Analysis of Attenuation of High-frequency Acoustic Waves in Piezoelectric Crystals
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Anisotropy of the attenuation of high-frequency acoustic waves in LiNbO3 LiTaO3 (point group symmetry 3m), Bi12SiO20 and Bi12GeO20 (point group symmetry 23) crystals has been investigated on the basis of experimental data on the attenuation of acoustic waves propagating along the main crystallographic directions in these crystals. The measurements were carried out using the Bragg light diffraction on longitudinal and transverse acoustic waves at room temperature in a frequency range from 0.4 to 1.8 GHz.

According to the known perturbation theory, the attenuation coefficient can be defined in terms of the effective viscosity. Since the viscosity tensor has the same symmetry as the elastic stiffness tensor, three independent constants must be determined for the crystal class 23 and six independent constants must be determined for the crystal class 3m, to which belong the investigated crystals. The crystal cuts chosen for examination ([100], [001], [110] and [111]) gave a total of 7 different modes. 
The values of the viscosity components were determined by substituting effective viscosity values obtained from measured attenuation data into the mode viscosity equations. Using the calculated components of the viscosity tensor, the propagation velocity and the mode displacements it is possible to determine the attenuation coefficient of an acoustic mode along arbitrary direction in the crystal.
At the same time the contribution of dielectric loss in the total attenuation coefficient was assessed for piezoactive waves in these crystals. It is shown that the dielectric loss can produce a significant influence on the magnitude and anisotropy of the damping factor for piezoactive longitudinal and transverse waves in the plane (100) in LiNbO3 and LiTaO3 crystals and in the plane (110) in Bi12SiO20 and Bi12GeO20 crystals.

The obtained viscosity components were used for calculation of the anisotropy of attenuation of three wave modes propagating along any selected direction in the (110) and (001) crystallographic planes. The results can be used for the analysis and optimization of parameters of acoustic delay lines and acoustic-optical modulators.









