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Abstract: Piezoelectric material converts the incoming gas wave into acoustic wave for sensing purposes. This
research article focusses on the MEMS based surface acoustic wave (SAW) device for gas sensing applications. A
key unresolved design in MEMS-based SAW gas sensors is which substrate offers the most suitable balance
between resonant-frequency behavior and electrically useful sensing response when the same device structure is
used. The SAW device with aluminum interdigitated electrodes (IDT) is covered up using polyisobutylene(PIB) film
mounted on a piezoelectric substrate. The PIB layer adsorbs volatile organic compounds (VOC) from air causing
shift in resonant frequency caused by underlying piezoelectric material. This causes variation in electrical
characteristics like electric field and electric potential which are important parameters connecting electromechanical
coupling efficiency. Nine different piezoelectric materials are analyzed for its electrical behaviour. It is observed that
LiNbO3, AIN, ZnO and BaTiOs resulted in good electric field and voltage levels at higher frequency resonance thus
proving them to be promising material for gas sensing applications.

Keywords: MEMS, SAW Device, Interdigitated Electrodes, Polyisobutylene, Piezoelectric, Electromechanical

Coupling Efficiency.

1. Introduction

Surface acoustic wave (SAW) is a kind of
acoustic wave that navigates through the surface of any
intermediate medium like solids, water thereby causing
them to vibrate. These waves are restricted within a
certain region of space where they make changes in
physical property that can be detected. The amplitude of
the SAW reduces exponentially with respect to distance
of propagation on a surface. SAW devices are those
which carries the SAW waves and used for detecting any
physical phenomenon.

The SAW device is usually a piezoelectric
substrate with interdigitated electrodes (IDTs) at the top
for attracting physical variables like temperature [1],
pressure [2], humidity [3], magnetic field [4], biomolecule
[5], chemical concentration [6], stress/strain [7],
acceleration [8], viscosity [9] and density [10].

There is a protective outer covering envelope
which protects the SAW device from external
environment. It is usually a thin film made using either
polymer or semiconducting layer. The fixed substrate is
a piezoelectric or piezoresistive or capacitive sensing
material that supports an acoustic wave propagation.

When a piezoelectric substrate is used, it converts the
mechanical acoustic waves into electrical waves or vice
versa. Such generated waves or electrical signals
depend on the physical properties of the substrate used.
The comb-shaped structures are the interdigitated
electrodes [11] that are embedded on the substrate. Its
role is to generate the SAW after it travels across the
substrate surface or to generate the surface acoustic
wave when an AC voltage is applied. The spacing,
number of such electrodes determine the resonant
frequency [12] and performance [13] of the SAW device.

MEMS SAW devices and sensors are a dynamic
area combining MEMS with acoustic wave propagation
to penetrate sensing devices that are highly versatile,
compact and sensitive. SAW sensors design, fabrication
and application are very vital in recent research due to
new material innovation [14], integration with fabrication
processes [15], easy wave propagation modeling [16],
enhanced sensing mechanisms [17], high temperature
and frequency stability [18] followed by multiphysics
integration [19].

The figure 1 shows the bar chart representing
the increase of the number of publications pertained to
SAW devices in science direct and springer journals.
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Figure 1. Publication trend in SAW device research

The advanced research work is attributed by the
growth in wireless communication as there is a huge
demand for reliable and small components to filter and
manage signals. SAW devices attracts consumer
electronic goods as they are tiny and affordable. It is
applied in medical sensors for detection of pathogens
and monitoring other health problems as SAW devices
are sensitive to physical, chemical and biological
changes. When traditional sensors fail to sense reliably
temperature, pressure, strain in harsh environment,
SAW sensors detect with good reliability.

2. Literature Review

The literature surrounding piezoelectric saw
device has evolved through several distinct phases,
leading to a diverse array of findings that are often
difficult to reconcile in narrative form alone. The table 1
synthesizes these key contributions, highlighting the
comparative strengths and limitations of the most
influential works in MEMS based SAW devices. In this it
is evidenced that SAW devices have diverse application
starting from high frequency acoustic wave generation to
microfluidics in medical problems. Although many
piezoelectric substrates are individually known for SAW
operation, substrate selection for gas sensing is still not
straightforward because material choice simultaneously
affects resonant frequency, electric field and electric
potential. As a result, designers often lack a clear basis
for deciding whether priority should be given to broad
high-field operation, higher frequency operation or
surface-potential generation under a common device
structure. The distinct contribution of the present work is
that it provides a single-framework comparison of nine
piezoelectric substrates under the same SAW device
configuration, allowing the electrical consequences of
substrate selection to be isolated more clearly.

