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Abstract — The paper aims to design and simulate a
MEMS based surface acoustic waves (SAW) gas sensor for
nitric oxides and methane detection. The main advantage of
SAW sensors is they have good power management and so
could be used in Internet of Things applications. Four
different designs for a SAW sensor were simulated using
Quanscient Allsolve Multiphysics software. Three of these
designs yielded results that were satisfactory, which will lead
to their fabrication. The gas sensor was designed for wide
frequency range of 50 MHz to 250 MHz. Each gas a particular
frequency for detection. Here the authors have tried to
understand the method to design and simulate for different
types of ITDs for different gases by changing the IDT
dimensions and types. It has been found that the focused IDTs
are not suitable for sensing as compared to conventional,
Dummy electrode and Apodized type of IDT.

Keywords: Surface Acoustic Wave, MEMS, Gas sensor,
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1. INTRODUCTION

Gas sensing has taken on a greater importance in the last
few decades as climate change has become one of the
defining challenges of our time. Reliable ways to monitor
greenhouse gases and gather data are vital so that these issues
can be understood and, hopefully, resolved.

One of the first approaches for gas to be used was
monitoring the change in behaviour of Canaries, a type of
bird, in the presence of malicious gases in mines and tunnels.
The bird would stop singing and die after a period time if
exposed to certain toxic gases.

The first modern gas sensor was developed in 1927.
Dr.Oliver Johnson invented the catalytic combustion sensor
which was able to detect combustible gas mixtures in the air
to prevent unplanned explosions. The combustible gases react
with a sensing layer inside the sensor which heats up an
electrode, increasing its resistance, allowing a relationship to
form between resistance and concentration of the gas.
However, this required a manual push of a button every time
someone wanted to monitor the gas and the detector weighed
over 5 kilograms. A lot of progress has been made since,
including the miniaturisation and automation of the gas
sensors. Nowadays, gas sensing technologies are hitting the
micrometre scale and are becoming highly sensitive to a
multitude of gases.
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Figure 1. Surface Acoustic Wave moving through a material [1].

Surface Acoustic Waves (SAWSs) are waves that travel
along the surface of a material. First theorised in 1885 by
Lord Rayleigh, these waves cause the particles at the surface
a material to move in an elliptical motion (Figure. 1). This
creates a sinusoidal wave that propagates along the surface.
The amplitude of these waves’ decays exponentially into the
materials, which causes these waves to only reach around one
wavelength in depth. These waves cause strain within the
material as they travel. If these waves travel through a
piezoelectric material, they can be used to create an electric
charge.

SAW gas sensors use mechanical waves to detect the
change in mass of a sensing layer that is sensitive to the target
gas. An Interdigitated Transducer (IDT) generates the SAW
which travels through a piezoelectric substrate, underneath a
sensing film, and this is read using another IDT at the other
end of the sensor. The change in mass due to target gas
deposition causes a shift in SAW frequency which is how the
concentration of the target gas can be measured. This is
expressed in the equation below [2].

kAmfo?
A

Af = :
where Af is the change in frequency, k is the spring constant
of the sensing layer, Am is the change in mass, fo is the
resonant frequency, and A is the area of the active surface of
the sensing layer.

These sensors have high selectivity, they can also be
easily integrated into WSNs (Wireless Sensor Networks), as
“smart sensors” which can collect and process data before
sending out to the wider network. SAW sensors are also able
to detect biological cells, such as cancer cells or enzymes,
depending on the sensing layer.

The aim of this work is to design and simulate a MEMS
based gas sensor using Surface Acoustic Waves (SAW) that
can accurately measure a target gas. Four different IDTs
configurations have been designed and simulated. The two
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target gases that the sensor was configured for are nitric
oxides and methane.

2. METHODS AND PROCEDURES

2.1. Design

The IDT designs of this sensor were based off previous
research as seen in literature [3]. The frequency of the
generated SAWSs should be at the resonant frequency, so to
obtain the highest amplitude of the SAW, and thus the highest
admittance which increases sensitivity. The specific resonant
frequency is chosen based on the sensing layer. As the
sensing layer is not being developed within this paper a range
of 50 MHz to 250 MHz was targeted for the resonant
frequency. This range of frequency was targeted based on
previous work and literature survey [4][5]

The dimensions of the IDT were calculated based upon
the desired wavelength of the generated SAWSs. The
calculation uses the speed of sound within the substrate and
the target resonant frequency. The material chosen for the
IDTs of the sensor was as aluminium as it has the best phase
velocity for SAW as it is a less dense metal. Lithium Niobate
was chosen as the piezoelectric substrate due to its high
piezoelectric coefficient, which improves the sensitivity and
selectivity of the sensor.

The four IDT designs covered in this work are seen below:
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Figure 2. Dimensions of conventional IDT configuration [2].

This IDT design consists of two interlocking sets of
electrodes. One set is positively charged with an AC signal,
the other is ground. The width of the IDT fingers and the gap
between is the same, set at /4, where A is the wave length of
SAW. This is optimal for the creation of the desired resonant
frequency. As can be seen in Figure. 2, the length of the IDT
fingers is designed to be in range of 50A - 75\. The distance
between the two IDTSs should be set within 150 - 200.
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Figure 3. Dummy Electrode IDT configuration.

