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Development of Bulge Testing System for Mechanical Properties Measurement of
Thin Films : Elastic Modulus of Electrolytic Copper Film
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Abstract

A bulge testing system was developed to measure mechanical properties of thin film materials. A bulge
pressure test system for pressurizing the bulge window of the film and a micro out-of-plane ESPI(Electronic
Speckle Pattern Interferometric) system for measuring deflection of the film were included in the testing
system developed. For the out-of-plane ESPI system, whole field speckle fringe pattern, corresponding to the
out-of-plane deflection of the bulged film, was 3-dimensionally visualized using 4-bucket phase shifting
algorithm and least square phase unwrapping algorithm. The bulge pressure for loading and unloading was
controlled at a constant rate. From the pressure-deflection curve measured by this testing system, ain-plane
stress-strain curve could be determined. In this study, elastic modulus of an electrolytic copper film 18 pm
was determined. The modulus was calculated from determining the plain-strain biaxial elastic modulus at the
respective unloading slopes of the stress-strain curve and for the Poisson's ratio of 0.34.
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system and bulge testing system.
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(d) Photo of testing system and bulge testing device.

Fig. 1 The out-of-plane micro-ESPI system and bulge
testing system developed in this study.
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Fig. 3 Pressure-deformation curve obtained during
bulge test for copper film and interferometric
patterns corresponding to the respective bulge
pressure.
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(a) (b)
Fig. 4 Profiles of unwrapped phasemaps measured
under (a) loading and (b) unloading.

(a) (b)
Fig. 5 The typical 3-dimensional shape of deformation
obtained from bulge test.
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Fig. 6 Arrangement of speckle interferometer sensitive
to out-of-plane displacement.
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Fig. 7 Cylindrical geometry used to calculate stress and
strain in the bulge test.
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Table 1. Comparisoin of mechanical properties determined by bulge test and micro tensile test

Material Biaxial Elastic Elastic Modulus | Yielding strength | Tensile strength | Residual Stress
Copper film (HTE) | Modulus, E* (GPa) |, E (GPa), v=0.34 ,0ys (MPa) ,outs (MPa) 0y (MPa)
Micro Bulge Test 85.641£3.23 75.74+2.8 - - 83.6
Micro Tensile Test - 74.78£3.4 304.5£7.6 3774£11.6 -
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Fig. 8 The stress-strain curve copper thin film obtained
from bulge test.
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