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Amplification of Acoustic Waves in Piezoelectric
Semiconductor Shells

JIASHI YANG,* XIAOMENG YANG AND JOSEPH A. TURNER
Department of Engineering Mechanics, University of Nebraska, Lincoln, NE 68588-0526, USA

ABSTRACT: Two-dimensional equations for multilayered shells of piezoelectric semicon-
ductors are derived. The equations are used to analyze the propagation of torsional waves in a
single-layered circular cylindrical shell of a piezoelectric semiconductor, and in a multilayered
shell of nonconducting piezoelectrics and nonpiezoelectric semiconductors. Dispersion and
dissipation due to semiconduction as well as wave amplification by a biasing DC electric field

are discussed.
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INTRODUCTION

PIEZOELECTRIC materials are either dielectrics or
semiconductors (Auld, 1973). An acoustic wave
propagating in a piezoelectric crystal is usually accom-
panied by an electric field. When the crystal is also
semiconducting, the electric field produces currents and
space charge resulting in dispersion and acoustic loss
(Hutson and White, 1962). The interaction between a
traveling acoustic wave and mobile charges in piezo-
electric semiconductors is called the acoustoelectric
effect which is a special case of a more general phe-
nomenon which may be called the wave-particle drag
(Weinreich et al., 1959). It was also found that an
acoustic wave traveling in a piezoelectric semiconductor
can be amplified by the application of a DC electric field
(White, 1962). The acoustoelectric effect can also be
produced in composites of piezoelectric dielectrics and
nonpiezoelectric semiconductors (Dietz et al., 1988). In
these composites, the acoustoelectric effect is due to the
combination of the piezoelectric effect and semiconduc-
tion in each component phase. The acoustoelectric effect
and the acoustoelectric amplification of acoustic waves
have led to the development of acoustoelectric devices
(Heyman, 1978; Busse and Miller, 1981; Dietz et al.,
1988). The basic behavior of piezoelectric semiconduc-
tors and the acoustoelectric effect can be described by
a linear phenomenological theory (Hutson and White,
1962; White, 1962). More sophisticated nonlinear
theories for deformable semiconductors have also been
developed (de Lorenzi and Tiersten, 1975; Maugin
and Daher, 1986). Due to multifield coupling and
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anisotropy, device modeling by these theories presents
complicated mathematical problems. Exact analysis is
possible only in rare cases, e.g., the one-dimensional
problem of thickness vibrations of plates (Wauer and
Suherman, 1997). Structural theories and numerical
methods need to be developed for device modeling.
Two-dimensional theories for thin piezoelectric dielec-
tric shells have been developed (Dokmeci, 1990; Tzou,
1993; Rogacheva, 1994; Hu et al., 2002) and proved very
effective in structural problems and device modeling.
Single- and multilayered piezoelectric semiconductor
shells can be used to produce the acoustoelectric effect
for device application. In this article, we study motions
of thin shells of layered piezoelectric semiconductors.
The three-dimensional equations of linear piezoelectric
semiconductors are summarized in the following section.
Two-dimensional shell equations are then derived.
Propagation of torsional waves in a single-layered
piezoelectric semiconductor shell, and in a multilayered
shell of piezoelectric dielectrics and nonpiezoelectric
semiconductors, under a DC field, is analyzed. Finally,
some conclusions are drawn.

THREE-DIMENSIONAL EQUATIONS

Consider a homogeneous, one-carrier piezoelectric
semiconductor under a uniform DC electric field Fj. The
steady-state current, J; = gnu;E;, where ¢ is the carrier
charge, 7 is the steady-state carrier density which
produces electrical neutrality, and u; is the carrier
mobility. The summation convention for repeated
tensor indices is used. When an acoustic wave propa-
gates through the material, perturbations of the electric
field, the carrier density, and the current are denoted
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