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Wolfgang, Ghozlen, Mohamed Hédi Ben, Effect of initial stress on the propagation
behavior of SAW in a layered piezoelectric structure of ZnO/Al2O3.Mechanics
Research Communications http://dx.doi.org/10.1016/j.mechrescom.2016.06.005

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.mechrescom.2016.06.005
http://dx.doi.org/10.1016/j.mechrescom.2016.06.005


 

Mechanics Research Communications. 
Year

Publication Office:  

Elsevier UK  
 

Editor-in-Chief:A. Rosato New Jersey Institute of Technology, Newark, New Jersey,  
USAAnthony.Rosato@njit.edu 

 

 

 

 

0093-6413© 2015 The Authors. Published by Elsevier Ltd. 

Effect of initial stress on the propagation behavior of SAW 

in a layered piezoelectric structure of ZnO/Al2O3 

Souhir Mseddi1, Farid Tekeli1, Anouar Njeh1 , Wolfgang Donner2 and Mohamed Hédi Ben Ghozlen1 

 
1Laboratoire de Physique des Matériaux, Faculté des Sciences de Sfax, Université de Sfax, Tunisie. 

2Institute of Materials Science,University of Technology, Alarich-Weiss-Strasse.2, 64287 Darmstadt, Germany. 

 *pmc_mseddi@yahoo.fr  
Tel.:+216-25330205; 

Highlights: 

 A physical model for Acoustoelastic effect in layered piezoelectric structure is described. 

 Various experimental measurements of ZnO/Al2O3 is used for the numerical calculations. 

 Influence of the measured initial stress on the SAW velocity and on the coupled electromechanical coefficient. 

 

Abstract 

Theoretical analysis of surface acoustic wave (SAW) propagation in a pre-stressed layered piezoelectric structure basing on the modified 
ordinary differential equation (ODE) is described. Numerical calculations involve a thin piezoelectric layer of ZnO bonded perfectly to an 
elastic substrate of Al2O3. ZnO thin films are deposited on Al2O3 substrates using plasma assisted molecular beam epitaxial (MBE). The 
crystallographic orientation of ZnO thin films and the surface morphology are analyzed by X-ray diffraction (XRD) and atomic force 
microscopy (AFM) respectively. The density and the thickness of the ZnO films are determined by X-ray reflectivity. The initial stress and 
strain of ZnO films are measured by X-ray diffraction method. The effect of initial stress on the propagation behavior of Rayleigh and Love 
waves and on the coupled electromechanical factor is discussed. 
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1. Introduction 

Recently, there has been a growing interest in studying the effect of external perturbations such as residual stresses and strains 
on the propagation of acoustic waves. The presence of a biasing state induced by these perturbations can significantly affect the 
characteristics of bulk acoustic wave (BAW) and surface acoustic wave (SAW). In the field of thin film technology, 
understanding and predicting the propagation behavior of SAW under an initial mechanical stress is of primary importance. The 
initial stresses in the film are inevitable and important because they may result in frequency shift, a change in the velocity of 
SAW and controlling the selectivity of a filter and temperature compensation of the devices [1]. To improve the performance or 
to select the most suitable operating conditions of SAW devices, several theoretical and experimental studies have been carried 
out to analyze the different types of plane waves in various electrical or mechanical pre-stressed structures; both piezoelectric 
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