2.1 Sensor Design and Model Description

The heart of the SAW device is the piezoelectric
layer whose thickness is 12 ym. When subjected to
external gas influence, this layer vibrates and creates

surface acoustic waves which travel along the surface. It
is indicated by the large orange section as shown in
figure 2.

The design and simulation are carried out in
COMSOL multiphysics software. The yellow rectangle at
the top represents the interdigitated transducer that are
made up of aluminum. Each electrode is 1 ym wide
whose role is to receive the SAW signals. The green
layer present at the top with thickness of 0.5 um
represents Polyisobutylene layer which is a sensitive
coating layer often used in SAW sensors for detecting
gases. The device total height is 12.5 ym and width is 4
um. The dimensions reflect the tiny scale of SAW
devices making them integrated with microscale
devices. The device is modelled and analysed using
finite element analysis.

The Polyisobutylene (PIB) is a synthetic polymer
formed using polymerization of isobutylene which is a
type of alkene [27]. It remains flexible at lower
temperature [28] and good stability against acids, ozone
and alkalis [29] with good dielectric properties [30]. They
are commonly used as tire inner liners and tubes in
automotive industry, as sensitive coating layer in gas
sensors like SAW and QCM (quartz crystal
microbalance), lubricants performing as viscosity
modifier in motor oils and also as biocompatible drug
delivery materials [31].

In this research work, PIB is used as a sensitive
layer that selectively absorbs gas molecules particularly
volatile organic compounds (VOCs) [32] The mechanism
through which PIB acts in SAW sensors is as follows:
PIB adsorbs target gas molecules from air which
increases mass of surface layer on SAW device. The
added mass causes change in velocity of the surface
acoustic wave (SAW). This causes further shift in
resonant frequency. The amount of frequency shift [33]
is proportional to the gas concentration. The
interdigitated electrodes chosen is aluminum due to its
excellent conductivity properties [34]. The adjacent
surroundings are set to be at room temperature 25°C
and at one atmospheric pressure.
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Table 1. Comparison of MEMS SAW device studies

Ref Structural Material Parameters Work done in Outcome Application
) framework used observed brief
[13] Four PVDF Resonant Bioinspired Simulation Microphone
interdigitated frequency, max. MEMS results suggest
electrodes sound pressure microphone is that designed
attached with designed and model
piezoelectric analyzed for suppressed
membrane various harmonics,
parameters increased narrow
band properties
[20] Film bulk AIN, ZnO, Surface FBAR is applied FEA analysis Acoustic
acoustic polyimide displacement, with radio suggests that the | wave sensor
resonator material frequency, frequency signal polyimide layer
(FBAR) electrodes impedance, at top and with thickness
on a Si- quality factor, bottom surfaces greater than or
substrate coupling resulting in equal to 9 um
coefficient standing wave at produces
certain confinement of
frequencies acoustic signal
[21] | One port SAW Langasite Displacement, SAW device High temperature | Temperature
resonator with 10 nm, strain, designed is increases the sensing
100 inter Titanium temperature, subjected to frequency drift
digitated adhesive frequency Vs temperature and reduces the
electrodes layer and strain variation with strain transfer
160 nm applied strain. ratio
platinum The parameters
layer were observed
with increasing
temperature
[22] SAW delay Wurtzite Debye The electro Performance of Acoustic
line of 240 uym YxAl1xN/ temperature acoustic the material is SAW
on a YxAl1xN sapphire density, sound properties of proved to be resonators
film with Pt velocities, bulk YxAl1xN based enhanced due to
finger pairs per shear & youngs SAW sensor is addition of
IDT modulus, experimented yittrium contents.
coupling factor This is due to
significant
enhancement of
coupling,
insertion loss and
quality factor
[23] | 1D linear array Si- Acoustic SAW sensing The proposed Microfluidics
consisting of 3 | substrates pressure surface is structure is an biomedical
HBARs (high (400 pm distribution at subjected to easy inexpensive application
overtone bulk thick, 500 sensing surface, longitudinal approach to
acoustic nm wide), output echo Vs acoustic waves manufacture
resonators) AIN stacked time, acoustic and parameters microchannel to
between impedance, bulk are observed. carry conductive
space where modulus liquids
material to
study is
placed
[24] U-type IDT Lithium Input voltage Vs SAW device The experimental | Micro fluidics
with electrode Niobate no load speed, initiated using results suggest
fingers shaped acoustic acoustic that the SAW
with letter U radiation radiation device initiated
(26.5x16) mm? propulsion propulsion (ARP) using ARP is
(mN), is investigated feasible to be
frequency, for various integrated
susceptance, analysis which
conductance. decides
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feasibility of
swimmer
propulsion
system with ARP
[25] Top and Glass X-ray diffraction | Proposed design The design of High
bottom IDTs substrate curve with of SAW device is SAW device frequency
(bilayer IDTs) | with PVDF- | intensity, current | fabricated and showed a acoustic
with TrFE co Vs voltage, tested for quality detection wave
piezoelectric polymer scattering frequency as a frequency as generation
layer material parameter Vs notion of high as 456 MHz.
mounted on a frequency increasing the Performance can
glass operating be improved by
substrate frequencies of incorporating
acoustic waves matrix with
PVDE- TrFE
[26] | Pair of straight LiNbOs3 (1 Cycle number IDT and FIDT Capable of Microfluidics
IDT and pair of mm thick) Vs lateral helps separation separating and for cancer
focused IDT in substrate displacement of tumour cells concentrating cell tumour
a microfluidic | with Al layer | (um), separation | from RBCs in a 94.2% of detection
channel 200 nm thick ratio (%) blood stream polysterene
electrodes interfaced with particles using
SAW microfluidic
channel with
diameter of 5 ym
Aluminum IDTs Polyisobutylene
e N
0.2 unT 0.5 um
R e e . e B S
& g = < 1um >
Piezoelectric
/ layer
12.5 pm
i |
i

