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Fluid-structure interaction analysis of micromechanical resonance sensor
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ABSTRACT

A micromechanical resonance sensor detects the resonance frequency shift due to mass or adsorption induced surface
stress change during molecular adsorption or interaction on its surface. The resonance sensor is surrounded by gas or
liquid solution during operation. To study the resonance shift phenomena depending on its surrounding environment,
fluid-structure interaction of the resonance sensor has been analyzed for the different fluid environment and boundary

conditions using finite element analysis.
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Fig. 1 Schematic diagram of a microcantilever and a
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Fig. 2 Schematic diagram of a microcantilever and a

microbridge in fluid environment

Table 1 Material and environment media properties

SiNx Au Air Water
E (GPa) 100 73 N/A N/A
v 0.273 0.35 N/A N/A
P (kg/mg) 2,400 19,300 1.23 999
1.01 x 10°
Kk (Pa) N/A N/A (Isothermal | 2.15 % 10°
process)
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(a) (b) (c)
Fig. 4 Mode shape of 1 st resonance frequency of
a microcantilever. (a) vacuum environment, (b) air
environment, (c) water environment.

(a) (b) (©
Fig. 5 Mode shape of 1 st resonance frequency of
a microbridge (a) vacuum environment, (b) air

environment, (c) water environment.
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Fig. 6 Resonance frequencies of a microcantilever

in different flud environment conditions.
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Fig. 7 Resonance frequencies of a microbridge in

different fluid environment conditions.
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Table 2 Density values for the different
temperature values

Temperature(C) p (kg/m®)
-10 1.341457
0 1.292646
10 1.246705
20 1.204177
40 1.164455
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Fig. 8 Resonance frequencies of a microcantilever

for temperature changes
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Fig. 9 Resonance frequencies of a microbridge for
temperature changes
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Table 3 Density values for the different relative
humidity values

Relative humidity (%) p (kg/m®)

0 1.225072
20 1.220948
40 1.216824
60 1.2127
80 1.208576
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Fig. 10 Resonance frequencies of a microcantilever

for relative humidity changes
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Fig. 11 Resonance frequencies of a microbridge
for relative humidity changes
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