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Abstract 
Nowadays, sensor technology has attracted great interest in 
various domains. In this work, we have analyzed phononic 
band gaps of one-dimensional phononic crystal made by a 
stack of N bi-layers of LiNbO3/SiO2. The transmission 
spectrum of acoustic waves is calculated by using the 
transfer matrix method (TMM).  
The results clearly demonstrate the existence of phononic 
band gap of which the position and the width are strongly 
affected by many physical parameters. Our results are useful 
in various applications such as acoustic barriers and sensor 
materials. 

 

1. Introduction 
Phononic crystals (PnCs) are a new class of materials that 
exhibit periodic distributions in their density and elastic 
properties in one, two or three dimensions of space [1]. 
These structures are called 1D, 2D and 3D phononic crystals 
respectively. Such crystals allow to modifying the 
propagation of acoustic/elastic waves and prohibiting the 
propagation of acoustic/elastic waves in certain directions 
and frequency ranges [2].  
It has long been known that elastic waves cover many wave 
phenomena in different states of matter: sound in air, 
acoustic waves in water and liquids, phonons in solids. In 
recent years, phononic crystals have been inspired much 
interest due to their potential for controlling the propagation 
of acoustic waves [3]. Phonoic crystal can be used for many 
different applications such as acoustic filtering, waveguides 
or sensor applications [4-6 ].   
The aim of this paper is to give an analysis and study of the 
phononic band gap of the one dimensional periodic 
structures. Firstly, we have studied the propagation of the 
longitudinal acoustic waves through 1D-PnCs by two 
methods; the expanding plane wave (PWE) method adopted 
for diagram dispersion and the Transfer matrix method 
(TMM) which adopted for 1D periodic structures.  
Secondly, using the transfer matrix method (TMM), the 
transmission coefficients are calculated and plotted for  
 

 
longitudinal waves in order to studying the effects of 
different physical and geometrical parameters such as the 
lattice constant, the contrast in densities and the contrast in 
longitudinal speed of waves in matrix material. Finally, 
special interest was devoted on the phenomenon of local 
resonance inside the phononic band gap in order to use such 
structure for sensing applications. 
 

2. Structure design 
The one-dimensional phononic crystal (1D-PnC) structure, 
which is composed of periodically alternating layers of 
LiNbO3 and SiO2 with thicknesses of a1 and a2, respectively, 
is presented in Figure 1.  
Where a1 the thickness of the LiNbO3 layer and a2 is the 
thickness of the SiO2 layer. The lattice constant is 
a=a1+a2=1mm.  
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1: A schematic diagram of a perfect 1D-PnCs 
 
The elastic constants of the matrix and of the inclusions 
constituting the 1D crystal are illustrated in Table 1. 
 

Table 1: This is an example of a table. 
 

 
 

 
 

Material U (kg/m3) (m/s)T v (m/s) Lv 
3LiNbO 4674 4030 6574 

2SiO 2600 3370 5840 

a1 a2 a=a1+a2 

x 

y 

Incident wave 

SiO2 LiNbO3 
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3. Results and Discussion 

3.1. 1D Phononic band gap 

Using the transfer matrix method (TMM) and the plane 
wave expansion method (PWE) we can calculated the 
phononic band gap in the case of the propagation of a 
longitudinal wave. Figure 2 (a) illustrates the transmission 
spectrum as a function of frequency obtained with TMM 
method, while Figure 2 (b) shows the dispersion diagram of 
1D-PnC. The blue bands represent the phononic prohibited 
bands which appeared for longitudinal wave. 

 
Figure 2: (a) Transmission spectrum as a function of 
frequency for a longitudinal wave, (b) Dispersion diagram 
obtained by the PWE method for a 1D-PnC.  
 

3.2. Effects of physical properties 

Using transfer matrix method, we are interested to studying 
the influence of some acoustic/elastic parameters notably the 
contrast in density and in the speed of longitudinal wave on 
the properties of phononic band gap.  
Figure 3 reports the variations of the phononic band gap 
properties as a function of density contrast between LiNbO3 
and SiO2 materials (red dashed curves). While, the solid 
green curves show the effects of longitudinal speed in the 
matrix material on the width and position of the Pn-BG. The 
results demonstrate clearly that density contrast and 
longitudinal speed in matrix have a great influence on the 
location and bandwidth of Pn-BG.  
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Figure 3: (a) width and position of 1D phononic band gap 
as a function of density contrast (red curves), (b) variations 
of 1D Phononic band gap properties as a function of 
longitudinal speed in matrix material (green curves). 
 

4. Conclusions 

In this work, an analysis of a perfect 1D-PnCs formed by the 
stack of 10 bi-layers of LiNbO3/SiO2 has been studied, using 
transfer matrix method and PWE method.  
The various calculations show clearly that the physical 
properties; in particular density contrast and the longitudinal 
speed in matrix material have a great influence on the 
position and on the size of phononic band gap which proves 
the ability to use the 1D-PnCs with defect in sensors 
applications. 
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