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Abstract: This study concerns 2D and 3D Finite Element Method (FEM) simulation of surface
acoustic wave (SAW) sensors using COMSOL Multiphysics software. SAW device has been
designed on piezoelectric substrate; 36° rot lithium tantalate (LiTaOz3). Simulations were made on
well-known structure to ensure the concordance between 2D and 3D models, and to define a 2D
one that can account for and predict the electrical behaviour of SAW transducers for the future
optimizations. The results show good agreement between numerical simulation and experimental
S21 spectra. Accordingly, we can use the 2D built model for simulations intended to optimize the
structure of devices, mainly for increasing their sensitivity.
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1. Introduction

Modeling is of primary interest in many areas.
It allows suitable optimization of components or
structures before the realization steps, offering
thus a substantial gain in both time and money.
The field of sensors, and particularly Surface
Acoustic Wave ones, is mostly concerned. Indeed,
SAW devices can be found in wide domains,
including physical sensors (temperature, pressure,
torque, strain...) chem- and Dbio-sensors
(insecticides, pollutants, proteins, biomarkers...),
electronics, telecommunication, signal processing
(filtering, modulation, RFID...).

The main quality of SAW sensors is their
versatility, as they can function in either liquid or
gaseous environments, for the detection of various
analytes, such as DNA or analogues [1-2],
antibodies/antigens [3], gases [4], pesticides [5],
heavy metals [6], etc. Moreover, detection of

chemical or biological entities can be done in real
time and without labeling. Compared to other
chemical and biological sensors, the SAW ones
are highly sensitive and can achieve very low
limits of detection [7-8], which explains the fact
that they are still the subject of constant
development. Therefore, simulation becomes a
powerful tool to efficiently accompany these
developments, to design optimized structure for
applications were highly sensitive devices are
needed. In this paper, we present a comparison
between the numerical simulation and
experimental results concerning a delay-line
structure. This will permit us to define a model
that can account for and predict the electrical
behavior of any SAW transducers for the future
optimizations.
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2. Results and Discussion

3D Finite Element Method (FEM) simulation
was considered to simulate the physical and
electrical behavior of SAW delay-line, using
COMSOL software. The frequency response is
obtained by considering the Delta-Function model
whose equations are implemented in COMSOL.
The key required parameter is the SAW velocity,
that defined the delay-line operating frequency.

The simulations are run from 80 MHz to
200 MHz with a frequency step of 1 MHz.
Calculated and experimental frequency responses
(S21 spectra) are plotted in Fig. 1a and Fig.1lb
respectively. Numerical simulation results show
that the delay-line operates around 104 MHz as
expected, but the maximum gain value (-55 dB) is
lower than the experimental one (-18 dB). This is
due to the fact that only 2 pairs of double fingers
for both input and output interdigital transducers
(IDTs) were used with COMSOL Multiphysics,
while the real SAW device is constituted of 30

pairs fingers for each IDT. The chief benefit of
simulations being the time saving, it was not
possible to model a 3D response with 30 pairs of
fingers, the calculation being very long, without
guarantee of calculus convergence. Therefore, we
redone 2D and 3D calculations on 2 and 3 pairs of
fingers to make sure that the obtained results were
comparable. Once ensured of results concordance,
we simulated a 2D structure with 30 pairs of
fingers. The results of the calculations, which
lasted only few hours, are shown in Fig. 1.c. S21
spectra presents a comparable shape as
experimental one: the characteristic frequency of
SAW is clearly identified (with an insertion loss
of -21 dB). Moreover, calculation equally account
for fast volume waves around 140 MHz. Based on
this calculation approach, several optimized
structures will be tested before to manufacture
new SAW sensors, sensitive enough to perform
chemical and biological applications.

80 %0 100 10 120 130 140 150 160 170 180 190
Frequency (MHz)

=30

r [dB)
&

b
S
T

$21 paramete!
b
&
T

-50

S

80 90 100 110 120 130

Frequency [MHz]

Figure 1. (a) Calculated S21 spectrum (3D model, 2 pairs of fingers for input and output
IDTs); (b) experimental S21 spectrum; (c) Calculated S21 spectrum (2D model, 30 pairs of
fingers for input and output IDTSs).
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3. Materials and Methods

A SAW delay line was designed on 36°LiTaOs Extra fine triangle elements and a swept mesh
piezoelectric substrate. Two IDTs were patterned  with a distribution are used for meshing the
in Cr/Au (20 nm/80 nm) layers with the same  geometry of our SAW delay Line. The meshed
periodicity of A = 40 pum (i.e. corresponding  model is shown in Figure 3.
frequency of 104 MHz). The width of each finger
is equal to 5 um [9]. A metallized Cr/Au (20
nm/80 nm) sensing area of 80 um length separates
the input and output IDTs (Fig.2).

AN

Figure 2. SAW sensor geometry.

Figure 3. Mesh for simulation.

4. Conclusions

In this work, we have used COMSOL Multiphysics software to design and optimize the geometry of
a SAW delay-line, and to determine its frequency response (S21 spectra). We have shown that 2D
calculation can be used instead of 3D one without any information loss, leading to an important time
saving. We observed a good correlation between 2D simulation and experimental results. This is of
importance as it permits to envisage modelling of any structure before realization steps. This pad the
way for new optimized designs of sensors, including adjunction of suitable materials between input and
output IDTs, to confine the SAW energy close to the surface, enhancing thus their sensitivity.
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