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Abstract—Microcantilever-based @~ MEMS  (Micro-Electro-
Mechanical Systems) sensors are rapidly emerging as powerful
tools for detecting various viral diseases. This study investigates
microcantilever-based MEMS sensors for detecting viral
pathogens, focusing on SARS-CoV-2. Motivated by the need
for rapid and efficient viral diagnostics, the pull-in voltage
of various microcantilever materials is analyzed using the
Finite Difference Time Domain (FDTD) method. Displacement
and capacitance of microcantilevers composed of nickel,
molybdenum, gold, and titanium-gold (Ti-Au) are simulated
under electrostatic actuation. Results demonstrate that the
Ti-Au microcantilever exhibits a lower pull-in voltage (4.978V)
compared to nickel (6.55V), molybdenum (6.38V), and gold
(5.26V). Furthermore, Ti-Au shows favorable capacitance and
sensitivity characteristics. It is concluded that Ti-Au is a
promising material for microcantilever-based MEMS biosensors
due to its superior performance in terms of pull-in voltage,
capacitance, and sensitivity, making it a potentially valuable
component for rapid COVID-19 detection.

Index Terms—Microcantilever beam, COVID-19, Micro-
Electromechanical System (MEMS), Pull-in voltage, Radio-
Frequency (RF), Titanium Gold (Ti-Au).

I. INTRODUCTION

B IOMEDICAL engineers focus on technological innova-
tions and healthcare developments in order to create new
equipment for enhancing human health and diagnosing deadly
illnesses such as cancer, COVID-19, influenza, respiratory
syncytial virus (RSV), hepatitis viruses, Ebola, Zika virus,
etc. [1]-[14]. These viral diseases, like the recent COVID-19
pandemic, have significantly disrupted our daily lives. More
than 770 million cases have been reported and more than
7 million people had died from the sickness by Septem-
ber 2024 [15]. Numerous countries have implemented non-
therapeutic sensible precautions such as travel restrictions,
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remote office operations, countrywide lockdowns and most
significantly, social isolation. It is transmitted by inhalation
of virus-carrying microparticles in the air, as seen in Fig. 1.

Fig. 1. COVID-19 viral transmission.

Fever, cough, headache, exhaustion, breathing difficulty,
absence of smell and loss of taste are common symptoms
of COVID-19 [16]-[18]. COVID-19 requires quick medical
attention in order to be safe in this life-threatening situation.
Because of the longer treatment interval, the patient would
experience more pain and suffering. If people know ahead
of time that they are infected with coronavirus by any rapid
medical intervention, they can engage in self-isolation to limit
the spreading of the coronavirus and be able to avoid this
condition through proper care and medication.

A variety of coronavirus testing methods are available,
including the Reverse transcription polymerase chain reaction
(RT-PCR) test, Surface plasmon resonance (SPR) test etc.
RT-PCR is a nuclear-derived technique for detecting coro-
navirus appearance. Swab Test [19], Nasal aspirates [20],
Tracheal aspirates [21], Sputum Test [22] and Blood Test [23]
are all part of the RT-PCR test. According to previous reports,
the outcomes of these methods are significantly dependent on
sample collection time, type, storage, handling and processing.
Depending on the laboratory devices and systems, coronavirus
diagnosis might take 24-72 hours or 1-3 days including
sample collection and report generation process [24]. The RT-
PCR method’s accuracy is excellent, although it is very time-
consuming and expensive. It cannot be performed at home.
This procedure consumes a large number of resources and
generates a significant quantity of waste, which is difficult to
dispose of. By producing or developing less hazardous material
in the shortest amount of time, this time-consuming problem
can be resolved right away. Surface plasmon resonance (SPR)
is a successful method, which can be employed for easy and
rapid detection of COVID-19 infection-related antigens. It is

