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Preparation and mechanical properties of
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Abstract: Ti-Si-N films containing 3.2%—15.5% Si (molar fraction) were deposited on Si(400) substrates by ion beam
sputtering combined with filted cathodic arc system. X-ray photoelectron spectroscopy (XPS), energy dispersive
spectroscopy (EDS) and X-ray diffractometry (XRD) were used to study the microstructure and mechanical properties of
TiSiN films. The results suggest that a Ti(Si)N solid solution with face-centered cubic structure and (200) preferred
crystalline orientation exist in the films with lower Si content. After saturation of Si, the films form a two-phase structure,
consisting of Ti(Si)N and amorphous SizN4. The hardness of films is in the range from 22 GPa to 26 GPa. The friction
coefficients maintain at 0.13—0.17 using Si;Ny spheres as couples. The hardness of film with 10.9% Si reaches the
maximum value, combined with lower roughness, which results that the friction coefficient and wear rate reaches the
minimum value.
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Fig. 1 Schematic diagrams of ion beam sputtering and filtered

cathodic arc co-deposition system: 1—Gas inlet; 2—Ti target;

3—=Cathodic binding post; 4—Trigger; 5—Outlet magnetic coil;

6—Filtered magnetic coil; 7—Arc source magnetic coil; 8—
Sputtering target; 9—Ion gun; 10—ICP ion source; 11—
Sample platform; 12—Pump; 13—Vacuum chamber
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Table 1 EDS analysis results of TiSiN films

Sample No. x(Si)%  x(Ti)/%  x(N)%  RMS/nm
Sl 3.20 46.30 50.50 1.01
) 5.64 43.00 51.36 0.58
S3 8.12 40.50 51.38 0.35
S4 10.90 37.20 51.90 0.31
S5 13.00 34.90 52.10 0.35
S6 15.50 32.00 52.50 0.31
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Fig. 2 XRD patterns of different films
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Fig. 3 Crystallite size of films as function of Si content
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Fig. 4 XPS spectra of Si 2p peak in sample S4
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Fig. 5 AFM images of films with various Si contents: (a) Sample S1; (b) Sample S2; (c) Sample S3; (d) Sample S4; (¢) Sample S5;

(f) Sample S6
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Fig. 6 Nanohardness and elasticity modulus of films as

function of Si content
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Fig. 7 Friction coefficient of films with different Si contents
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