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Abstract: This paper discusses two different techniques used to measure the mechanical properties of thin films: the
bulge test and the nanoindentation test. In the bulge test, a 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 such as Young’s modulus, and the residual stress. A nanoindentation test is performed by pushing an indenter
tip into the specimen and then withdrawing it, and then recording the indentation force as a function of the indenter
position. A modified King’s model is used to estimate the mechanical properties of the thin film in order to avoid the
effects of the substrate layers. A combination of both the bulge test and the nanoindentation test can determine both
Young’s modulus and Poisson’s ratio simultaneously.
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Fig. 1 Schematic of a spherical membrane
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Fig. 2 The bulge testing device apparatus
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Table 1 Mechanical properties of aluminum thin films
with the pile-up effect

Young’s modulus

Thickness (GPa) Poisson’s ratio
0.77um 81.33+1.32 0.264+0.017
1.136pum 80.99+2.47 0.261+0.019
1.41um 81.89+1.64 0.270+0.005
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