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Mechanical Properties of Nano Ti Films with Different Thickness
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Abstract: Four nano-Ti films with different thickness were deposited by direct current magnetron
sputtering (DCMS). The mechanical properties and residual stress of the deposited Ti films were
studied using nano indentation and electronic film stress distribution tester, surface roughness
and surface morphology were analyzed using fractal dimension and the atomic force microscopy
(AFM) respectively. The results show that, with the increase of the film thickness, the Ti crystal
grain size increases gradually and both the surface roughness and residual stress increase first and
then decrease, while the hardness and elastic modulus exhibit the opposite tendency. When the
thickness of the deposited films is 600, 2400nm and 3600nm, the residual compressive stress exists;
when the film thickness is 1200nm, the residual tensile stress exists, the distribution of residual stress
is most uniform, when the residual tensile stress exists in the thin films, but the hardness and elastic
modulus are lower. The analysis shows that residual tensile stress results in the decrease of the
hardness and elastic modulus in Ti thin films, the residual compressive stress exhibits an opposite
trend.
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1 1200nm (a)SEM; (b) AFM
Fig.1 Two dimension surface morphology of Ti film at 1200nm (a)SEM; (b) AFM
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Fig. 2 Surface morphology at different thicknesses of Ti film (a)600nm;(b)1200nm; (¢)2400nm;(d)3600nm
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Fig. 3 Surface fractal dimension results of different thicknesses Ti films (a)600nm;(b)1200nm; (c)2400nm;(d)3600nm
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Fig. 6 Hardness and elastic modulus at different thicknesses of Ti film (a)hardness; (b)elastic modulus
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Table 1 Residual stress distribution of different

thicknesses Ti film

Thickness/nm Gave/ GPa omin/ GPa omax/GPa

600 —0.753 —1.316 0.584
1200 0. 344 —0.174 —0.611
2400 —0.811 —1.717 0.217
3600 —0.074 —1.635 0.543
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