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Perturbation analysis of frequency shifts in thin film bulk acoustic wave resonator
under biasing fields
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Abstract: The mechanical sensor of thin film bulk acoustic resonator (FBAR) has great potential for
application, but its sensitive mechanism, stress-loading effect, can not be accurately described. In order to
accurately describe the stress loading effect and predict the sensitivity of FBAR mechanical sensor, a combined
perturbation and finite element method is proposed. The frequency-acceleration sensitivity of FBAR
accelerometer is calculated by this method. Firstly, the average biasing stress of piezoelectric layer AIN of
FBAR accelerometer under acceleration is calculated in COMSOL finite element software. Then, the resonant
frequency and corresponding mode shape of a single FBAR are calculated in COMSOL. Finally, the calculated
data of finite element and the material constants of AIN are substituted into the perturbation integral formula,
and the frequency-acceleration sensitivity of FBAR micro accelerometer is about —98.879 kHz/g. It is
consistent with the reported experimental result of —100 kHz/g, and feasibility of this method is validated.
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