Page 35


mailto:anikanaziba9@gmail.com
mailto:mhoque@isrt.ac.bd
mailto:nafisamanika@gmail.com
mailto:rahmanatiq.engr@gmail.com
mailto:bsse0621@iit.du.ac.bd
mailto:mth@just.edu.bd
mailto:drnasir@aiub.edu

a label-free optical method for tracking strong interaction via
changes in the refractive index of the metal at the surface. In
comparison to tests performed, results are obtained in 10—15
minutes [25]. During the first five days of symptoms, this
testing is more precise; beyond that, it is impossible to obtain
an exact result. It can be done at home, but there is another
alternative way of testing that provides faster results. It will
be possible to perform the COVID-19 test more rapidly and
with less impact on the environment if MEMS sensors can
replace these existing testing methods. MEMS sensors are
very sensitive and selective sensors for detecting coronavirus.
They are appropriate and promising due to their compact size,
low input loss, high isolation and exceptionally low power
consumption. Since these sensors have been in great demand
on the market for a long time, there is no need to establish a
distinctive industrial setting to manufacture them. This simply
need to enhance the key components (microcantilever, electrode
etc). A quicker test result can be attained by adjusting the
cantilever’s pull-in voltage, capacitance, and tip displacement.
This method requires minimal resources; therefore, it produces
less environmental pollution. MEMS Sensors have recently been
developed for the detection of different viruses such as Dengue,
Malaria, Zika, Chikungunya, etc. [26]-[28] The coronavirus
detecting procedure is accomplished in 1-5 minutes at a very
minimal cost. Furthermore, the cantilever-based MEMS sensors
will not be easily damaged. As a result of these findings,
MEMS sensor testing can perform as an alternative solution for
coronavirus detection. Or it can be combined with the existing
aiding approach. The accuracy of this test is less than RT-
PCR, although it can be administered at home. Existing testing
is currently under strained, so using the MEMS sensor as an
alternative technique could be beneficial and if the COVID-19
testing result is positive, the virus can be quarantined to prevent
it from spreading. To confirm, the user can also recheck the
accuracy using the current testing technique.

As a consequence, this study focused on microcantilever-
based MEMS sensors for the detection of viral diseases,
specifically targeting COVID-19. Throughout the simulation, a
passive layer was applied to the microcantilever. Key parameters
such as optimal temperature, Young’s modulus, Poisson’s ratio,
frequency spectrum, capacitance, arc length, pull-in voltage,
and tip displacement were analyzed and simulated to evaluate
the sensor’s efficiency. To detect the presence of the coronavirus
in a COVID-19 test, an antibody layer would be applied to the
microcantilever’s surface. If the coronavirus is identified on this
layer, a specific detection device would emit a signal.

II. DEVICE STRUCTURE AND MODELING
A. Device Structure

A cantilever is a stiff framed structure that spreads horizon-
tally but it is only sustained at one end. Usually, it extends
from a vertical level surface toward which it must be adequately
attached. A cantilever structure can be built in the form of a
single-edge clamped beam. In this simulation, a microcantilever
beam design was used. To develop a microcantilever model
out of a diverse range of materials while maintaining exact
measurements of its length, width and beam thickness. The

AJSE Volume 24, Issue 1, Page 35 - 42

movement and reaction of the microcantilever were also affected
by material properties such as density, thermal conductivity,
elasticity or stiffness, durability, malleability and so on.

The shape of a microcantilever model is shown in Fig. 2 (a).
The proposed microcantilever has three operable or detectable
layers. According to this design, it implies one antibody layer,
one active layer and one passive layer (non-piezoelectric layer).
For the active layer, lead zirconate titanate has been used.
Because the material matched the antibody adequately, the same
active layer was applied for all simulations. The passive layer
was built using a variety of non-piezoelectric materials (nickel,
molybdenum and gold) with differing Young’s modulus and
Poisson’s ratios. The length and width of the microcantilever
beam are 300um and 20um. To achieve a reduced pull-in
voltage, the material of the passive layer was changed many
times. It has a thickness of 2um. It has a fixed one end, but the
rest of it can be moved throughout easily. The microcantilever
beam is enclosed in an airtight container that is totally sealed
off from the outside surroundings. A grounded gold electrode is
located on the enclosure’s bottom side. Charge density bends the
microcantilever by minimizing the spacing between the beam
and the buffer layer shown in Fig. 2 (b). The buffer layer reduces
absorption losses and carries electrons released by the absorber
to the electrode. It hits the ground once the electrostatic force
(push or pull on something while avoiding physical contact with
it) beats the stress force (force per unit area) at the optimal
pull-in voltage, temperature and frequency. Between the bottom
of the cantilever beam and the grounding surface, there is an
apparent difference (Tip Displacement) of 2um in this model,
which assumes a thick air layer below and on each side of
the support beam. The amount of the electrostatic force is
directly proportional to the amount of the applied voltage. As
the force is increased, deflection also increases. For the pull-in
voltage, the beam finally makes contact with the ground. The
Electromechanics Multiphysics interface conducts the required
conversions and it also provides smoothing algorithms that
regulate the movement of the atmospheric domain’s mesh. The
cantilever is attached to a terminal for electricity with a bias
potential. Bias is the controlled discharge of direct current (DC)
between two terminals to regulate the circuit. The terminal
configuration changes the system capacitance automatically.

