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Effect of substrate temperature on surface morphology and mechanical

properties of Ti films

WANG Xing MA Mingwang WAN Ruiyun WANG Lei TAN Xiaohua
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract  [Background] Titanium and its alloys are widely utilized within the military, aerospace, shipping,
nuclear energy, and biomedical fields because of the advantages of low density, high strength, good corrosion
resistance, and high biocompatibility. Moreover, titanium films are important materials for surface protection due to
their high hardness and good compactness. During the preparation of titanium films, the surface morphology and
phase structure will be influenced by substrate properties (e.g., surface morphology and temperature), working gas
pressure, and other factors. Substrate temperature mainly influences the growth process of thin films, which directly
affects the grain structure of the films, and thus changes the corresponding mechanical properties. [Purpose] This
study aims to establish the relationship between substrate temperature and mechanical properties of titanium films.
[Methods]| Firstly, titanium film samples were prepared at a substrate temperature range of 600~750 °C by using
resistance evaporation coating on the surface of molybdenum substrate. Then, the structural characterization of the
film was examined using X-ray diffraction (XRD) so as to obtain the preferred orientation of titanium film. Scanning

electron microscopy (SEM) and atomic force microscopy (AFM) were employed to identify the surface morphologies
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of the titanium films, including grain size distribution and surface roughness. Finally, an AFM nano-indentation

method was performed to examine the mechanical properties of the titanium films and obtain the elastic modulus of

titanium film. [Results] The results demonstrate that the substrate temperature significantly influences the

microstructure and mechanical properties of titanium films. When the substrate temperature increases from 600 °C to

750 °C, the preferred orientation of titanium films changes from (101) to (002) due to the competition between the

minimization of strain energy and surface energy. With the increase of substrate temperature, the mobility of titanium

atoms on the substrate increases, resulting in increased average grain size, surface roughness, and elastic modulus of

the titanium films. The average grain size increases by 26% as the substrate temperature increased from 600 °C to

750 °C. [Conclusions|] The microstructure, surface morphology, and mechanical properties of titanium films are

sensitive to substrate temperature. A high substrate temperature in the process of resistance evaporation is more

desirable to obtain titanium films with high mechanical properties.

Key words Substrate temperature, Titanium, Preferred orientation, Grain size, Nanoindentation
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Substrate temperature / °C  Tip radius / nm Poisson's ratio Average E_/ GPa Average E / GPa
600 40 0.32 102.7£15.4 92.2+13.8

650 40 0.32 127.0£12.6 114.0+11.3

700 40 0.32 146.9£17.3 131.8+15.6

750 40 0.32 195.7+16.1 175.7x14.5
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