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Abstract— The sensitivity and the selectivity are the most
significant parameters of any sensor. In this paper, the effect of the
coating (functionalization) thickness on the performance
associated with the sensitivity of a Micro-Electro-Mechanical-
Systems (MEMS) planar interdigital (ID) sensor is studied. The
MEMS sensors are preferred due to their small size and high
sensitivity. With acrylic resin and the Molecularly Imprinted
Polymer (MIP), selective functionalization’s over the MEMS
sensor sensing area and their detection capability is successfully
analysed with heat-inactivated human serum samples having
varying creatinine concentration. The performance-based coated-
sensor analysis has been identified. The developed MIP coated
MEMS ID sensors detection limit is 50 ppm, which is three times
higher than the level of creatinine in real human serum.

The MIP-coated selective MEMS sensor functionalization
exhibited the highest sensitivity while measuring creatinine levels -2 ®
from the heat-inactivated human serum samples. The net effect of '
material properties, speed of withdrawal and time of dipping on
the functionalization layer thickness is efficaciously investigated.
This study found out that the faster speed of withdrawal would
result in a thinner layer of functionalization. The functionalization layer thickness is increased with an increase in the net time of
dipping. However, the findings have effectively shown that rising the sensor functionalization thickness substantially raises the
saturation level.
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Graphics of the process of dip-coating.

Index Terms— Micro-Electro-Mechanical-Systems (MEMS), planar interdigital (ID) sensor, Molecularly Imprinted Polymer (MIP),
creatinine.

target molecule. The specifically selective layer of

|. INTRODUCTION

LIMINATING the natural and synthetic contaminants

from the sensing surface is one of the most critical tasks in
sensing research to get precise detection of the targeted
molecules. The addition of a protective layer of surface
functionalization is known as the most efficient protective
methodology that has been practised everywhere in controlling
the natural and synthetic contaminant impact. Different studies
on the functionalization layer have been undertaken in
controlling the process of corrosion and improving the
corrosive resistance [1], [2], for detecting natural contaminants
[3] and also in avoiding biological interventions [4] - [6].
Furthermore, the protection of a sensing surface is done by
functionalizing the membrane using natural and synthetic
reactions where they act like a precisely selective layer. The
incorporation of a specifically selective layer of
functionalization raises the sensor selectivity in detecting the

functionalization’s has been stated in the detection of various
molecules including, a marker of ovarian cancer [7], presence
of phthalate in beverages [8], cholesterol [9], etc.

In the presented studies, the method of dip coating with the
help of the PTL-MMOL1 Dip Coater instrument is utilised in
generating the layer of functionalization on the surface of the
Micro-Electro-Mechanical-Systems (MEMS) sensor. From the
list of simplified and most used techniques, including the spin
coating [10], [11] as well as the spray coating [12], [13], the
process of dip coating is frequently used. This technique is
well-known, and we used it because of its notable features
such as cost-effectiveness, reproducibility, and operational
easiness. In the present work, the sensing area of the MEMS
sensor is immersed inside the functionalization solution and
then removed at a pre-decided speed and time of immersion.
The functionalization solution uniformly coated the sensing
surface area of the MEMS sensor. Post functionalization of the
sensor sensing area, it gets dried up due to the natural process
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of evaporation. A hard layer of functionalization gets
generated over the MEMS sensing area [4], [14] - [16]. The
thickness and consistency of the functionalization solution,
speed of withdrawal, dipping time, the temperature of the
functionalization solution, and the evaporation speed of the
chemical components used while making the process of the
functionalization solution play a notable role in deciding the
functionalization layer characteristics of the MEMS sensor
[1], [24], [17]. The graphics of the process of dip coating is
displayed in the graphical abstract. In the present work, the
effect of withdrawal speed and of the time of dipping during
the dip coating process is assessed.

Creatinine is a toxic metabolic waste, and it is formed daily
inside the body of all the vertebrates [18]. The creatinine acts
as a functional biomarker in deciding the kidneys functioning
[19] - [21]. Research using Molecularly Imprinted Polymer
(MIP) based study has been recorded for the detection and
measurement of creatinine [22], [18], [23], [24]. This work is
a middle part of our previously published articles [18], [23]. In
the presented work, serum creatinine samples with varying
creatinine concentrations are used to estimate the performance
of the MEMS sensor.

