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Abstract

Mechanical properties, including Young’s modulus, residual stress and rupture strength, of a
thermally evaporated gold film have been measured from a blister test. In a theoretical study, the
principle of minimum potential energy and that of virtual work have been applied to the
pressurized circular membrane problem, and load-deflection relations have been derived for
typical membrane deflection mode of spheroidal shape. In an experimental study, circular gold
membranes of 4800 A -thickness and 3.5mm diameter were fabricated by the silicon electropolish-
ing technique. Mechanical properties of the thin gold films were deduced from the load-deflection
curves obtained by the blister test. Young’s moduli, obtained from blister test, have been in the
range of 45~70 GPa, while those of bulk gold have been in the range of 78~80 GPa. Residual
stresses in the evaporated gold films have been measured as 28 ~110 MPa in tension. The rupture
strength of the gold film has turned out to be almost equal to that of dental gold alloy (310~ 380
MPaj. It has been demonstrated that the present specimen fabrication method and blister test
apparatus have been effective for simultaneous measurement of Young’s modulus, residual stress
and rupture strength of thin solid films. Especially, the electropolishing technique employed here
has provided a simple and practical way to fabricate thin membranes in a circular or an arbitrary
shape, which could not be obtained by the conventional anisotropic silicon micromachining

technique.
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Table 1 Mechanical properties measured from thermally evaporated gold-membranes of circular shape

Properties* Employed Specimen (1) Specimen (2) Specimen (3)

equation

Young's Eqn.(10) 48.7 56.0 70.7

modulus Eqn.(11) 40.0 46.0 58.2

[GPa]* Eqgn.(12) 45.0 51.7 65.4

Eqn.(13) 44.8 52.2 65.0

Residual Eqgns.

stress (10)~(13) 365 109.5 28.0

[(MPa]**

Rupture Eqn.(16) 236 332 306

strength Ean.(17) 239 317 312

[MPa]**

* v=0.42 is assumed.

* Measured with £16% error bounds.
** Measured with +79 error bounds.
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