ISSN 2347 - 3983
Volume 8. No. 9, September 2020

International Journal of Emerging Trends in Engineering Research

Available Online at http://www.warse.org/lJETER/static/pdf/file/ijeter248892020.pdf
https://doi.org/10.30534/ijeter/2020/248892020

An Overview of MEMS Biosensor

Md Saeed Hasan Joarder*, Dr. Badrul Hisham Bin Ahmad?
2 Faculty of Electronic and Computer engineering, University Teknikal Malaysia Melaka, Malaysia,
'saeed.ru.54@gmail.com, ? badrulhisham@utem.edu.my

ABSTRACT

Biotechnology is rapidly advancing and gaining a lot of
attention to the researcher due to its advantages, and
biosensor is the key to advancing in biotechnology. Now a
day's MEMS-based sensors are gaining a lot of attention due
to its high sensitivity. MEMS-based sensors have a high
potential for detecting the different types of biomolecules. It
uses simple methods to analyze the molecule. These sensors
are now used in many biomedical instruments to diagnose
different types of diseases. Here we will discuss the different
technology used by the MEMS-based sensor to determine
different molecules.
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1. INTRODUCTION

Nowadays, sensors are using almost all kinds of electronic
equipment. Its uses in 10T devices, wireless communication,
medical instrument, etc. Sensors are using in the vehicle to
reduce road accidents and also it can be used to build smart
places like a smart car parking area.[1][2] Miniature circuits
now available at a much lower cost with higher efficiency,
and the MEMS sensor is helping convert large sensors to a
small one. Almost all kinds of biomedical equipment used a
sensor for different purposes. Biosensors are critical devices
for wvarious biomedical equipment. In these sensors,
Biomolecular collaboration is used to identify the responses.
These sensors generally have a receptor whose mechanical or
chemical or electrical properties changed when it came under
the contact of different biomolecule types such as antibodies,
antigens, enzymes, etc. A biosensor responses according to
the biological input to the sensor, and the sensor output
electrical, mechanical, optical, thermal properties changes
according to the response. There are many types of biosensors
available and used in equipment for virus detection, blood
sugar detection, exhaled breath analysis, etc. It can also detect
complex brain circuit/neural activity.[3] These biosensors
generally consist of a sensing layer and a transducer. This
transducer gets the sensing layer's response, and it detects a
specific molecule with quantity.
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A Microelectromechanical system is one of the most useful
systems to manufacture biosensors. With this system, the
desired biosensor can be produced at a low cost, small
package for various bioanalytical devices.[4] MEMS
technology can be used to fabricate biosensor in a batch, and
the sensor can be aligned in the array, for which similar
results can be obtained from the array of sensors. Thus a more
accurate result can be obtained. The MEMS-based sensor
utilizes microchannels, cavity, microcantilever, etc.[5][6]
There is some infectious disease whose early detection is quite
tricky and very expensive and difficult to diagnose. A
MEMS-based biosensor can be used to eliminate all those
difficulties in diagnosis a disease. It has so many advantages
as it can be used in portable devices that do not need any
complicated procedure to detect any disease. Those devices
need minimal knowledge to operate and can be reused so
often that disease can be rapidly detected. MEMS-based
sensors are quite useful because of sound thermal isolation,
vibration isolation,[7] fast result, and low power
consumption. Several types of technology are used in
MEMS-based sensors such as surface acoustics wave, Bulk
acoustics wave, electrochemical, electrospun, Thermal,
optical, viscometric, etc.

1.1 Surface acoustics wave Based MEMS sensor

SAW biosensors are those whose output measurement
depends on the propagation of surface acoustics wave and
sensing material placed on the MEMS platform. This sensor
can be resonant with a particular surface acoustics wave.
These sensors appear to be very useful for biomedical
applications for its sensitivity and perfect response time. It
does not need any labeled molecule compared to other
methods, such as enzyme-linked immune absorbent assay and
radio-immunoassay.[8] It is the only technique that can detect
biomolecule and fluid manipulation.[9] These sensors can be
used to detect a lot of infectious diseases that need early
detection. For point-of-care(POC) testing, this sensor-based
device is beneficial as it does not need any complicated
diagnostics procedure.[10] As the name depicted, acoustics
wave propagates along the substrate's surface in surface
acoustic wave sensors. When these sensors open to the
particular molecule, then the resonant frequency of surface
acoustics wave changes by which the substances of those
molecules can be detected. SAW-based sensors have an
interdigital Transducer and analytes placed between the two
electrodes of the transducer. In these sensors, a voltage is