The MEMS sensor’s functional sensitivity is significantly
dependent on the functionalization layer thickness. Hence, in
the presented study, we have examined the functionalization
layer's role in detecting and measuring creatinine. We have
also studied the effect of functionalization layer thickness on
the performance of the MEMS planar interdigital (ID) sensor
on the creatinine measurement. The acrylic functionalization
and the creatinine-specific selective MIP functionalization
layers are analysed for calculating the MEMS ID sensor
functional performances associated with the sensitivity.
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Fig. 1. Adaptation of the parallel plate design into the planar ID MEMS sensor
(a) parallel plate capacitor, (b) intermediate stage and (c) ID sensor [24].

Il. WORKING PRINCIPLE OF MEMS SENSOR WITH PLANAR ID
ELECTRODES

Standard planar shaped ID sensors have a repetitive pattern
of electrodes in a parallel plane. The electric field lines are
formed with the application of an alternating current (AC)
excitation signal to the ID electrodes. These field lines enter
inside the sample under test (SUT) and capture the SUT-
related information [25]. The planar ID sensors are coplanar-
shaped parallel plate capacitor structures that adopt the same
concept and give single-sided access to the SUT. The
conversion into the planer-shaped structure of the parallel
plate capacitor is shown in Fig. 1. The transition process alters
the electrical field uniform flow to the protruding electrical

field, which in turn passes through the SUT. It produces an
output that is directly proportional to the SUT properties.
Whilst passing through SUT, the absolute permittivity of the
penetrating electrical field changes due to the different
electrochemical characteristics of the SUT. The shift in the
electrical field is analysed as a functional characteristic of the
sensor [20]. The alternately charged finger-alike structured
design of the ID sensor is frequently repeated multiple times
for raising the strength of the output signals [25].
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Fig. 2. A MEMS technology-based sensor fabricated using a silicon wafer and
a diagrammatic representation of the individual sensing area of the MEMS
sensor.

An ID sensor with an equal number of negative sensing and
positive excitation electrodes has been designed and fabricated
with a 1-1-25 configuration [23], [24], [26] - [28]. The critical
determination during the design of an equal positive-negative
electrode patterned sensor is to achieve uniformity in precise
detection, to raise the sensor sensitivity, and to refine the
response towards the SUT. The ID patterned sensor chips are
designed on a single side of a 2-inch diameter silicon wafer
with etching and photolithography techniques. Gold electrodes
with an ID pattern and thickness of 500 nm have been
designed by gold sputtering over the silicon wafer substrate.
Total 36 units of working sensors are developed on the silicon
wafer chip where every sensor has a structural design of 10
mm x 10 mm. Fig. 2 denotes the sensing area of the developed
sensor, which is 2.5 mm X 2.5 mm [29]. A chip-sized sensor
made on a silicon wafer with a 1-1-25 design configuration
has been utilised to carry out the experiments. The 1-1-25
sensor included 1 sensing negative electrode between 2
excitation positive electrodes with an alternative pattern. The
pitch length spacing in-between consecutive electrodes of 25
um is used in performing the experiments.

The electrochemical impedance spectroscopy (EIS)
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technique is utilised for analysing the dielectric properties of
materials. The EIS technique is found out to be the most
suitable for analysing electrode kinetics of electrochemical
systems having huge complexity. In the proposed
methodology, excitation signals having low amplitude are
necessary because of the non-linearity formed by the electron
transfer process [30], [31]. This technology is broadly utilised
in biomedical healthcare applications [32], [33], corrosive
materials [34], and also in measuring food and beverages
contamination levels [34], [35]. The EIS is defined as a
reaction of an electrochemical system with an AC impulse in
simplified terms. The real impedance and the imaginary
impedance are the integral parts of the impedance widely
utilised in reflecting the device outcome to the applied
potential. The outcome obtained is in a composite system, and
it is showcased using the Nyquist plotting method.

