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A Study on Particle Displacement Distributions of Energy-trapped
Piezoelectric Resonators and Filters Utilizing the Harmonic Modes
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Abstract

Energy-trapped thickness vibrations of piezoelectric substrates are utilized in fabricating resonators
and filters which have their operating frequencies in HF band. Normalized particle displacement
distributions of the fundamental thickness shear vibration mode and overtone modes into the thickness
direction in energy-trapped resonators and double-coupled filters were obtained by solving the wave
equation and calculating the solved equations. These results show that as the number order of the
harmonic mode in a energy-trapped resonator becomes larger, the degree of energy-trapping in the
resonator increases, and if the conditions for energy-trapping become sufficiently weak, the
energy-trapping effect of the harmonic mode which has the lower order disappears the earlier. Above
simulation results were proved by the experiments.
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Fig. 1. (a) The structure of an energy
trapped resonator using thickness

shear vibration whose substrate is
infinite, (b) A fundamental symmetric
vibraton mode and a fundamental
antisymmetric vibration mode
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Fig. 2. (a) a double acoustically coupled filter
(b) a fundamental symmetric vibration
mode and a fundamental antisymmetric

vibration mode
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Particle displacement distributions of
the first, third, fifth modes into the
lateral direction in an energy-trapped
resonator which are the third into the
thickness direction

Fig. 3.
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Fig. 4. Particle displacement distributions of the
first, third, fifth symmetric modes into
the lateral direction in a double-coupled
filter which are the third into the
thickness direction
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Fig. 5. Particle displacement distributions of the
first, third, fifth antisymmetric modes
into the lateral direction in a
double-coupled filter which are the third
into the thickness direction
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Changes of the particle displacement
distribution of the third into the
thickness direction and the fundamental
symmetric mode into the lateral direction
in energy-trapped resonators according to
decreasing the partial electrode width a/H
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