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Abstract:

Phononic crystals are made with periodic distributions of components embedded in a matrix with high contrast in
mechanical properties. Destructive interference of several scattered waves leads to the appearance of the most
prominent characteristic of phononic crystals, namely the phononic band gap. Using these crystals and creating defects
in its periodicity, these crystals can be used in various applications such as filters, lenses, waveguides, demultiplexers,
sensors, etc. In this study, we present two 2D phononic crystals with square and triangular lattices of water cylinders in
mercury. To simulate the proposed devices, plane wave expansion method and finite element method in Comsol
multiphysics software are used. The resonant frequencies of the proposed 1x4 demultiplexer with square lattice are
66.09, 68.23, 70.27 and 72.49 KHz. In this structure the mean of quality factors is 3042, the minimum crosstalk is -42
dB, and the dimensions of the structure is 218x118. The resonant frequencies of the second proposed 1x4 demultiplexer
with triangular lattice are 75.69, 74.98, 74.26 and 73.57 KHz. In this structure the mean quality factor is 6326, the
minimum crosstalk is -34 dB, and the dimensions of the structure is 103%297. Both proposed structures are superior in
terms of dimensions, ease of construction and performance parameters.
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1. Motivation of the work

It is expected that phononic crystals will be used in
applications such as wireless communication, sensors,
audio signal processing and ultrasound imaging in the
near future. The increase in the use of devices based on
phononic crystals in recent years and the acceleration of
research and experiments in this field is a proof of the
importance of parts based on these structures. Due to the
increasing spread of sound and mechanical waves in the
daily life environment, the need to control these types of
waves is becoming more important. In this work, two
high performances four channel acoustic demultiplexers,
one implemented in a triangular phononic crystal
structure and the other implemented in square phononic
crystal structure, are proposed and investigated
numerically using finite element method.

2. Contributions

In this research, for the first time, using a triangular
phononic crystal structure, a 1x4 acoustic demultiplexer
design is presented and its performance is investigated in
comparison with other researches. The use of this type of
demultiplexer compared to the square lattice based
structure leads to similar results.

3. Procedures

For the design of the proposed four-channel acoustic
demultiplexers, a fluid-fluid phononic crystal consisting
of water cylinders on a mercury bed has been used. By
removing a row of cylinders of the triangular (or square)
phononic crystal structure (as a linear defect), the
phononic waveguides are created to guide the acoustic
waves. By changing the filler material of the specified
cylinders from water to ENE, and changing the radius of
these cavities, four resonant cavities are implemented.
Based on the simulation results, the acoustic band gaps of
square and triangular lattices are 43 to 118 kHz, and 56 to
93 kHz, respectively. By applying a Gaussian acoustic
pulse to the input of the structure, the value of the
normalized transmission spectrum can be calculated in
each of the output ports. The simulations show that in
square lattice based demultiplexer four channels with
frequencies of 66.09, 68.23, 70.27 and 72.49 KHz are
separated and directed to the output ports. These values
in triangular lattice based demultiplexer are 75.69, 74.98,
74.26 and 73.57 KHz. Simulation results (which is done
by Comsol software) show the proposed devices have
superior characteristics such as high transmittance in the
output channels, very high quality factors and low
amount of crosstalk.

4. Findings
In square lattice based 1x4 demultiplexer the mean of

quality factors is 3042, the minimum crosstalk is -42 dB,
and the dimensions of the structure is 218%118. The

resonant frequencies of the second proposed 1x4
demultiplexer with triangular lattice are 75.69, 74.98,
74.26 and 73.57 KHz. In this structure the mean quality
factor is 6326, the minimum crosstalk is -34 dB, and the
dimensions of the structure is 103%297. Both proposed
structures are superior in terms of dimensions, ease of
construction and performance parameters.

5. Conclusion

In this study, two 1x4 acoustic demultiplexers were
designed and simulated using two-dimensional liquid-
liquid phononic crystals, one with a square lattice and the
other with a triangular lattice. The results show that the
use of a triangular lattice, like the square lattice, leads to
good wave separation (acceptable crosstalk and high
quality factors in the transmitted spectra). The proposed
demultiplexer with a triangular lattice has an average
transmission of 66%, an average quality factor of 6326,
and a crosstalk of -34 dB (these values in the square
lattice-based demultiplexer are 74%, 3042, and -42 dB,
respectively). Considering the obtained performance
characteristics, the proposed devices can be well used in
applications  such as  implementing  acoustic
demultiplexers.
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