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Effects of Bias Voltage on Mechanical Properties and Corrosion Resistance of TiN

Nanostructure Films Prepared by Ion Source Assisted HiPIMS
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Abstract: To improve the density and reduce the structural defects of the films prepared by magnetron sputtering, TiN
nanostructure films were deposited on 304 stainless steel and P-type (100) crystal silicon wafers by ion source assisted
HiPMIS technology with different ion source and substrate bias voltage to investigate the effect of film microstructure on the
hardness, toughness and corrosion resistance. The morphology and crystal structure of the films were analyzed by SEM and
GIXRD. Hardness and toughness of the film were measured with nanoindentation measurement and Vickers. The corrosion
resistance was measured by electrochemical workstation. The results show that the bombardment effect increases with the
increase of the substrate bias voltage and the utilization of ion source, which leads to a decrease in the deposition rates of the
films and an increase in film density. When the substrate bias voltage is =200 V, the hardness reaches a maximum of 16.2 GPa,
the corresponding grain size is the smallest, and the corresponding (111) crystal surface peak has the highest strength. The
hardness of the film decreases slightly with the utilization of ion source. Additionally, the toughness and corrosion resistance
of the films are also improved with the increase of the substrate bias voltage
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Fig.1 Schematic of the coating deposition setup (Top view)
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Table I Deposition parameters of TiN films

Deposition parameters Tisub-layer  TiN layer
Ar flow rate / (mL-min™") 40 40
N2 flow rate / (mL-min™") 0 5
Reaction pressure / Pa 0.43 0.45
Pulse frequency / Hz 2 000 2 000
Duty cycle / % 6 6
HiPIMS Power / kW 1 1
Ton source / A 1 0,1
Negative bias voltage / V -100 0, —200, —400
Deposition temperature / C 180+10 180+10
Deposition time/ min 15 100
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Fig.2 GIXRD diffraction patterns of TiN films
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Table 2 Texture coefficient, grain size and lattice parameter of TiN films

Coefficient of texture, 7C

Samples

Average grain size / nm Lattice parameter / nm

11 (200) (220)
0A/OV 0.573 3 0 24267 18.31 0.421 90
0 A/~200 V 1.965 8 0 1.034 3 11.05 0.424 47
0 A/—400 V 0.777 1 14725 0.750 2 11.38 0.426 04
1A/0V 0.061 4 0 2.938 4 14.54 0.424 25
1 A/-200 V 1.8774 0 1.122 6 12.13 0.425 81
1 A/—-400 V 0.6379 1.8454 0.516 5 12.49 0.428 97
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Fig.3 Variation curves of texture coefficient for TiN films
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Fig.4 Surface morphologies of TiN films under different bias voltages and ion sources
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Fig.5 Cross-sectional morphologies of TiN films under different bias voltages and ion sources
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Fig.8 Morphologies of TiN films with different bias voltage and ion sources after loading by the diamond indenter at the same load (L = 1.96 N)
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Table 3 Toughness data of TiN films

Samples C/um  H/GPa E/GPa Kic/(MPa'm')
0A/OV 26.85 5.08 165.45 1.28

0A/-200V  13.08 16.20 276.04 2.74

0 A/—400 V 18.93 13.14 239.29 1.63
1A0V 24.75 6.05 174.77 1.37

1 A/-200 V 18.96 12.92 260.83 1.72

1 A/-400 V 13.05 12.51 225.42 2.82
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Table 4 Potentiodynamic polarization data of TiN films

Samples Ecorr /' V icorr/ (Arem™®)  ba/ V' Pi/%
0A/OV —0.410 1.616E-06 3.82 61.85
0A/~200V —0.299 2.257E-07 441 94.67
0 A/—400 V -0.225 1.033E-07 4.44 97.56
1 A0V —0.465 1.695E-06 3.16 59.99
1 A/-200 V -0.434 8.882E-07 4.95 79.03
1 A/-400 V —0.249 7.918E-08 3.83 98.13
Substrate —0.473 4.236E-06 4.40 0
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