applied to the piezoelectric material through the interdigital
transducers electrode. Due to the piezoelectric effect, the
material will show a mechanical deformation that causes an
acoustic wave. Now, suppose biomolecules come under
contact with that piezoelectric material. In that case, there isa
change in the generated acoustics wave on that material and
can shift the resonant frequency of that material. Such as if an
aqua specimen is applied to the sensing layer, then the
acoustics wave properties will change due to its viscosity of
the liquid, and it can be seen that the acoustics wave velocity
will be changed. Another electrode of the interdigital
transducer can detect this change. By manipulating the
shifting pattern of resonance frequency, a molecule can be
detected. Typically sensors show the different properties for
analytes mass, density, viscosity, velocity, etc.[11] Fig-1
shows a SAW sensor.
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Figure 1: SAW sensor[8]

1.2 Bulk acoustics wave based MEMS sensor

In this sensor, Bulk acoustics wave(BAW) resonator is used.
These sensors consist of a piezoelectric material and two
electrodes. Gold, Platinum, Aluminum, Chromium are used
for those electrodes. These two electrodes placed each side of
the piezoelectric material. For BAW, mostly Aluminium
nitride(AIN) or zinc oxide(ZnO) is used as a piezoelectric
material.[12] It has a higher quality factor as it has lower
viscous losses.[13] Acoustics wave propagated through the
piezoelectric material from one electrode to another when a
voltage is applied to that electrode. The formation of this
acoustic wave due to the electric field generated along the
direction of the piezoelectric material's thickness. Now
analyte is placed on the electrode, which is placed on the top
side of the sensor. There is a change in the propagation of
acoustics waves through the piezoelectric material.
Generally, the change in acoustics waves occurred due to the
mass loading effect. As the mass of the analytes changes,
piezoelectric material resonant frequency also changes, and
its frequency range few MHz to 10GHz and this frequency
depends on the thickness of the piezoelectric material, which
can be few micrometers to few hundred micrometers and
lower the thickness of the piezoelectric material, higher the
resonant frequency. The higher the resonance frequency of
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the resonator, the higher the sensitivity of the sensor. This
sensor has to be placed in a soundproof environment during
analytes analysis so that external sound could not interfere.
This sensor can be fabricated using two types of resonator:
Film Bulk acoustics resonator(FBAR) and solidly mounted
resonators(SMR). On the SMR sensor's bottom side, an
acoustics mirror is used to be confined to a particular
acoustics waveform. These acoustics mirrors are a layer of
different material which have different acoustics impedance
properties. This mirror is called a Bragg mirror or Bragg
reflector[14]. In Bragg mirror, high acoustic impedance
material like Pt and low acoustics impedance AIN can be used
in several layers. There is another method where an air cavity
is created between resonator and substrate. A resonator's
generated acoustics wave is reflected between the cavity
surfaces. Its called film Bulk acoustics resonator(FBAR),
shows in Fig-2.
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Figure 2: BAW Sensor[27]

1.3 Electrochemical MEMS biosensor

The electrochemical sensor uses electrochemistry to detect the
biomolecule shown in Fig-3. Electrochemical biosensors have
excellent sensitivity, good response time, and it has a very
high potential for different biomedical applications for
diagnostics. Mostly these sensors are very selective. The
sensing technique is much more straightforward than other
technologies and has less background current[15], less
interference. Other techniques as optical and acoustics wave
technique, have interference issues with light and sound.
Different types of material are used for sensing material such
as pyrolyzed carbon electrode, gold electrode. However, most
of the time, carbon is used for the sensing electrode as it has
excellent electrochemical stability. Carbon is also
inexpensive and readily available. It can be seen that carbon
also has superior biocompatibility [16], and it has excellent
chemical, mechanical, electrical, and thermal properties. Its



