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Abstract: The inertia force sensing characteristics of FBAR(Film Bulk Acoustic wave Resonators) micro-
accelerometer sensor are studied, which integrates inertial force sensing structure of silicon micro mass-
proof and cantilever beams with AIN(Aluminum Nitride) FBAR detecting elements. The stress distribution
of silicon micro supporting beam under the inertia force loads are obtained by applying Finite-Element
Analysis(FEA) static simulation. Then the maximum stress value is selected as load, the relationships
between elastic coefficient and stress of wurtzite AIN are calculated according to the first principles.
Therefore, the maximum variation of AIN elastic coefficient under the inertia force load can be predicted.
Next, the micro-accelerometer frequency characteristics and the tendency of FBAR micro-accelerometer
are predicated through the analysis of harmonic response. It is concluded that the resonance frequency of
FBAR micro-accelerometer shifts to a higher one under an inertial load, with a sensitivity about kHz/g;
and there exists a good linearity in the acceleration increment—{requency shift characteristic curve.
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Tablel Second-order polynomial fitting of the numerically calculated pressure (0-30 GPa) dependent elastic constants for Wurtzite AIN

elastic constant/GPa second-order polynomial fitted in [11] second-order polynomial fitted in [12]
o 415+4.16P—0.004P* 397+3.78P—0.009P*
o 128+3.26P+0.017P* 143+2.78P+0.004 P
o 91+3.26P-0.048 P 112+3.34P-0.016P*
33 386+2.06P—0.016P° 372+3.65P-0.066P°
Cas 96+0.92P—-0.057P* 116+0.75P—0.008 P
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Table2 Initial structural parameters of FBAR micro-accelerometer

parameter mass-proof(Si) cantilever beam(Si) piezoelectric film(AIN)
(kg m?) 2332 2332 3260
¢55/GPa 160 160 -
Poisson's ratio 0.22 0.22 -
L/pm 1 000 1 000 500
W/um 1 000 100 100
d/pm 300 10 2
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Fig.3 Static simulation results of the silicon micro mass-cantilever structure
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Table3 Maximum stress and maximum stain of FBAR under the action of inertial loads

inertial load/g 100 200 300 400

maximum stress/MPa 40.1 79.4 119 158

maximum displacement/um 534 107 160 213
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Fig.4 FBAR impedance characteristics curves under different inertial loads (0~400 g)
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Table4 Resonance frequency of the FBAR under different inertial load conditions

inertial load/g 0 100 200 300 400
series resonant frequencies/GHz 1.906 3 1.906 7 1.907 0 1.907 3 1.907 7
parallel resonant frequencies/GHz 1.964 3 1.964 7 1.9650 1.9653 1.9657
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