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Abstract 

The phononic crystal band calculation and control method were studied. We used the 

finite element software COMSOL to analyze the modulation law of band gap width. The 

material parameters, structure parameters and phononic crystal plate thickness were the 

main factors affecting the band gap. It was found that the larger the density ratio of the 

scattering body was, the greater the density of the matrix would be; the wider the band 

gap was, the greater the influence of the scattering body on the band gap appeared. In the 

aspect of structure parameters, it was found that the higher the symmetry was, the wider 

the bandgap width of the crystal lattice would be. In terms of filling rate, the forbidden 

band width became wider when the filling rate was increased, and the forbidden band 

width narrowed to a certain extent. In the aspect of phononic crystal plate thickness: two-

dimensional component phononic crystal plate thickness had an impact on the band gap. 

As the thickness of the plate increased, the band gap became wider. The results were of 

guiding significance for the design and fabrication of novel acoustic devices. 
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1. Introduction 

Phononic crystal is a new type of acoustic functional material with many acoustic 

properties that are not available in natural materials. In recent years, people have done a 

lot of research on phononic crystals. The propagation of acoustic waves in periodic 

composites is the main research direction of phononic crystals[1]-[5].The resonance 

characteristics and bandgap characteristics of phononic crystals can be obtained by the 

equations of motion of acoustic waves in phononic crystals. The significance of phononic 

crystal research is that these properties are used to control the propagation of sound waves 

in the crystal[6]-[8]. The formation of the band gap is mainly caused by multiple coherent 

scattering. The scattering mechanism is mainly divided into microscopic scattering and 

macroscopic scattering[9]-[12]. Microscopic scattering is mainly Mie scattering[13],[14]. 

The macroscopic scattering is mainly the Bragg scattering effect. The two scattering 

interactions form a band gap[15]-[17]. Various studies have shown that the formation of 

phononic crystal bandgap is mainly the influence of material parameters and structural 

parameters[17]-[20].  

In this paper, the finite element method was adopted to calculate the bandgap of 

phononic crystal. The influence of component material parameters, structural parameters 

and plate thickness on the bandgap was discussed. The material parameters of the element 

included the matrix, the density of the scatterer, the modulus of elasticity and so on. The 

structural parameters included lattice form, filling rate and so on. In this paper, we mainly 

studied the influence of material parameters and filling rate on the bandgap, so as to 
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determine the extent of the bandgap width affected by these factors, and provided 

theoretical guidance for the bandgap design of phononic crystals. 

 

2. Modulation Law Analysis based on Band Gap Width 
 

2.1. Effect of Material Parameters on Structure of Phononic Crystal Bands 

The influence of the material parameters of the scattering body on the band gap was 

studied by fixing the remaining parameters and changing only one parameter. The 

phononic crystal model used is shown in Figure 1. The fill rate 532.0f , lattice constant 

ma 0017.0 , radius of the scatterer cylinder mr 0007.0 . Scatter material was steel. 

The steel cylinders were regularly arranged in the epoxy resin by the square lattice. The 

related material parameters are shown in Table 1.  

Table 1. The Related Material Parameters 

 

 

 

Materials 

 

 

Density 

).( 3mkg  

 

 

Young modulus 

E 

(or Volume 

modulusK)/

Pa1010  

 

Shear modulus 

Pa1010/  

Epoxy resin 1180 0.435 0.159 

Gold 19500 8.5 2.99 

Tungsten 19100 35.41 13.11 

Lead 11600 4.08 1.49 

Copper 8950 16.46 7.53 

Steel 7780 21.06 8.10 

Ti 4540 11.70 4.43 

Aluminum 2730 7.76 2.87 

Carbon 1750 23.01 8.85 

Barium carbonate 5300 10.6 4.09 

Epoxy resin 1180 0.435 0.159 

 

The finite element method was used to analyze the first six characteristic frequencies 

and modal shape of the phonon crystal structure. The results are shown in Table 2. In 

order to observe the characteristics of each feature frequency clearly, the mode shape is 

shown in Figure 1.  
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Table 2. Phononic Crystal Structure of the Original Cell Frequency Table 

 

Order 

 

（a） 

 

（b） 

 

（c） 

 

（d） 

 

（e） 

 

（f） 

 

Characteristic  

Frequency 

(kHz) 

 

 

236 

 

 

323 

 

 

388 

 

 

411 

 

 

499 

 

 

510 

 

  

(a) The original cell diagram (b) The square lattice 

Figure 1. Structure of Two - dimensional Two - element Phononic Crystals 

It can be clearly seen from the vibration modes of the graphs of Figure 

2.(a)、(b)、(c)、(d)、(e)、(f). For the graphs (a), (b), (c), (d), vibration mainly 

concentrates on the base of the steel cylinder scatterer. (a) and (b) form a narrow band gap 

of 236 kHz to 323 kHz. For the (e) and (f) ,the vibration displacement is very small. In 

graphs (f), there are multiple peaks and valleys, that is, the energy is dispersed, so it is 

difficult to form a band gap. 

