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Analysis of Effect of Charge Polarization on Stress-load Effect of FBAR
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Abstract: The mechanical sensors based on the thin film acoustic resonator (FBAR) have great potential for ap-
plication, but the sensitive mechanism of the stress-loading effect is not yet clear. The charge polarization effect may
be one of the sensitive mechanisms of the stress-loading effect. An analytical model of the charge polarization effect
is proposed to study the effect of the charge polarization effect on the resonant frequency shift. First, the expression
of the anti-resonant frequency about the material parameters of the piezoelectric layer is derived according to the rela-
tionship between the anti-resonant frequency and the longitudinal wave acoustic velocity in the ideal FBAR. Then ac-
cording to the influence of the DC voltage on the elastic constants and the thickness of FBAR, the relationship be-
tween the anti-resonant frequency and the DC voltage is deduced. Finally, the relationship between the loading force
and the charge is obtained by the piezoelectric effect. The relative offset of parallel resonant frequency is 1. 003 %
@400 V from the numerical calculation. and the correctness of model is verified by comparing this result with that
of +0.90% @400 V from the experiment. The calculation shows that the offset of the resonant frequency caused by
the charge polarization is 0. 5 kHz at 1 mN of loading force. The minimum offset of the resonant frequency measured
by the contrast experiment is about 262 kHz. It is proved that the effect of the charge polarization effect on the reso-
nance frequency offset is negligible in the stress load effect.

Key words: MEMS; mechanical sensor; thin film bulk acoustic wave resonator; stress-loading effect; charge po-

larization effect; analytical model
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