f 4 um

Figure 2. Proposed SAW device schematic

The physics modules included in this research
work are solid mechanics and electrostatics. Solid
mechanics computes the acoustic wave motion inside
the substrate. The modeled SAW device is an
electromechanical device in which gas is sensed on the
active surface, causing a change in the piezoelectric
substrate response and resulting in an equivalent
potential variation. Thus, it combines solid mechanics
and electrostatics thereby coupling them through the
piezoelectric effect. As for as coupling assumptions are
concerned, the research work assumes
electromechanical coupling only in the LiINbO; substrate.
The substrate is the active piezoelectric medium, the PIB
layer is only a passive overlayer with mechanical and

dielectric properties and the electrodes are not treated
as piezoelectric at all. The second assumption is the 2D
plane-strain reduction. The SAW is generated in the
plane of the model and any variation out of plane is
assumed minimal. The third assumption is the unit-cell
periodicity. As practical IDTs have many repeated
fingers and each electrode is much longer than its width,
edge effects are neglected and thus the whole design is
replaced with a single periodic cell. The electrodes are
assumed to be equipotential because their electrical
conductivity is much higher than that of PIB and LiNbOs.
It imposes electrical boundary conditions on the
electrode outer boundaries. The left electrode is
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grounded, while the right electrode is assigned floating
potential with zero surface charge accumulation.

The bottom boundary of the substrate is given a
fixed constraint. The two vertical sides use periodic
condition in both solid mechanics and electrostatics so
that displacements and electric potential are continuous
from one side to the other. The SAW device model is
meshed with graded distribution of 25 elements with
element ratio 25 and reversed direction. This means the
mesh is much finer near the top surface and becomes
progressively coarser with depth because the
displacement is strongest near the surface and decays
into the bulk. Eigen frequency solver with parametric
sweep is used as the goal is to find resonance
frequencies and associated mode shapes. The resonant
mode identification method combines physics-based
preselection. After solving, the resonant modes are
identified by examining the eigenfrequencies and the
associated mode shapes.

The structural parameters and material
parameters of the SAW device is listed in table 2.