When taking the scatterer densities from small to large of carbon, aluminum, steel, lead 

and gold (parameters shown in Table 1)，We fixed other parameters. The filling rate f 

was 0.007m, and the lattice constant a was 0.0017m. The shape of the scatterer was 

circular, and the radius of the scatterer cylinder r=0.0007m. The phonon crystals formed 

by the material in the epoxy matrix were arranged in a square lattice cycle. And we 

studied the band structure of each material as a scatterer. 

Table 3. Change the Band Gap Calculated by the Scatterer Material 

 

Material 
 

carbon 

 

aluminu

m 

 

steel 
 

lead 

 

gold 

 

Bandgap 
 

110~150

kHz 

 

900~130

0kHz 

 

500~120

0kHz 

 

419~599

kHz 

 

300~611

0kHz 

 

The bandgap results of the phononic crystals of each material calculated by the finite 

element method are shown in Table 3. 

 

Matrix 
Epoxy resin 

Lead core 

Scatter 
R 

a1 

a2 
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(a) (b) 

  

(c) (d) 

   

(e) (f) 

Figure 2. Finite Element Calculation of Phononic Crystals 

 

Figure 3. Variation of the Relative Width of the Band Gap with the Density of 
the Scatterer 

It can be clearly seen in Figure 3, as the density of the scatterers increases, the lower 

boundary of the band gap moves downward (upper and lower curves represent the upper 

and lower boundaries, respectively). The change of band gap upper boundary is not large, 

but there are two inflection points. The two are lead and gold, respectively, and they all 

have in common that the Young's modulus is relatively small. 

We discussed the effect of Young's modulus on the bandgap width. We took the 

Young's modulus from small to large of lead, aluminum, gold, barium carbonate, titanium, 

copper and steel, as shown in Figure 4. 
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Figure 4. Variation of the Bandgap Boundary with Young's Modulus 

It can be seen from the figure 4. that with the increase of the Young's modulus, the 

upper bound increases and the lower boundary of the bandgap changes little. 

The effect of shear modulus on the band gap width is discussed below. We took lead, 

aluminum, gold, barium carbonate, titanium, copper, and steel sorted in ascending order 

of modulus of shear, and obtained a graph as shown in Figure 5 below. 

 

 

Figure 5. Variation of Band Gap Boundary with Shear Msodulus 

It can be seen from Figure 5. that the upper and lower margins of the bandgap are not 

changed with the increase of the shear modulus. 

The rule obtained from these three graphs is that the Young's modulus of the scatterer 

mainly affects the upper boundary of the bandgap. The larger the Young's modulus is, the 

more the upper edge of the bandgap moves. The density of the scatterer mainly affects the 

lower boundary of the bandgap. The greater the density is, the lower the lower gap of the 

bandgap will be. The shear modulus has little effect on the bandgap. Therefore, if a wide 

bandgap width is wanted, it is necessary to select the bigger scattering body density and 

the smaller corresponding Young's modulus of the material as a phononic crystal material. 

The effect of changing the matrix material parameters on the bandgap is discussed 

below. Changed matrix material parameters, fixed lattice form, fill rate, scatterer material, 

and shape. The comparison shows that when the scatterer is determined, as the matrix 

density decreases, the lower bandgap decreases, which is similar to the decrease of 

scatterers' material density as the bandgap decreases. When the Young's modulus of the 

matrix increases, the width of the band gap do not change much. 
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In summary，the density of the scattering material mainly affects the lower boundary 

of the bandgap. The greater the density is, the more the lower boundary of the bandgap 

moves down. The Young's modulus of the scatterer mainly affects the upper boundary of 

the bandgap. The larger the Young's modulus is, the more the upper boundary of the 

bandgap moves upwards. The influence of the density of the matrix material on the 

bandgap is similar to that of the scatterer, which only affects the lower boundary of the 

band gap and the Young's modulus of the matrix has little effect on the bandgap. The 

shear modulus has little effect on the band gap, compared with the density and Young's 

modulus could be ignored. Therefore, when the scatterer and the matrix material density 

difference is large, the band gap structure is wider. 