B. Modeling

MEMS sensor is an electromechanical device designed by
nanoscale technology and concentrated on the analysis, per-
ception and detection of particular bioactive molecules among
individuals. They require a minimal DC supply, negligible
loss and isolation defined by the coupling capacitance between
electrodes when it is activated [29]. Due to their narrow band-
width, higher cut-off frequency, compact size and lightweight
MEMS sensors can combine RF circuits and components on a
microchip [30]. One of the components of this MEMS sensor
is a microcantilever, which is placed into it. Microcantilever is
incredibly thin and bendable with a tiny force. In this paper, we
tested the effectiveness of the microcantilever which was chosen
because of its leverage of direct physical contact between metals
with a reduced contact resistance to produce lower input losses
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Fig. 2. (a) Geometry, (b) movement and (c) application process of the sample solution to the MEMS sensor’s surface.

while operating. Antibodies are made using recombinant DNA
technology. The phases in this technology include collecting
genetic material from host (Human) species, splitting the DNA
with restriction enzymes, linking segments with DNA ligase,
injecting the recombinant DNA into the host organism and
finally screening and testing transformed cells. It needs to have
a surface concentration between 0.27 and 4.5g/L [31]. They are
developed based on different coronavirus variants (Omicron,
Delta and Alpha) [32]-[34].

Corona virus testing procedure flowchart is shown in Fig. 3.
Two ways of the sample application procedure are displayed: a
nasal swab test and a patient’s breath test. Two possible outcomes
can occur when the liquid solution or breath is applied to the
antibody layer. The response is activated and the corona virus
is detected if the surface tension changes, the MEMS sensor’s
switch is closed and the external detection circuit is turned on.
There is no reaction and no sign of the corona virus if the surface
tension is not changed, the MEMS sensor’s switch is opened and
the external detecting circuit is switched off.

Fig. 3. Flowchart for corona virus testing method.

To avoid other viruses from being gathered by this antibody
layer, only coronavirus antibodies need to be used to create it.
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The device needs to be kept at 295.15-310.15 K temperature
since antibodies will denature upon drying or exposure to
ambient conditions. The required pH range for the solution
(buffer) is 7.35 to 7.45. This issue of denaturation can be
avoided by not preserving the antibody at high temperature
(over 338.15K), because extreme heat can disturb the natural
structure of both the antibody and buffer components. Naturally,
coronavirus antibody has no side effects. However, some patients
(pregnant women or breastfeeding mothers) may experience
headaches, low blood pressure or dizziness. In order to collect
samples, this method needs three stages. Initially, samples
should always be gathered from the patient using a nasal swab
test. This procedure usually takes a minute to complete. In the
second stage, the patient swab sample needs to be dissolved in
the test liquid and can be collected using a small dropper. The test
liquid needs to have 99.7% saline solution mixed with Sodium
azide. In the third stage, a drop of the sample solution needs to
be applied to the MEMS sensor’s surface. The sample solution
enters through the MEMS sensor and the coronaviruses in the
sample solution fall on the surface of the microcantilever, as seen
in Fig. 2 (c). As an alternative to nasal samples, the patient’s
breath can be used. Due to the method’s high sensitivity, breath
carries enough viruses to be identified considering its lower viral
load. Following that, the contact between the coronavirus and
the antibody layer will change the surface tension and will allow
the microcantilever beam to make contact with the grounding
surface, as illustrated in Fig. 4. After only 3-5 minutes of
analysis, the result can be visible on a simple reader device and
digitally decoded as a signal. When the circuit becomes closed,
an externally connected LED can be used to slow the positive
or negative result. Furthermore, this method has the advantage
of immediately detecting the coronavirus and demanding less
pull-in voltage.

