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Abstract: In this study, the mechanical properties of a Ti thin film are measured by a bulge test. In the bulge test,
uniform pressure is applied to one side of the film. Measurement of the membrane deflection as a function of the
applied pressure allows one to determine the mechanical properties of the film. Ti thin films with thicknesses of 1.0, 1.5,
and 2.0 pm were deposited on a Si wafer by using an RF magnetron sputtering system. These specimens were annealed
at 600 °C for 150, 300, and 600 s to investigate the effect of temperature on the yield stress and mechanical properties
of the Ti films. The elastic modulus, residual stress, and yield stress of these membranes are measured by a bulge test.
The experimental results suggest that the yield stress is sensitive to the film thickness and annealing time.
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(b) Effect of residual stress

Fig. 1 Schematic of a bulge membrane
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Fig. 2 The process for specimen fabrication: (a) silicon
substrate with Ti and SiO2. (b) Define pattern on
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Table 1 Thickness and annealing time of titanium thin films

Specimen  Thickness  Annealing Measured
No. (£m) time (s) thickness (xm)
1 1 300 1.02
2 1.5 150 1.41
3 1.5 300 1.37
4 1.5 600 1.35
5 2 300 1.82
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Fig. 3 The bulge testing device apparatus
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Table 2 Mechanical properties of Ti thin films by bulge test

. . Residual Yield
Specimen Elastic Stress stress
No. Modulus (GPa) (MPa) (MPa)
1 105.4+10.7 28.2+4.9 242+15
2 115.9+13.4 18.7+£8.0 236+16
3 139.6+7.4 19.4+3.4 215+15
4 119.2+15.3 24.1£1.2 20747
5 113.8+16.2 22.2+5.0 206+6
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