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Effect of bias voltage on microstructure and properties of
magnetron sputtering TaN films

XUE Ya-ping, CAO Jun, YU Li-hua, XU Jun-hua

(Key Laboratory of Advanced Welding Technology of Jiangsu Province,
Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: A series of TaN films were fabricated at various bias voltages by magnetron sputtering technique. Their
microstructure, surface morphology, mechanical and friction properties were investigated by scanning electron
microscope (SEM), X-ray diffraction (XRD), atomic force microscope (AFM), nano indentation tester and friction and
wear tester, respectively. The results show that the structure of TaN is composed of cubic d-TaN and orthorhombic TayN,
while the preferred orientation changes with the bias voltage. When the bias voltage is 80 V, the hardness and elastic
modulus of the films reach the maximum values, 30.103 and 317.048 GPa, respectively, and the interfacial adhesion is
the strongest. At room temperature, the friction coefficients of the films that are influenced slightly by bias voltage vary
between 0.64 and 0.68. At high temperatures, the friction coefficients of the films decrease with the increase of
temperature.
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Fig. 1 XRD patterns of TaN films deposited at different bias

voltages
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Fig. 2 Grain sizes of TaN films deposited at different bias

voltages
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Fig. 3 AFM morphologies of TaN films: (a) Without bias
voltage; (b) With bias voltage of 80 V
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Fig. 4 Hardness (a) and elastic modulus (b) of TaN films

deposited at different bias voltages
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Fig. 5 Scratch shapes of TaN films deposited at different bias
voltages: (a) 0 V; (b) 40 V; (¢) 80 V; (d) 120 V
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Fig. 6 Friction coefficient curves (a) and average friction coefficients (b) of TaN films deposited at room temperature and different

bias voltages
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Fig. 7 Typical SEM image of abrasion marks of TaN films (a) and EDS result of selected ranges denoted by frame in Fig. 7(a)
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Fig. 10 XRD patterns of wear tracks formed at 200 ‘C and
500800 C of TaN films deposited at bias voltage of 80 V
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