Table 2. Structural and material parameters of
the SAW device

Parameters Value
Air pressure 1 atm
Air temperature 250C
Concentration variation of 100-200 ppm
gas
Density of PIB 0.918 g/cm3
Thickness of PIB 0.5 um or 500
nm
Youngs modulus 10 GPa
Poissons ratio of PIB 0.48
Relative permittivity of PIB 2.2
Rayleigh wave velocity 3488 m/s

In this research work, gas sensing is
represented by adsorption-induced mass loading of the
PIB sensing film. The analyte concentration in air,
¢o(ppm), is converted into molar concentration using the
ideal gas law and the absorbed mass concentration in
PIB is then calculated as pg,s pig = KMc, where K’ is the
PIB/air partition coefficient, ‘M’ is the analyte molar mass
and ‘¢’ is the gas concentration in mol/m3[35]. This
density is introduced into the piezoelectric
eigenfrequency model and the sensing response is
quantified as the resulting resonance-frequency shift. In
the SAW device structure, only density is altered as the
quantity of VOC is changed from 100 to 200 ppm.

Figure 3 shows the 3D schematic of the
designed SAW device. The 3D model is obtained by
importing the 2D shape and executing extrude operation
and choosing the extrusion depth required. The material
domains and physics to the new 3D geometry is also
reassigned.

All substrate cases are simulated using the
same 2D periodic SAW unit-cell geometry with the same
electrical and mechanical boundary conditions. Thus,
the differences observed in the resonant-frequency and
electrical-response results arise from the adopted
substrate constitutive properties. The lower boundary of
the substrate is fixed while the vertical side boundaries
are assigned with periodic conditions for both solid
mechanics and electrostatics. The constitutive
behaviour of each substrate is defined using its elastic
stiffness matrix, piezoelectric coupling matrix, dielectric
permittivity tensor and density for each material
predefined in COMSOL.

3. Results and Discussion

3.1 Resonant Frequencies

The SAW devices have a piezoelectric substrate
that efficiently converts mechanical surface waves to
electrical signals at certain frequencies called resonant
frequency.

Polyisobutylene
layer

Aluminum
IDTs

Figure 3. 3D schematic of the SAW device
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This value depends upon the piezoelectric
material used, its mechanical and electrical properties.
Table-3 shows the resonant frequencies of the designed

SAW devices using nine different piezoelectric
materials.
The widest range is provided by AIN

piezoelectric material (378.2-1154.5) MHz that is
suitable for broadband applications. Quartz resulted in
higher frequency limit (upto 1027 MHz). The SAW device
based on BaTiOs, GaAs and PVDF all operate in narrow
high frequency range (850-900) MHz. LiNbO3 and PZT
provided almost similar resonant frequency
characteristics.

3.2 Surface Electric Field Characteristics

In a SAW device, the surface electric field
analysis is done in order to optimize and understand its
performance while executing the sensing and signal
processing operations. Analyzing the surface electric
field helps to visualize the electromechanical interaction
and thereby evaluating the energy conversion efficiency
[36] which helps to manage power, estimate the signal
to noise ratio which is a benchmark of improving overall
system performance and detection sensitivity. The
determination of the magnitude and distribution of
surface electric field helps to estimate wave velocity,
insertion loss and electromechanical coupling efficiency
[37]. This estimation helps to optimize electrode spacing
and geometry, determines electrical boundary
conditions.

The different piezoelectric material properties
can be analyzed by placing them on the piezoelectric
substrate layer. Simulation of surface electric field helps
to choose optimal piezoelectric material orientation for
the desired resonant frequencies and wave modes. This
analysis helps to identify the changes taking place at the

device level when surface loading or interaction with
gases.

Electric field analysis helps to identify of
impedance mismatches, reflection points and spurious
modes present as a result of surface discontinuities [38].

The table 4 shows the observed maximum and
minimum electric fields at resonant frequencies for
different piezoelectric SAW substrates. From the
analysis it is observed that GaAs and rochelle salt has
no electric response and are not viable to be used for
SAW devices at test conditions.

High electric fields are exhibited by PVDF, PZT,
Quartz and LiNbO3s demonstrating strong and stable
electric field generation capabilities. Furthermore, they
provide consistent performance across wide frequency
range with good field uniformity. BaTiOs exhibits erratic
behaviour revealing positive resonance anomalies and
simulation artifacts. LiNbO3 shows a stable performance
with few variations specifically at 750.06 MHz (4.35x10-
6 V/m). Most of the piezoelectric materials show
asymmetric maximum and minimum field values
indicating built in electric fields due to crystal orientation
[39], surface charge effects including field patterns.

