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ABSTRACT

MEMS structures generally have been fabricated using surface-machining method, but the interface failure

between silicon substrate and evaporated thin film frequently takes place due to the residual stress inducing by
the applied the various loads. And the very important physical property in the heated environment is the linear
coefficient of thermal expansion. Therefore this paper studied the residual stress caused the thermal loads in the

thin film and introduced the simple method to measure the trend of the residual stress by the indentation.

Specimens were made of materials such as Al, Au and Cu and thermal load was applied repeatedly. The

residual stress was measured by nano-indentation using AFM and FEA. The existence of the residual stress due

to thermal load was verified by the experimental results. The indentation length of the thermal loaded specimens
increased minimum 11.8% comparing with the virgin thin film caused by tensile residual stress. The finite
element analysis results are similar to indentation test.
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evaporated Al film
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Si substrate

Fig. 1(a) Type A : Specimen shape fabricated using
evaporated method

evaporated Al film

Si substrate

Fig. 1(b) Type B : Specimen shape fabricated using
evaporated method
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Fig. 1(c) Type C : Specimen shape fabricated using
evaporated method

Table 1 The thickness of thin film evaporated by each

material
Al Cu Au
Ist 1
st fayer 120nm | 85nm 750m
thickness
2nd layer 64
thickness nm
total thickness 184nm 149nm 139nm
substrate 0.55 % 10°nm
thickness
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Fig. 2 Dimensions and shape of the Berkovich
indenter fabricated with diamond
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Table 2 The mechanical properties of each material

E poisson's ratio | CTE at 20C
Si | 150GPa 0.17 2.7X10°%C
Al | 68GPa 0.38 274X 10°%C
Au | 77.2GPa 0.42 152X 10%C
Cu | 110GPa 0.343 202X 10%C

Fig. 3 Finite element model of the specimen coated
using different materials
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Fig. 4 A three spaces prism shape to calculate the
relationship between height, length and

indentation area

Fig. 5(a) AFM image of Al_Au specimen indented by
berkovich shape nano-indenter which don't
applied the thermal load

5.0 um 7.5

0 2.5
Fig. 5(b) AFM image of Al Cu specimen indented
by berkovich shape nano-indenter applied

the thermal load

Table 3 The length of indentation induced on each
different material

Material Al-Au Al-Al Al-Cu
Lt 220nm 241nm 212nm
Lm 246nm 276nm 266nm

Lr—Lnt 26nm 35nm 54nm
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Fig. 6 Stress distribution to X-direction in the Al-Cu
specimen applied the thermal load
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