sensitivity can be increased by increasing the electrode
surface, which can be achieved by decreasing the electrode's
size. Graphene-based material, single-walled carbon
nanotubes, multi-walled carbon nanotubes, glassy carbon,
and nanoporous carbon are perfect for using an
electrochemical sensor. It can be used to detect different types
of viral diseases, enzymes. The viral disease can be detected
by immobilizing different types of antibodies and capturing
the antigen by which the electrical properties will change and
show different current-voltage characteristics due to redox
cycling when it's exposed to the analytes, which can be used to
detect Hepatitis-A, Hepatitis-B, Hepatitis C, HIV, Nov, etc.
Enzymes are also used to immobilize on the nanoporous
carbon electrode to make the sensing layer. Thus Glucose of
the sample can be measured, and diabetes can be detected[17].
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Figure 3: An electrochemical biosensor[15]

1.4 Electrospinning biosensor

Electrospinning biosensors can be created using nanofiber,
nanowire, etc. It is seen that most of the biosensor sensing
material fabricated on the substrate, and that's a drawback as
the sensing materials all the side cannot be exposed to that
biomolecule and that can reduce the efficiency of a biosensor
but if the sensing material is a nanowire and that can be
suspended then the maximum area of sensing layer exposed to
the biomolecule. It will have excellent sensitivity and produce
an excellent result. With the Electrospinning process's help, it
is possible to fabricate biosensors whose sensing layer can be
suspended. All sides of the sensing material can be exposed to
the desired analyte. As sensing material is not attached to any
other material, the parasitic effect will also be minimal. This
method is not much complicated but cheap and can be
fabricated quickly. Most of the time, the polymer used for
nanowire, nanofiber, and nanotube due to its sensing
response, chemical properties, and small footprint, but metal
oxide, which has excellent biosensing properties, also can be
used in here by coating the material on top of the polymer
nanowire. The polymer can be used for absorption,
adsorption, and viral filtration of biomolecular for biosensor.
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Due to these properties, its current conduction changes, and a
particular molecule can be detected.[18] Polymer nanowire
fabricated on the MEMS platform. In this technique, a
syringe is used, which has a pump also. The polymer solution
is placed in that syringe, and then a high voltage is applied to
that polymer solution, which makes the solution charged. A
collector is placed in front of the syringe needle, and that
collector is connected to the ground. When the high voltage is
applied to the polymer, a jet of polymer flows from the syringe
to the collector due to the electric field and jet flows to the
electric field's direction. Thus nanowire or nanofiber
formed.[19] Nanofibers produced here are few nanometers to
few microns. Nanowire fabrication method shows in Fig-4.
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Figure 4: Fabrication process of the nanowire using
electrospinning on MEMS platform. [28]

1.5 Thermal MEMS-based Biosensor

MEMS thermal biosensor analyze biomolecule by utilizing
the measurement of thermal energy released during the
biochemical reaction. This sensor mainly utilizes the heat
produced by an enzymatic reaction. These sensors help detect
an element without any complex cascaded reaction process
used by other methods. Generally, thermistor and thermopile
are used in this sensor.[20] In the thermistor process, change
in the sensor's resistance is measured during the heat
produced by analytes caused by some reaction. With the help
of TCR of a thermistor, the bimolecular property can be
analyzed. During the analysis, there may be some external
interference that may affect the analysis. A reference



characteristic of the thermistor is used to remove the external
and internal interference. The thermistor signal needed some
amplification as most of the signal is weak. Thermopile is
very good compared to the thermostat, as it has a significantly
higher sensitivity. Thermopiles can be made of metal or
semiconductor, and its sensitivity can be increased by making
the sensing material suspended by which thermal mass will be
reduced. Thus the sensitivity increases, and it can detect
nanojoule thermal changes. With the help of a thermal
biosensor, solid, fluidic, and gaseous analytes can be
analyzed. In this system, a thermopile is constructed where
one side of the thermopile can be exposed to the analyte. The
other side is exposed to a reference solution that exhibits
temperature differences in thermopile. [21]As its sensing
layer with analytes output changes respect to a reference
solution, its background noise will be canceled. Due to the
temperature difference, a voltage induced on the thermopile
changes proportional to temperature differences. A heater is
also used to get the desired temperature of analytes and
reference samples, which also can be used for this sensor
calibration. [22] In the MEMS-based sensor analytes, inject
through the microchannel of the sensor. Fig-5 shows a
Thermal MEMS-based sensor.
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sensor Reaction chamber