The figure 4 shows the surface electric field
result of LiNbO3 at 962.47 MHz. It is observed that the
maximum electric field is 2.38x107° V/m and minimum
electric field result is 6.93x10-19 VV/m. The cross-sectional
view resembles both surface and bulk field distribution.
High field region shown in orange/red lies in the
electrode finger space and the field extends
approximately (2-3) ym into the substrate.

PVDF material even though being a polymer
showed excellent electric field making it suitable for
flexible SAW devices and sensors. Quartz showed
consistent electric field throughout its space
demonstrating broad frequency range.

Table 3. SAW device resonant frequencies

Material Resonant frequency (MHz)

LiNbO3 660.35, 750.64, 805.63, 942.76, 948.59, 962.47
Quartz 665.3, 850.85, 908.84, 913.66, 943.16, 1027
PVDF 867.19, 868.93, 872.18, 872.83, 873.23, 875.65

Aluminum Nitride

378.2,628.92, 693.05, 875.42, 1101.4, 1154.5

Rochelle salt

841.79, 841.81, 862.04, 863.84, 877.61, 891.94

Zinc oxide 783.15, 783.53, 843.45, 869.64, 870.24, 920.19

PZT 660.35, 750.64, 805.63, 942.76, 948.59, 962.47

GaAs 822.93, 822.95, 864.14, 865.52, 879.09, 892.87
BaTiOs 856.03, 856.24, 874.54, 874.74, 899.19, 899.3

Int. Res. J. Multidiscip. Technovation, 8(3) (2026) 422-438 | 427



Vol 8 Iss 3 Year 2026

S. Bestley Joe et al,, /2026

Table 4. Maximum and minimum electric fields in the SAW device

Material Resonant frequency (MHz) | Maximum electric field | Minimum electric field
378 3.09x104 V/m 2.99x10'2 V/m
628 2.99x104 V/m 2.19x103 V/m
Aluminium Nitride 693 2.56x10% V/m 3.06x10""" V/m
(AIN) 875 2.67x10% V/m 1.61x10-4 V/m
1101 2.21x104 V/m 2.57x108 V/m
1154 4.35x10% V/m 8.79x10" V/m
856.03 1.92x10% V/m 3.43x10° V/Im
856.24 2.27x10%° V/m 5.8x10"* V/m
Barium Titanate 874.54 1.02x10° V/m 7.3x1013 V/m
(BaTiO3) 874.74 5.03x10% V/m 1.26x108 V/m
899.1 2.06x10% V/m 1.08x10°5 V/m
899.3 2.05x10% V/m 1.29x10°10 V/m
822.93 0V/m 0 V/m
822.95 0 V/m 0 V/m
Gallium Arsenide 864.14 0V/m 0V/m
(GaAs) 865.52 0V/m 0V/m
879.09 0V/m 0V/m
892.87 0V/m 0V/m
660.35 2.31x104 V/m 1.33x10" V/m
750.06 4.35x10% V/m 3.05x10°19 V/m
Lithium Niobate 805 2.12x104 V/m 2.28x10'2V/m
(LINbO3) 942.76 7.82x105 V/m 3.12x10'2 V/m
948.59 2.1x104 V/m 3.02x10'2 V/m
962 2.38x10°V/m 6.93x10°19 V/m
867.19 9.77x10° V/m 1.13x10" V/m
868.93 8.17x10% V/m 9.64x106 V/m
Polyvinylidene fluoride 8721 8.55x10° V/Im 2.35x10-2 V/m
(PVDF) 872.8 6.57x10°V/m 2.66x108 V/m
873.23 5.58x105 V/m 7.96x10° V/m
875.65 5.58x105 V/m 7.96x10° V/im
660.35 2.31x104 V/m 1.33x10" V/m
750.64 4.35x10% V/m 3.05x10°19 V/m
Lead Zirconate 805.63 2.12x104 V/m 2.28x10'2V/m
Titanate (PZT) 942.76 7.82x105 V/m 3.12x10'2 V/m
948.59 2.1x104 V/m 3.02x10'2 V/m
962.47 2.38x10° V/m 6.93x10°19 V/m
665.3 7.78x10° V/m 1.38x1072 V/m
850.85 7.64x10° V/m 7.24x10"* V/m
Quartz 908.84 8.5x105 V/m 3.77x10°8 V/m
913.66 1.99x10° V/m 1.39x10°10 V/m
943.16 6.72x10° V/m 4.75x102 V/m
1027 7.46x10° V/m 3.31x10"* V/m
841.7 0V/m 0V/m
841.8 0V/m 0V/m
Rochelle salt 862.04 0V/m 0 V/m
863.84 0V/m 0 V/m
877.61 0V/m 0 V/m
891.94 0 V/m 0V/m
783.15 1.72x10° V/m 4.7x10° V/Im
783.53 2.21x10°V/m 8.51x108 V/m
Zn0 843.45 2.48x104 V/m 5.71x108 V/m
869.64 1.52x10% V/m 1.2x108 V/m
870.24 3.61x105 V/m 1.72x1012 V/m
920.19 6.28x10% V/m 4.95x10" V/m
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9001000
Y (My;