The dimensions of the dummy electrode IDT are very similar
to the conventional configuration. The difference with these
two designs is that a small IDT finger is placed opposite to
another IDT finger with an opposite charge. The length of this
smaller finger is A/4. This design has been seen to reduce
noise and spurious modes within previously fabricated SAW
devices (Figure. 3).

Apodized

Figure 4. Apodized IDT configuration.

This design also has similar dimensions to the conventional
configuration, but length of the IDT fingers changes
throughout the design. Each finger gets 2\ longer the closer
itis to the centre of the IDT. This design is pictured in Figure.
4. This design has also been seen to reduce spurious modes
within the system, in turn, increasing the sensitivity of the
sensor [6].

Focused Electrodes Configuration

Figure 5. Focused IDT configuration.

The focused electrode configuration was the last design
explored in this work. This design has IDT fingers in
concentric circles on the substrate to create an extremely
focused SAW in the centre of the design, as seen in Figure. 5.
This design is mainly used for microfluidic manipulation,
projecting individual droplets of a certain fluid [3].

2.2.  Simulation

To simulate these designs, Quanscient Allsolve
Multiphysics software was used. It is a FEA multiphysics
software which utilizes cloud computing to perform its
simulations. These four designs were created in the software,
with the different material properties and physics conditions
applied to them.

A Multiharmonic simulation was then conducted which
calculated the resonant frequency and analysed the harmonics
of the generated SAW. This was then used to calculate the
desired outputs of the simulation, i.e. impedance, admittance,
maximum displacement.

A range of frequencies was tested on each design to locate
the resonant frequency of each design. Ideally, each design



will observe a resonant frequency at the frequency that the
dimensions of the IDTs designed for, but the geometry and
material properties will affect the SAW and shift the resonant
frequency. Observing a resonant frequency within the range
50 MHz to 250 MHz is desired.

At first, broad frequency ranges are tested on the designs
to understand which frequencies are showing increased
activity. Then, a finer frequency range is tested on the designs
to pinpoint the exact resonant frequency of the sensor. Due to
the limitations of the software, the bandwidth of the
resonance frequency is idealistic as the software does not take
damping or loss into account currently.

3. RESULTS AND DISCUSSION

The output from these simulations comes in the form of
an admittance plot, with the Y-axis displaying admittance in
dB and the X-axis displaying frequency. A tall, sharp peak is
the signifier for the resonance frequency of the sensor. The
anti-resonance frequency should also be observed after the
resonance frequency. This is important to observe as it allows
for an evaluation of the performance of the sensor.
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Figure 6. Conventional IDT (a) geometry and (b) admittance plot.

The conventional IDT gave a resonance frequency of
145.1 MHz as can be seen in Figure. 6 (b). As the plot has a
logarithmic scale, this resonance peak is very pronounced.
This resonant frequency falls within the desired range. An
anti-resonance frequency can also be seen at 145.25 MHz.
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Figure 7. Dummy Electrode IDT (a) geometry and (b) admittance
plot.

This design gave clear peaks at both the resonance and
antiresonance frequency. The resonance frequency can be
seen at 129.6 MHz, and the antiresonance at 131.8 MHz
(Figure. 7 (b)). This is within the desired range and is giving
quite strong admittance at the resonant frequency.
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Figure 8. Apodized IDT (a) geometry and (b) admittance plot.

A clear resonance frequency can be seen at 270.75 MHz,
and an antiresonance frequency at 271.6 MHz (Figure. 8 (b)).
This is outside the frequency range that is desired, but the
dimensions of the IDT can easily be changed to generate the
resonance frequency within the desired range. This design is
still considered a success as the resonance frequency was
successfully found.
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Figure 9. Focused IDT configuration (a) geometry and (b)
admittance plot.

The results from this design were not as desired as the
resonance frequency and antiresonance frequency could not
be resolved due to the noise and interference (Figure. 9 (b)).
These types of IDTs are not found useful for sensing but
could be used for SAW streaming applications.

4. CONCLUSIONS

Each of the designs were simulated successfully, with
three of the design showing clear resonance frequencies.
Though the apodized IDT showed a resonance frequency
outside the desired range, its results are still positive.

The three successful designs will be fabricated as future
work. They will then be tested so that further complexity and
accuracy can be added to the simulations.

Several improvements can be made, these would be to
modify the design dimensions to improve the performance of
the sensor to detect the gas by resonating at the required
frequency. The designs in this work will be further optimised
to improve selectivity. The number of IDT fingers has an
effect on the performance, as does the distance between the
IDTs and the length of the fingers. A parameter sweep can be
simulated in the software easily by adding in a sweep function

into the simulation, which would test each dimension in a
given range and step size. Another improvement to the
simulation would be to include environmental conditions to
the simulations, such as the addition of a representative
element for the sensing layer on the substrate, or a variation
in temperature in the model to understand its effect on the
performance.

As this was carried out as a final year undergraduate
project, time constraints limited the scope of the project.
However, three designs were successfully designed and
simulated so to be able to sense nitric oxides or methane with
an appropriate sensing layer.
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