 

2.2. Influence of Structural Parameters on Gap Structure 

The influence of structural parameters on the bandgap mainly includes three aspects: 

lattice form, filling rate and scatterer shape. We used triangular lattice and square lattice 

as the lattice structure, and used elliptical scatterers and circular scatterers as the scatterers  

for further study. 

 

2.2.1. Influence of lattice form on the structure of phononic crystal 

 We discussed the lattice effect on the bandgap. The lattice type mainly includes 

triangular lattice, square lattice, hexagonal lattice. We used triangular lattice. Fixed other 

parameters and only changing the lattice form for the triangle. Selected the shape of the 

scatterer for the cylindrical, scattering material for the lead. Scatter cylindrical radius was 

0.0007m. The matrix material was the epoxy resin and lattice constant was fixed as 

00017m.  

The finite element method was used to analyze the first five characteristic frequencies 

and modes of phonon crystal structure. The results are shown in Table 4. In order to 

clearly observe the characteristics of the characteristics of the frequency, its mode is 

shown in Figure 6. 

Table 4.  Phonon Crystal Structure of the Original Cell Frequency Table 

 

Order 

 

(a) 

 

(b) 
 

(c) 

 

(d) 

 

(e) 

 

Characteristic 

frequency 

(kHz) 

 

 

290 

 

 

330 

 

 

401 

 

 

490 

 

 

850 

 

In Figure 6 (a), both the lead scatterer and the matrix vibrate. In Figure 6 (b) and 

(c) ,the vibration of the system is mainly concentrated in the matrix. The smaller the 

vibration of the lead scatterer is, the smaller amount of sound insulation and the narrower 

the bandgap is. Figure 6 (d) and (e)’s vibration are mainly concentrated in the vicinity of 

lead material and the substrate vibration is very small. The vibration displacement of the 

scatterer is reversed from that of the other four directions to cut off the original dispersion 

relation. So the sound transmission is small, which results in a wide bandgap of 490 kHz 

to 850 kH.   
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(a) (b) 

  
(c) (d) 

    
(e) 

Figure 6. Finite Element Calculation Results of Triangular Lattice 

In summary, when the scattering body shape is circular, scatterer material for the lead 

cylinder, scatterer cylindrical radius of 0.0007m, the base material for the epoxy resin, 

lattice constant fixed and only changing the lattice form for the triangular lattice, the 

bandgap width of the phononic crystal is widened. When the shape of the scatterer is 

closely arranged in a square lattice, its filling rate is 0.532. When the triangular lattice is 

closely arranged, its filling rate is 0.614. This is because in a more compact environment, 

the vibration of the scatterer and the interaction with the medium is more intense. Then 

we studied the effect of the fill rate on the bandgap. 

 

2.2.2. Effect of Filling Rate on the Structure of Phononic Crystal 

We studied the effect of the fill rate on the bandgap. Fixed the other parameters 

unchanged and changing only the fill rate. The lattice form selected the square lattice. The 

shape of the scatterer was circular. The scatterer materiala was lead cylinder. The matrix 

material was the epoxy resin, and the lattice constant a was 0.0017m.. We changed the 

filling rate by changing the radius of the lead cylinder. Lead cylindrical radius were taken 

0.00051m, 0.0007m, 0.00074m and so on. The corresponding filling rates were 0.321. 

0.532, 0.643 and so on. We used the finite element method to compute the bandgap 

structure and then obtained the following graph. 
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Figure 7. Variation of the Relative width of the Bandgap with the Filling Rate 

It can be seen from Figure 7. that as the filling rate gradually increases, the band gap 

increases, the lower bound decreases gradually and the width becomes wider. This is 

because when the scatterer increases to a certain volume, the vibration effect between 

adjacent two columns is strengthened and the band gap width is increased. When the 

radius of the scatterer increases to 0.0007m and the corresponding fill rate f is 0.532, the 

lower boundary of the bandgap begins to move up and the corresponding bandgap width 

becomes smaller. 

 

2.3. Influence of Plate Thickness on Gap Structure 

The above discussion is based on a primitive to consider. However, in practical 

applications, we tend to apply it in a finite cycle. Therefore, it is necessary to research the 

vibration transfer characteristic of the phonon crystal of the periodic composite plate. 