2)

1100

AIN

o Max E-field
A Min E-field

Electric Field (V/m)

Figure 5. 3D electric field vs. resonant frequency

The figure-5 shown above shows the 3D plot
showing the relationship between resonant frequency
(MHz) on x-axis, material on y-axis categorically
encoded and electric field on the z-axis. Red dots
indicate maximum electric field and it is evident that
LiINbO3, quartz, PZT and PVDF have strong electric field
generation at different frequency levels. Zinc oxide
material has medium values over wide frequency range
while minimum electric fields are exhibited by PVDF and
BaTiO3. Light blue triangles show weak coupling at
certain frequencies.

Above figure-6 shows the scatter plot of resonant
frequency versus maximum electric field for each
piezoelectric material used in the SAW device.
Aluminum nitride produced higher electric field at lower
and higher resonant frequencies while LiINbO3, Quartz
and PZT had similar strong electric fields clustering
around (800-950) MHz. ZnO shows moderate electric
fields across wide frequency span.
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Figure 6. Resonant frequency Vs maximum electric field response graph

3.3 Electric Potential Characteristics

In a surface acoustic wave (SAW) device using
piezoelectric material the estimation and analysis of
electric potential is crucial for understanding the device
performance and optimizing its characteristics [40]. The
electric potential distribution helps visualize how
effectively the electric field couples with the acoustic
wave in the piezoelectric substrate [41]. The electric
potential analysis helps to optimize IDT finger spacing,
the IDT finger geometry and the number of fingers [42].

Also, it is possible to identify different wave
modes like Rayleigh, sezawa [43]. The interaction of the
surface with external stimuli (gas) affects the wave
propagation. The electric potential distribution is directly
related with the SAW device sensitivity as it estimates
how surface perturbations affects signal response [44].
In this research work nine different piezoelectric
materials are taken and electric potential analysis is
done. The analysis helps to compare performance
guiding the selection of most suitable material for
specific frequency applications [45]. The analysis
indicate manufacturing defects, electrode misalignment
or any inhomogeneity in the substrate [46].

Thus, an electric potential analysis helps to
validate the design of a SAW device making it essential
for both simulation and experimental development of
SAW devices. + 5 shows the minimum and maximum
surface electric potential exhibited by the different
piezoelectric materials used in the designed SAW
device. From the observed values it is found that AIN,
ZnO and Quartz have consistent surface electric
potential of 1.31x10-"V while BaTiO3 and PZT have the
same level of voltage with some variations.

Symmetric potential distribution is seen in few of
the piezoelectric materials while others exhibit
asymmetric behaviour which can be due to built-in
electric fields, material domain orientations, crystal
structure anisotropy and surface charge accumulation
effects. An unusually zero surface potential exist in
rochelle salt and GaAs which are caused due to the
crystal structure changes due to environmental
conditions. The consistent value of 1.31x10-"* V suggest
that for the designed SAW device, this might represent
a fundamental limit which can be related due to mesh
resolution limits, standardized excitation conditions and
other parametric constraints.

Figure 7 shows the electric potential simulation
result of LiNbOs based piezoelectric SAW device at
805.6 MHz. The positive electric potential is indicated by
red while blue colored region indicates the negative
electric potential. The white/gray portion is the neutral or
near-zero potential. The two alternating prominent lobes
with peaks suggest the presence of strong electric field
concentration under the interdigitated transducer (IDT)
region. Below these regions the potential diminishes fast
indicating localization of wave energy.