Micro beads

Thermal couple sensor

Figure 5: Schematic of the thermal biosensor[20]

1.6 Optical MEMS biosensor

An optical-based biosensor utilized the change of mechanical
or electrical properties when it came under contact with
biomolecules. Several methods to detect molecule by
analyzing optical properties changes or sensing layer
characteristics changes due to optical properties change. In
the interferometric method, light is passed through the
desired analytes, and some of the light reflects the source,
which causes interference. The photosensor can detect this
interference, and thus the properties of analytes are measured
by analyzing the interference. There is another
interferometric method in which the material used for the
sensing layer is soft. When exposed to the analytes like an
antigen, it will react with immobilizing antibody, and the
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surface of the sensing layer can be deformed. One side of the
sensor has a photodetector, and the other side has a light
source of a single wavelength. Due to the sensing layer's
deformation, a photodetector can detect a change in
wavelength, and the molecules can be detected.[23] Surface
plasma resonance is one of the most popular ways to analyze
biomolecule in an optical-based MEMS sensor. In this
method, light is incident on metal like Au is used as a sensing
layer, reflecting on the detector. Gold is used most of the time
because of its bioconjugation. All metal has its resonance
frequency, and this resonance frequency can be driven by
light from an external source. When light strikes the metal on
a particular angle, then the light is absorbed by the metal
electron, and resonance occurs in the electron. In the reflected
light, a portion of a waveband of light is absorbed by the
sensing layer that is detected by a photodetector. The
resonance electron is sensitive to the surrounding
environment. When analytes come close to the sensing layer,
the absorbed light band is shifted according to the analytes'
nature, which can be used to identify biomolecule. A
colorimetric biosensor is also had exquisite sensitivity, which
also uses the principle of plasma.
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Figure 6: Schematic of the surface stress sensor based on a
MEMS.[23]

In this method, molecules are detected by the reflection of a
different color. In this method, the sensor reflects different
colors when a light incident on the sensor and then the light
incident on the sensor through the biomolecule and the
wavelength of light changes, which shows a different color.
By detecting those color changes, analytes can be identified
[24]. Fig-6 shows an optical MEMS biosensor.

1.7 Viscometric MEMS sensor

As the name implies, the viscometric MEMS sensor utilizes
the sample's viscosity properties. There is a decent amount of
application in biomedical to use this type of sensor. This type
of sensor can be used to measure concentration and type of
sample. Most of the time, the sensor's mechanical properties
are used to identify the sample. A microcantilever is
fabricated in the MEMS sensor shown in Fig-7, which shows
deformation when the sample is applied to that cantilever.



[25] This cantilever can be fabricated in parallel, which can
be worked as the capacitor plates. If any fluid sample is
applied between that cantilever, it can work as a capacitor's
dielectric material. Samples dielectric properties can change
with the change of sample viscosity. If this capacitor is used as
part of an LC circuit that can oscillate, it can be used to
analyze the sample as sample properties change. The
capacitance changes which affect the oscillation frequency
and sample can be detected. In another method, the cantilever
resonance frequency is measured. An external frequency
equal to resonance frequency applied so that there is a
vibration in the cantilever. This frequency of vibration is
changed when an analyte is applied to the cantilever due to
sample viscosity. This vibration can be measured using the
optical lever method. [26] By the optical lever method,
minimal displacement of objects can be measured. Vibrating
frequency and amplitude reduces due to applied analytes.
Thus measuring the amplitude, phase shift, vibrating
frequency help to detect the sample property.

Laser vibrometer tip

Fig-7: Viscosity sensor using microcantilever [25]
2. CONCLUSION

MEMS-based biosensors became an integral part of
biomedical applications. Micromachining makes the system
size significantly lower than the bulky, heavy system. It
makes it possible to manufacture a device that can be used in
point of care. Portable equipment can be easily manufactured.
The cost of diagnosis of various diseases became significantly
lower. Extensive research is going on this type of sensor, and
it is making our life easy.
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