For optimal COVID-19 testing results, the microcantilever’s
pull-in voltage, frequency and capacitance must be examined.
Pull-in voltage is the mandatory voltage to activate a MEMS
sensor. The accuracy of the test results increases as the pull-in
voltage decreases, as well as the durability and capacitance of
the beam material improve as the frequency and applied voltage
decrease. If all of the parameters are followed as described
above, more precise results can be obtained. Equation 1
presents the pull-in voltage (bending dominated) solution for
a microcantilever beam [35].

Page 37



Voo 4C\B W
P \epLf 1+ G Y
B=EHg] 2

Where, C; = 0.07, C, = 1.00 and C3 = 0.42 are constants,
&p represents permittivity of free space, L denotes the beam’s
extent, W shows width, B is the phase angle, g is an initial gap
between the beam and ground surface, E is the young’s modulus
and H is the thickness of microcantilever beam.

While calculating the composite beam, every layer’s Young’s
modulus should be calculated. It is a mechanical parameter that
assesses the tensile or compressive rigidity of a solid material
when a longitudinal force is exerted [35].

Eo= Yy B 3)

Fig. 4 depicts three distinct layers. Where E,,, f,, are Young’s
modulus and thickness of each layer respectively (n = 1, 2, 3 for
the successive layers) and ¢ is the total thickness of the composite
beam.

Poisson’s Equation is used to measure the static electricity of
a material. It governs the electromagnetic environment inside
the air and the beam [35].

~A-(sAV) =0 @)

Where, AV is the voltage difference. The electrostatic force
is the attraction or repulsion of two electrically charged enti-
ties [36].

Klq1 x q2]
D2
Where, ¢ and g, are two electrically charged entities and K
denotes the Coulomb’s constant.
Maxwell’s stress force defines the force concentration exerted
on the beam’s emitter [37].

F = ®)

Fo = —%(TE’ Dyn+(n-E)D (6)

Where, E) and B are the electric field and displacement
directions respectively and # is the boundary’s outward standard
direction.

Sensitivity is represented by [7],

_ Aoutput

7
Ainput )

ITI. ResuLTs AND DiscussIONs

A variety of non-piezoelectric materials are applied to
construct the microcantilever in the Finite-Difference Time-
Domain (FDTD) method. In this study titanium (Ti), nickel
(Ni), molybdenum (Mo) and gold (Au) materials are used on
the passive layer of the microcantilever. The pull-in voltage and
frequency were determined depending on the type of materials.
In this circumstance, the temperature is set to 77°F (Room
temperature) and the initial pull-in voltages of each material are
taken at 7V. Temperature fluctuations can affect the accuracy
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of COVID-19 testing; thus, room temperature is preferable.
This voltage has been changed based on the material type.
The resonance frequency of nickel is 10KHz, gold is 14kHz
and molybdenum is 50kHz. The following are the standard
values [38]-[40]. The microcantilever is connected to a voltage
input, while the chamber’s base is neutralized. According to the
simulation, the pull-in voltage seems to be the actuation voltage
at which the barrier between the microcantilever and the buffer
layer is reduced.

Based on equation 1, nickel has pull-in materials, each having
its own Young’s modulus and Poisson’s voltage of 6.1333V,
molybdenum has 6.4V and gold has 5.49V. The microcantilever
has been constructed of three different ratios. The Young’s mod-
ulus of nickel, molybdenum and gold obtained from equation 3
is 190G Pa, 315G Pa, and 79G Pa respectively. The ratio of
nickel, molybdenum and gold Poisson are considered as 0.305,
0.29, and 0.415 correspondingly. Throughout this simulation,
the length, width and thickness of the microcantilever are kept
constant.

Fig. 4. Displacements of microcantilever tips as a function of applied voltage.

In a variety of materials, Fig. 4 depicts the displacement of the
cantilever tip as a result of applied voltage. This MEMS sensor
can determine the height, width and thickness of coronavirus by
analyzing the tip displacement. It reduces as the applied voltage
of the material increases. In terms of tip displacement stability,
gold required a lower applied voltage than other materials. After
a specific voltage, the tip displacement of the gold decreases
rapidly.