Based on the consistency and high frequency
applications AIN can be preferred. Though PZT showed
consistent results with meager variations, they are used
for actuator applications. As PVDF has shown large
scale variability in surface potential, they are suitable for
flexible applications despite inconsistency. The
piezoelectric materials showing asymmetric surface
potential characteristics can require bias compensation
circuits [47] while frequency independent materials
specify broadband device design. The analysis reveals
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that most of the simulated piezoelectric materials show
similar maximum surface potential magnitudes. The
observed values shows that for SAW sensors with

increased sensitivity, LINbOs or PZT can be used while

Table 5. Maximum and minimum electric potential in the SAW device

PVDF has high variability within the SAW device
proximity which is suitable for flexible applications
despite inconsistency.

Material Resonant frequency (MHz) Maximum voltage Minimum Voltage
378 1.31x10-1"V -1.31x10"1V
628 1.31x10-""V -1.31x10"1V
- - 693 1.31x10-1"V -1.31x10"1V
Aluminium Nitride (AIN) 875 1311077V 1 31x10°77V
1101 1.31x10-1"V 1.31x10-"V
1154 -3.71x1014V 1.31x10-12V
856.03 1.31x10-1"V -1.13x10"1 Vv
856.24 1.31x10""V -1.13x10"1 VvV
, , , 874.54 1.31x101"V -1.31x10"1 VvV
Barium Titanate (BaTiOs) 874.74 131x101V 5.89x102 V
899.1 1.31x10-"V -1.31x10 "'V
899.3 1.31x10-""V -1.29x10"1 Vv
822.93 oV oV
822.95 oV oV
. . 864.14 oV oV
Gallium Arsenide (GaAs) 865.52 Y Y
879.09 oV oV
892.87 oV oV
660.35 1.31x10-"V -1.31x10"'V
750.06 1.31x10-"V oV
- . . 805 1.31x10-""V -1.31x10"'V
Lithium Niobate (LiNbOs) 942.76 1.31x101V 1.31x1017V
948.59 1.31x10-""V -2.99x10"12V
962 1.31x10-""V -2.99x10"12V
867.19 1.31x10-""V -1.31x10"1V
868.93 1.31x10-""V -1.26x10"1V
Polyvinylidene fluoride 872.1 1.31x10""V -1.31x10""V
(PVDF) 872.8 1.31x101"V -6.65x10 12V
873.23 1.31x101"V -1.31x10"1V
875.65 1.31x10-""V -8.74x10 12V
660.35 1.31x10-""V -1.31x10"V
750.64 1.31x10-""V -1.31x10"V
Lead Zirconate Titanate 805.63 1.32x101V -1.32x1011V
(PZT) 942.76 1.31x10°1V -1.31x1011V
948.59 1.31x10°1V -1.31x1011V
962.47 1.31x10-""V -2.99x10 12V
665.3 1.31x10-""V -1.86 x10-12V
850.85 1.31x10-"V -1.83x10"12V
Quartz 908.84 1.31x10-"V -1.31x10"'V
913.66 1.31x10-"V -5.57x1013V
943.16 1.31x10-"V -1.31x10"'V
1027 1.31x10-12V -1.77x10"V
841.7 oV oV
841.8 oV oV
862.04 oV oV
Rochelle salt 863 84 Y Y
877.61 oV oV
891.94 oV oV
783.15 1.31x10-""V -8.75x10 12V
ZnO 783.53 1.31x10-""V -1.31x1011V
843.45 1.32x10-1"V -1.32x1011V
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869.64 1.31x10""V -6.22x1012V
870.24 1.31x10-""V -1.31x10-""V
920.19 1.31x10-""V -2.54x10-14V

switch(1)=0 Eigenfrequency=8.0563E8 Hz

-5 101y

Surface: Electric potential (V)
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3 pm X102
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Figure 7. Electric potential of the LiNbO3-based SAW device at 805.6 MHz
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Figure 8. Maximum voltage vs. resonant frequency for different piezoelectric materials

From the (figure 8) graph-8 it is observed that
quartz SAW device provided a constant response but
produced a notable drop in surface electric potential at
higher frequencies. AIN indicated a surprisingly low
value at 1154 MHz resonant frequency that is due to
material non-linearity [48]. The inference from the plot is
that while frequency affects the output electric potential
to a certain extent, the material properties dominate the
generation of electric potential at the surface of the SAW
devices.

