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This paper has proposed a weighted waveguide for surface acoustic waves (SAW) based on two-dimensional piezoelectric
phononic crystals (PnCs). In order to analyze the transmission of the weighted waveguide based on PnCs, SAW delay line
model was built. In the model, period boundary condition was adopted to reduce the time and memory of model cost and
perfect matching layer was adopted to absorb the reflection of the waves. Three-dimensional finite element method (FEM)
was used to calculate the transmission coefficients and analyze the acoustic field distribution. Results showed that the band
gaps and band passes are separated in the x and y direction. Thus the weighted waveguide can prohibit the waves in one
direction while permit the waves in another direction. This property of weighted waveguide can be used in the SAW

devices in the future study.

Keywords: Phononic crystal; Piezoelectric; Weighted waveguide; Surface acoustic waves

1. INTRODUCTION

Phononic crystals [1] (PnCs) composed of periodic
elastic materials have been proved to have a property of
band gaps. With the unique properties, PnCs have
potential in applications such as elastic filters [2],
couplers [3], resonators [4] and waveguides [5]. Much
research has been conducted with the bulk acoustic
waves (BAW) waveguides based on the two-dimensional
(2D) PnCs. The designs include straight waveguides with
various widths [5], waveguides with stubs [6], a
waveguide with hollow cylinders [7] and a coupler of
joined parallel waveguides. In contrast, study of
waveguides based on PnCs for surface acoustic waves
(SAW) has had less progress. Tananka and Tamura
analyzed the surface and surface-guided waves in
phononic crystals lattices [8] in 2007. Jia-hong Sun and
Tsung-tsong Wu [9] proposed a sharply bent waveguide
base on 2D PnCs in 2006. However most of the
waveguides are based on the defect PnCs, and neither of
investigations on other SAW waveguides are studied.

Since  one-dimensional =~ PnCs, interdigital
transducers (IDTs), have been studied for many years,
many weighted IDTs such as apodized, withdraw, width
and series of weighted IDTs [10], appeared to obtain
specified response through different weighting shape in
one dimension. However, 2D PnCs which can be
weighted in two dimension, are not reported to be used
for weighted waveguides.

This paper proposed a weighted SAW waveguide
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structure based on 2D piezoelectric PnCs without
introducing defect. The weighting function of waveguide
was achieved through different lattice constants in the x
and y direction. To analyze this waveguide a SAW delay
line model was introduced. For an example, the
piezoelectric PnCs consisted of Cuprum (Cu) stubs on
the 128°YXLiNbO3 substrate was adopted for weighted
SAW waveguide, and the transmission coefficients and
acoustic field distribution of this weighted waveguide
was calculated using the above model..

2. ANALYSIS OF THE WEIGHTED SAW

WAVEGUIDE

The band gaps and band passes of 2D piezoelectric PnCs
are most related to its lattice constants. With different
lattice constants in the x and y direction, band gaps and
band passes in the x and y direction will be separated,
from which the frequency band of prohibiting the waves
in one direction while permitting the waves in another
direction will be found so that the weighted SAW
waveguide can be realized.

In order to analyze the character of the above
weighted SAW waveguide, a SAW delay line model was
first introduced to calculate its transmission coefficients,
through whichband passes and band gaps with different
lattice constants can be calculated. In the model, the
acoustic field distribution of the weighted waveguides
can also be extracted.



2014 Symposium on Piezoelectricity, Acoustic Waves, and Device Applications, Oct. 30-Nov.2, Beijing, CHINA

2.1 Model for analysis of 2D piezoelectricPnCs

Three-dimensional (3D) finite element method (FEM)
was adopted in the calculating model to analyze. In order
to calculate the transmission of the PnCs, SAW delay
line structure model was built as shown in the Figurel. In
the model, four pairs of emitting and receiving
interdigital transducers (IDTs) were introduced to emit
and receive the Rayleigh SAW and the 2D piezoelectric
PnCs were on the transmitting path.

Figurel. The SAW delay line model for calculation

For the piezoelectric materials of substrate, the
piezoelectric constitutive equation exits as following:

D=g&-E+e:S (1)

For the elastic materials, the Newton motion
equation was as formula (2):
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Then the coupling wave equation for piezoelectric
substrate can be obtained by combing the equation (1)
and equation (2) without external force and electrical
fields:
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In the model, perfect match layer (PML) was
adopted in the direction of wave propagation to absorb
the reflection of the wave. In the PML area, high lossy
media was introduced in which the waves can quickly
decay. Therefore, with finite thickness of the PML layer,
the wave can be completely absorbed without reflection
in the boundary areas. In practice, the attenuation factor
of the PML is usually expressed by the following
expression [11]:
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Periodic boundary condition (PBC) shown in
formula (5) was adopted in the direction perpendicular to
the wave propagation to reduce the time and memory:

q) |y:0: (I) |y:b (5)

Where the @ denotes all the field value which satisfies
the Bloch periodic theorem, including the displacement u,
the stress T and the strain S ; b is the period of 2D
piezoelectric PCs in the y direction.