Fig. 5 depicts the changes in microcantilever movement for
various voltages applied to the microcantilever, as indicated by
the lines on the symmetrical border. The solution does not con-
verge when the electric field distribution increases. Following
this analysis, the pull-in voltages for nickel, molybdenum and
gold are 6.1333V, 6.4V and 5.49V respectively. As previously
stated, lower pull-in voltage has become the key challenge
for MEMS sensor durability. After analyzing conventional
materials, which observed gold is performing better because
it increases the sensitivity of the MEMS sensor, decreases
the pull-in voltage and increases the capacitance. During this
simulation period, the frequency and temperature were set by
the established parameters. Gold is a very malleable metal. Each
gold atom’s nucleus has 79 protons. It has an atomic mass of
196.967 and an atomic radius of 0.1442nm. The density of
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Fig. 5. Displacement field of the bottom surface of the microcantilever along the symmetrical boundary for different values of arc length.

gold is 19,300kgm™. In order to further enhance the strength,
accuracy and efficiency, while simultaneously reducing the pull-
in voltage, it is essential to choose a cost-effective material for
the development of the microcantilever.

Following thorough testing can conclude that combining
titanium with gold would offer better outcomes than other
gold alloys named gold aluminum (aluminium and gold), rose
gold (copper and gold) and white gold (nickel, palladium or
platinum and gold). Titanium-gold (Ti-Au) is a metallurgical
alloy composed of 7S Ti3Au” (beta-titanium 3 gold). In terms
of productivity, strength, structural stiffness, durability and
magnetism; Ti-Au outperformed their basic metals (Gold and
Titanium). It has been reported that a titanium-gold alloy is up
to four times stronger than pure titanium [41]. The purpose of
using a strong material for the microcantilever is because of its
longevity, robustness and stability.

Fig. 6. Capacitance vs Applied voltage for different c antilever materials.

Fig. 6 shows the anticipated DC C-V curve for the mi-
crocantilever beam. The suitable length, width and thickness
for each material are 300um, 20um, and 2um, accordingly.
These simulations are done at ambient temperature (77°F).
Here capacitance rises as the applied voltage increases. As
shown above, Ti-Au has a lower applied voltage but a higher
capacitance (49 f F). More capacity is required to hold more
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electric charge. The COVID-19 test’s accuracy would improve
as capacity increased. The accuracy is essential to determine
the test’s potential to identify between unhealthy and healthy
conditions.

Fig. 7 depicts the changes in Ti-Au microcantilever movement
for voltages applied to that cantilever, as indicated by the lines
on the symmetrical border. The displacement field diminishes
as the arc length increases. During this simulation period, the
temperature was set at 77°F (298.15K, RT). The length, width
and thickness of the cantilever remain unchanged. According to
equations 3 and 4, Ti-Au has a Young’s modulus of 112G Pa
and a Poisson’s ratio of 0.33.

Fig. 7. Displacement field of the bottom surface of the Ti-Au microcantilever
along the symmetrical boundary for different values of arc length.

From Fig. 8 can see that, the pull-in voltage of both gold and
Ti-Au was 7V. Using equation 1, can calculate the pull-in voltage
of gold (5.26V) and Ti-Au (4.978V). Ti-Au has a lower pull-in
voltage than gold. As an outcome, the Ti-Au microcantilever is
ideal for the COVID-19 test due to its lower pull-in voltage and
effectiveness.

Ti-Au has a substantially higher density (4540kgm™) than
titanium and is less expensive than a gold microcantilever.
Because of its robustness, Ti-Au is an easy-to-maintain metal.
The minimal input of structural properties required to produce
a detectable output change is defined as a sensor’s sensitivity.
Equation 7 is used to calculate the contact metals’ sensitivity.
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TABLE I
COMPARISON OF THE PROPOSED MODEL WITH THE PREVIOUS STUDIES

Reference Detection Tested Material Target Detection Temperature Density Sensitivity
Technique Sample Time (°F) (kg/m3)
Ref [42] Electro- Not PANI Nucleic Acid 1h 98.6 1100 High
chemical recorded
Ref [43] MEMS Nasal Gold SARS-CoV-2 40 min T4 19300 Low
Sensor swabs virus
Ref [44] Optical PBS Gold N-Protein 10 min Not Recorded 19300 Not Recorded
(P-FAB) Buffer
Ref [45] Optical Nasal Hybrid N-Protein 35 min 77 Not Recorded High
Electro- swab, nano-
chemical blood material
sample
Ref [46] MEMS Not Piezo- S-protein Not Not Recorded Not Recorded Not Recorded
Sensor Recorded electric Recorded
material
Proposed MEMS Nasal Ti-Au SARS-CoV-2 3-5 min 77 4540 High
Sensor swab/ virus
breath
sample

Fig. 8. Pull-in voltage of Gold and Ti-Au before and after applying the sample.