From the figure 9 bar chart representation, it is
evident that amongst the piezoelectric material used,
AIN, ZnO, LiNbOs and BaTiOs exhibit strong and
symmetric voltage (x 1.3x10'" V) which is a good
indicator of excellent piezoelectric property. PVDF and
ZnO exhibited slightly deeper minimum voltages that are
applied in applications desiring higher sensitivity.

The 3D chart illustrating maximum voltage
(blue) and minimum voltage (red) values with respect to
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resonant frequency (MHz) at X-axis and piezoelectric
materials at the Y-axis is shown in figure 10. From the
figure it is noticed that quartz and ZnO exhibited greater
variation between maximum and minimum, indicating
dynamic variation between maximum and minimum
indicating dynamic piezoelectric responses. PZT, PVDF,
LiNbOs and AIN exhibited constant maximum voltages.
It is also observed that there is a separation between
blue and red point pairs for each material that indicates

the voltage swing that is important for applications
requiring high signal output. To support the validity of the
simulated electrical results, the electric-potential and
electric-field distributions were compared with
representative recent SAW literature. LINbO; showed a
stronger non-zero electrical response than quartz, which
is consistent with reported electroacoustic coupling
trends in SAW devices [49, 50].

le-11
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Figure 9. Bar chart representing maximum and minimum voltages
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Figure 10. 3D plot of electric potential, resonant frequency response of SAW device
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ZnO likewise exhibited non-zero mode-
dependent electrical distributions, in agreement with
published acoustoelectric FEM studies of Rayleigh and
Sezawa waves [51]. AIN also demonstrated an
electrically active response consistent with reported AIN-
based SAW resonator behavior [52].

4. Key Inferences and Impact

The present results indicate that substrate
selection produces distinct operating regimes even
when the same SAW geometry and boundary conditions
are maintained. In the current configuration, LiNbO,
PZT, PVDF and quartz behave as broad response
substrates because they retain non-zero electric fields
across relatively wide resonant-frequency ranges. By
contrast, ZnO, BaTiO; and AIN shift the response toward
comparatively higher-frequency operation, although with
greater variation in field magnitude between modes.

GaAs and Rochelle salt yield zero electric field
and zero electric potential in the present model and are
therefore not promising for surface-potential generation
in this device configuration. These findings are
consistent with earlier SAW gas-sensor studies, but
extend them to a broader materials framework. Moustafa
et al. compared ZnO and LiNbO; substrates for a PIB-
coated DCM SAW gas sensor and reported substrate-
dependent resonance behavior [53]. The present work
extends that idea by comparing nine piezoelectric
materials under one common model structure. Similarly,
recent studies have typically focused on optimizing a
single substrate platform, such as LiNbO;-based VOC
SAW sensing [54] or AIN/diamond/Si multilayer SAW
gas sensing [55], whereas the present study
emphasizes the earlier design-stage question of
substrate selection itself.

The present results also complement recent
modeling and review studies that emphasize parameter
sensitivity, resonator integration, and sensor application
scope [56-58]. In this sense, the present work
contributes a practical material-screening step that can
guide later optimization of coating thickness, circuit
interfacing, uncertainty analysis, and fabrication
strategy.

5. Conclusion

Surface acoustic wave (SAW) device using nine
different piezoelectric materials for gas sensing
application is designed and investigated for its electrical
characteristics like electric field and electric potential at
different resonant frequency values. As far as electric
field is concerned, piezoelectric materials LiINbO3, PZT,
PVDF and Quartz exhibited high electric fields with good
resonant frequency response which indicates high
sensitivity over a wide frequency range compatibility.
Also, from the results it is observed that ZnO, BaTiOs

and AIN has moderate electric fields but at high
frequency applications. Both electric field and electric
potential observations for rochelle salt and GaAs
resulted in zero values likely due to weak piezoelectric
coupling for gas input. This infers that they are not
suitable for surface potential generation. The simulated
resonant frequencies span about 378.2-1154.5 MHz
with AIN showing the highest reported resonance
(1154.5 MHz), while LiNbO5/PZT cover 660.35-962.47
MHz, quartz covers 665.3—1027 MHz, and ZnO covers
783.15-920.19 MHz. Symmetric voltage responses are
observed in many of the materials showing strong
electrical oscillations primarily caused by mechanical
displacement of the surface when subjected to gas. The
presented work will contribute to a significant extent for
the future development of optimal design of piezoelectric
SAW device for gas sensing applications.
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