lws =3:20; (a4) Sample 7, DLC; (b1) Sample 1, WS,; (b2) Sample 2, Lpic/Lws =1:39; (b3) Sample 5, Lprc/Lws =3:20; (b4)

Sample 7, DLC
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Fig. 5 Measured hardness of films and calculated hardness of

multilayer films based on rule of mixture
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Fig. 6 Internal stress (a) and adhesion force (b) to substrate of

films
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Fig. 7 Morphologies showing wear tracks of films after wear test in humid air (RH of 45%): (a) Sample 1, WS,; (b) Sample 2,

LDLC/LWszl :39; (c) Sample 4, LDLC/LWszl :9; (d) Sample 7, DLC
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Fig. 8 Friction coefficient (a) and ware rate (b) of films in

humid air (RH~45%)
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Effect of modulation ratio on microstructure and
mechanical properties of DLC/WS, multilayer films by
magnetron sputtering

ZHENG Xiao-hua, LIN Ling-ling, CHANG Xin-xin, WANG Gong-qi, YANG Fang-er

(College of materials science and engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: The DLC/WS, multilayer films with various modulation ratios and modulation period of 10 nm were
layer-by-layer deposited on Si(100) substrates by magnetron sputtering method at 200 “C. The effects of modulation ratio
on the chemical composition, microstructure and interface of the films were characterized by means of scanning electron
microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), X-ray diffractometry (XRD) and X-ray photoelectron
spectroscopy (XPS). The mechanical properties and tribological properties in atmosphere of the films were evaluated by
residual stress tester, nano-indentation tester, scratch tester and ball-on-disc tribotester. The results show that DLC/WS,
multilayers are compact and smooth, the strengthening of interfacial effect is remarkable and WS, phase is defined as
amorphous structure. As the modulation ratio increasing, the molar ratio of S and W increases from 0.77 to 1.08, the
hardness decreases first and then increases while the compressive stress decreases in the film gradually, the adhesion to
substrate increases first and then decreases, the friction coefficient decreases from 0.307 to 0.171, and the wear rate
increases. Compared with pure WS, film, DLC/WS, multilayer films have much better mechanical properties, and the
film with modulation ratio of 1:39 has the best performance, its hardness is 11.4 GPa and its wear rate is of 1.17 X 1071
m* N m .

Key words: WS,; diamond like carbon; multilayer; modulation ratio; microstructure; friction; wear
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