Because of that the thickness h is much smaller than the size of the xoy direction, so that 

the foregoing discussion, the effect of thickness on bandgap is ignored. But in real life, 

phonon crystals always have a certain thickness, which has a certain effect on the band 

gap. So the effect of the thickness of the phonon crystal plate on the bandgap is 

investigated. 

The model used in this article is shown above, the lead, whose radius r is 0.0007 meters, 

is arranged in the epoxy resin according to the 8*8 cycle unit, its cross section is circular, 

the thickness h is 0.0015m, the lattice constant a is 0.0017m and the fill rate f is 0.532. 

The analysis of the modal was carried out by finite element method. The first six 

characteristic frequencies and modal shape of phonon crystal structure were analyzed, and 

the results are shown in Table 5 below. In order to clearly observe the characteristics of 

the natural frequencies, the modal shape of each frequency is listed. 

Table 5. Phonon Crystal Structure of the Original Cell Frequency Table 

 

Order 

 

(a) 

 

(b) 
 

(c) 

 

(d) 
 

(e) 

 

(f) 

 

Characteristi

c frequency 

(kHz) 

 

 

510 

 

 

880 

 

 

960 

 

 

1010 

 

 

1250 

 

 

1250 

In order to study the characteristics of the phononic crystal plate more clearly, modal 

analysis of it was conducted. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 8. The Mode Diagram of the Phononic Crystal Plate under Different 
Modes 

As shown in Figure 8, the vibrations in a single period in Fig. 8 (a) and (b) are all 

concentrated on the scatterers. The scatterer in Fig.8 (a) undergoes a total shear vibration. 

The vibrations of the substrate are small and the scatterer vibrates like a spring vibrator. 

The original dispersion curve is cut off. Vibrations in Fig.8 (b)are similar in a single 

cycle. The diagonal of the circle divides the scatterer cylinder into two semicircles. Two 

semicircles vibrate in opposite directions to form a band gap of 510kHz ~ 880kHz. Fig.8 

(b), (c) and (e) are all different from each other in a single periodic unit, and it is difficult 

to form a band gap. Fig.8 (f) can not cause resonance because vibration is small. 
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In studying the effect of the thickness of the phononic crystal plate on the bandgap, 

we only changed the thickness of the board and kept the other parameters unchanged. The 

thickness of the phonon crystal plate is 0.001 m, 0.0015 m, 0.002 m separately. The 

calculation is shown in Table 6. 

Table 6. The Effect of Phonon Crystal Plate Thickness on Bandgap 

 

h 

 

0.001m 

 

0.0015m 

 

0.002m 

 

Band gap 

 

660kHz~780k

Hz 

 

510kHz~880k

Hz 

 

920kHz~1410k

Hz 

From the data in the table, as the thickness of the plate increases, the bandgap widens. 

In practical applications, the board of the phonon crystal is thick, therefore, the effect 

of the thickness of the plate on the bandgap should be considered when designing the 

phonon crystal. 

 

3. Conclusion 

In this paper, we mainly discussed the bandgap structure of two-dimensional two-

element phononic crystals. Many factors influence the bandgap, which are divided into 

material parameters, structural parameters and the thickness of phononic crystal plate. In 

our study, the material parameters mainly included the parameters of the scatterer material 

and the material parameters of the matrix. The effects of the density, Young's modulus 

and shear modulus on the bandgap were discussed. It was concluded that when the 

scatterers and the matrix densities were quite different, the band gap width was wider and 

the material density mainly affected the lower boundary of the band gap. When the 

Young's modulus of the scatterer was large, the width of the band gap was wide, and the 

Young's modulus of the matrix had little effect on the band gap. The Young's modulus of 

the material mainly affected the upper boundary of the bandgap. The effect of the shear 

modulus of the scatterer and the matrix on the bandgap was small and could be negligible 

compared to the effect of the density and Young's modulus on the bandgap. Structural 

parameters mainly included lattice form, filling rate and scatterer shape. The lattice form 

took the triangular lattice and the square lattice, and it was concluded that only the lattice 

form was changed when the other parameters were determined, and the bandgap width of 

the triangular lattice was wider than that of the square lattice. The effect of the filling rate 

on the bandgap was that the bandgap width decreased as the filling rate increases. 

Moreover, The bandgap width became wider and increased to a certain extent. The 

thickness of the two-dimensional two-element phononic crystal plate had an impact on the 

band gap. That was to say, as the thickness of the plate increased, the band gap broadened 

in width, which provided theoretical guidance for the actual design of phononic crystals. 
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