On the upper surface of the piezoelectric substrate,
except for the area of the IDT and metal stubs, free
surface boundary conditions were adopted as following:

T |z:0 = O

i (6)

In the model, two interdigital transducers (IDT)
were used as the emitter and the receiver for wave signal.
With the FEM commercial software COMSOL
Multiphysics and post-processing using Matlab to
analyze the above model, transmission coefficients of the
PnCs can be obtained.

2.2 Results of the transmission coefficients

Using the above method, transmission of SAW in the x
and y direction were respectively analyzed both with
common 2D PnCs and the weighted waveguide 2D PnCs.
As an example, the Cu/128°YXLiNbO3 PnCs were
adopted.

Transmission of common PnCs
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Figure 2. The transmission coefficients of PnCs with

the ratio of 1.

For the common 2D PnCs, the lattice constant ratio
of x direction and y direction is 1. The transmission
coefficients of this structure was calculated and its results
were shown in the Figure2. From this figure, it can be
seen that in the frequency from 260MHz to 355MHz
band gap existed both in the x direction and in the y
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different lattice constant ratio for the Cu/128°YXLiNbO;
PnCs were calculated, which results are listed as the
table 1.

direction.

In order to find the weighted waveguide for
prohibiting wave in one direction and permitting wave in
another direction, the transmissions coefficients of

Table 1. Results of the transmission for the different lattice constant ratio.

b/a(lattice constant ratio in the x direction and in the o
L Band gaps distribution
y direction)

1 260-355MHz: Band gap both in the x direction and in the y direction

2 290-310MHz: Band pass in the x direction but band gap in the y direction
3 260-320MHz: Band pass in the x direction but band gap in the y direction
5 260-315MHz: Band pass in the x direction but band gap in the y direction

From the table 1, it can be seen that when the ratio
of the lattice constant in the x direction and in the y
direction is changing from 1 to 5, band pass and band
gap separates in these two directions. As shown in the
table 1, when b/a equals 1 band gap exists both in the x
direction and in the y direction in the frequency range of
260-355MHz. When the b/a equals 2, band pass exists in
the x direction while band gap exists in the y direction in
the frequency range of 290-310MHz. When the b/a
equals 3, band pass exists in the x direction while band
gap exists in the y direction in the frequency range from
260MHz to 320MHz. When the b/a equals 5, band pass
exists in the x direction while band gap exists in the y
direction in the frequency range of 260-315MHz. Thus
when the lattice constant in these two directions are not
equal, it can be found that the frequency band exists with
prohibiting the waves in one direction while permitting
the waves in another direction, which can be used for the
weighted waveguide. . Figure3 shows the transmission
coefficients of weighted waveguide based on 2D
piezoelectric PnCs with the lattice constant ratio of 5.

Transmission of weighted waveguide PnCs
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Figure 3. The transmission coefficients of PnCs with the ratio of 5
2.3 Results of the acoustic field distribution

In order to further analyze the properties of the weighted
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waveguide based on 2D piezoelectric PnCs structure,
acoustic fields in the x direction at 300MHz of the
common PnCs and the weighted waveguide PnCs were
respectively extracted as shown in the Figure 4 and
Figure 5. From these figures, it can be seen that in the x
direction the wave was prohibited by the common PnCs
while it was permitted by the weighted waveguide PnCs.
Moreover the acoustic field on the surface at 300MHz in
the y direction was extracted as shown in the Figure6 and
Figure7. Comparing these figures, it can be seen that at
300MHz where band pass existed in the x direction of
weighted waveguide, most energy has passed through the
PnCs while band gap existed in the y direction of
weighted waveguide, the energy is reflected by the PnCs.

From the acoustic field distribution analysis, it can
be concluded that the weighted waveguide proposed in
this paper based on 2D piezoelectric PnCs with different
lattice constant in the x direction and the y direction can
achieve prohibiting the waves in one direction while
permitting the waves in another direction.

Figure 4. The acoustic field in the x direction at
300MHz when b/a is 1.

Figure 5. The acoustic field in the x direction at
300MHz when b/a is 5.
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Figure 6. The acoustic field in the y direction at
300MHz when b/a is 1.

ooy oo ow

Figure 7. The acoustic field in the y direction at
300MHz when b/a is 5.

3. DISCUSSION AND CONCLUSIONS

Comparing the transmission of common PnCs and the
weighted waveguide, it is shown that the weighted
waveguide with altering the lattice constant ratio can be
used as the waveguides which prohibits the waves in one
direction while permits the waves in another direction.
The distributions of the acoustic field was also extracted
to confirm the SAW waveguides.

This paper also proposed a model to analyze the
weighted waveguide and to calculate the transmission
coefficients of this weighted waveguide, which is useful
for designing 2D piezoelectric PnCs in the SAW devices
such as resonators and sensors. Also experiments are

awaited for this structure to verify the theoretical results.
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