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ABSTRACT

A theoretical approach is carried out to predict the quality factors of flexible modes of a micro-

cantilever on a squeeze-film. The frequency response function of an inertially-excited microcantilever

beam is derived using an Euler-Bernoulli beam theory. The external force due to squeeze-film phe-

nomenon is developed from the Reynolds equation. Slip boundary conditions are employed at the in-

terfaces between the fluid and the structure to consider the gas rarefaction effect, and pressure boun-

dary condition at both ends of fluid analysis region is enhanced to increase the exactness of pre-

dicted quality factors. To the end, an approximate equation is derived for the first bending mode of

the microcantilever. Using the approximate equation, the quality factors of the second and third

bending modes are calculated and compared with experimental results of previously reported work.

The comparison shows the feasibility of the current approach.
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Table 1 Specific values of variables for squeeze-film
damping analysis®

Symbol Quantity Value
i Length of cantilever 300 ym
b Width of cantilever 18 ym
theam Thickness of cantilever 2.25 ym
E Young’s modulus 160 GPa
Ploeam Density of cantilever 2330 kg/m3
h Gap height 1.83 ym
o Viscous coefficient 18.6 pPa-s
P Density of air 1.21 kg/m’
R Individual gas constant 286.9 J/(K -kg)
o, Slip coefficient 1.016

3.3466 3.3466 3.3466 3.3466
Frequency(Hz) x10"

Fig.3 Frequency response function at P,=0.001
Torr(Q is quality factor)

Table 2 Curve fitting results for coefficients of an
approximate equation in Eq. (30)

1 4 5 6 7

co 1.84 1.83 1.811 1.80
ci 1.42 1.09 0.864 0.780
c2 -0.413 0.306 1.19 1.65
c3 0.0299 -0.460 -1.44 -2.21
cq 0.00184 0.134 0.595 1.16
cs - -0.0122 -0.110 -0.311
Cs - - 0.00766 0.0428
c7 - - - -0.00239
R’ 0.993 0.998 1.000 1.000

R* is the coefficient of determination, a measure of how
well future outcomes are likely to be predicted by the
model"?
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