Fig. 9. Temperature against sensitivity for Ni, Mo, Au and Ti-Au microcan-
tilevers.

Fig. 9 depicts the relationship between microcantilever tem-
perature and sensitivity for Ni, Mo, Au and Ti-Au microcan-
tilevers. The result indicates that when the temperature rises,
the sensitivity also rises. This is a positive development. Ti-Au
is suitable for this study since it has the highest sensitivity of all.
In this situation, temperatures between room temperature and
body temperature (295.15-310.15 K) are considered acceptable.

AJSE Volume 24, Issue 1, Page 35 - 42

Numerous doctors and researchers have used MEMS biosensors
for diagnostic purposes. Remarkable progress has been made
in the implementation of MEMS cantilever sensors for precise
detection and progressive observation of blood pressure, HIV
and Hepatitis (A, B, and C) viruses [47]-[49]. The micrometer-
sized cantilever offers the possibility of creating an extremely
sensitive sensor. Inspiration from the previous excellent work
led to an exploration of MEMS sensors.

Table I presents a comparison between previous research
studies using various types of biosensor detection techniques
and the one that is being proposed. As device materials, the
studies used PANI, gold, hybrid nanomaterial and piezoelectric
material. Optical and electrochemical detection methods for
biosensors are often more sensitive, although they also have
certain limitations. Such as, [42] having a limited temperature
range, requiring a significant amount of time to obtain optimal
results and demanding high-quality laboratory. Reference [44]
requiring pricey expenses and a facility where ambient light
can not affect the operation. Additionally, [45] presents high-
cost concerns, light sensitivity, a limited temperature range, a
lengthy time for optimal results, and a requirement for suitable
laboratory and qualified personnel. According to the comparison
table, the MEMS Sensor detection technique required room
temperature. Reference [43] requires a longer detection time,
lower sensitivity issue, has a limited number of clinical samples
and is insensitive in effluent samples. In [46] the provided anal-
ysis lacks precision in clarifying the concepts of temperature,
detection time and sensitivity. In the proposed model, using
a Microcantilever-based MEMS sensor substantially decreased
the coronavirus detection time (3 — Smin) and gave the higher
sensitivity. Previous research has not looked at the topic of
material capacitance. To store more electric charge, greater
capacity is needed. COVID-19 test’s precision improves as
capacity increases. The test’s ability to distinguish between
hazardous and healthy situations depends on its accuracy.
However, this research places particular emphasis on this aspect,
specifically the capacitance of Ti-Au, which is measured to be
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49 f F. One drawback associated with the proposed model is its
limited temperature range for preservation, which spans from
295.15K to 310.15K. The limitation of this work is relatively
minor in comparison to other studies. In addition, this proposed
model is performing superior concerning other researchers’
output.

IV. ConNcLusiON

The COVID-19 pandemic, caused by the SARS-CoV-2 virus,
has highlighted the urgent need for rapid and accurate diagnostic
tools. This research presents the design and simulation of
a microcantilever-based MEMS sensor capable of detecting
COVID-19 within a temperature range of 295.15 Kt0 310.15 K.
Our simulations demonstrate that a Ti-Au microcantilever offers
superior sensitivity, faster testing times, and a higher capacitance
of 49 fF compared to other materials. The lower pull-in voltage
of the Ti-Au microcantilever (4.978 V) reduces the required
electrostatic actuation voltage, making it a more effective
choice for COVID-19 detection. While this study focuses on
COVID-19, the proposed MEMS sensor design has potential
applications for detecting a broader range of viral and bacterial
pathogens. Future research could explore the sensor’s sensitivity
and specificity for detecting other respiratory viruses, such as
influenza and respiratory syncytial virus (RSV). Additionally,
investigating the sensor’s performance in real-world clinical
settings would be crucial for validating its practical utility.
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