I1l.  MATERIAL AND METHODS

A. Chemicals, Apparatus and Instruments

The creatinine powder, methacrylic acid (MAA), 2, 2-
azoisobutronitrile  (AIBN), divinylbenzene, acetonitrile,
toluene, acetic acid, acrylic resin, acetone are used for this
experiment. All these chemicals are procured from Sigma-
Aldrich, Australia. All glassware is also purchased from
Sigma-Aldrich, Australia. PTL-MMO1 Dip Coater instrument
for obtaining a functionalization layer uniformity. The high
precision Hioki 3536 LCR meter instrument is used for
measuring the output of the MEMS sensor. The JEOL JSM
7100F Field Emission Scanning Electron Microscope
(FESEM) instrument is used for obtaining high-definition
images of the MEMS sensor surface. The fabrication details of
the MEMS ID sensor are described in our publication [36].

B. Surface Functionalization of the MEMS Sensor with
Acrylic Resin

The acrylic resin is used to coat the planar ID sensor. The
sensing surface is washed with acetone to remove any
invisible surface debris or contaminations in the first step. In
the second step, the acrylic resin coat is made by mixing
acetone as a liquefier (1.5 mL) and acrylic resin (200 pL) as a
protective layer and adhesive agent. It is layered on the
MEMS sensor sensing area as a protecting layer of
functionalization and acts as an adhesive agent. The layering
of acrylic resin is completed with the PTL-MMO1 Dip Coater
instrument for obtaining a functionalization layer uniformity.
In the subsequent stage, the MEMS sensor is dried for 30
minutes at standard laboratory temperature (25°C) and
humidity level (31%) to achieve uniformity in the drying
process and achieve the sensor functional stability. The effects
of interfering parameters associated with the functionalization
process, including time, speed and their effect on the thickness
of the functionalization, are examined in the presented study.
Also, a MEMS sensor having a varying functionalization
thickness is prepared for finding out the influence of the
thickness of the functionalization layer on the sensitivity and
the output of the MEMS sensor. The increasing
functionalization thickness is achieved by changing the speed
of withdrawal and time of dipping.

Fig. 3. (a) MIP functionalization process using PTL-MMO1 Dip Coater
instrument and (b) MIP coated MEMS sensor.

C. Specifically Selective Functionalization Material for
Creatinine on the MEMS Sensing Area

As the acrylic resin-coated sensor is not strictly selective
against the target biomolecule, e.g. creatinine, the coated
MEMS sensing surface cannot specifically and selectively
analyse creatinine levels from the serum samples. It is due to
the presence of various other biomolecules inside the serum
samples. To avoid this issue, the sensing surface of the MEMS
sensor is selectively functionalized with a specifically
selective synthetic functionalization material. A chemically
synthesised MIP methodology is introduced while
synthesising a creatinine specific selective functionalization
material. MIP is a robust and convenient methodology to
synthesise synthetic-detection sites for the target molecule
[38] - [39]. MIP is synthesised with the help of the
precipitation polymerisation methodology described in our
earlier publication [18].

MAA is used as a functional monomer (0.510 mL), AIBN
as a reaction initiator (3.22 mL) and divinylbenzene as a cross-
linker (7.50 mL). Creatinine is used as a template molecule
(0.10 grams of creatinine powder into 2 mL of Milli-Q water
in an Eppendorf tube). By mixing the template molecule, a
functional monomer, and a cross-linker molecule at a ratio of
2:0.510:7.5, a solvent mixture is made in a flask. To that flak,
acetonitrile (96 mL) and toluene (32 mL) are added in 3:1
proportion, and a MIP reaction mixture is prepared. The
addition of the reaction initiator to the reaction mixture is then
performed, followed by keeping the flask inside a 60°C water
bath for initialisation of the process of polymerisation. The
complete polymerisation took 24 hrs time frame. In the
subsequent stage, the extraction of the template molecule from
the core of the MIP polymer is successfully performed with 24
hrs of acetic acid reflux process using a soxhlet extraction
apparatus. The use of soxhlet extraction techniques aid in
leaving MIP detection sites vacant, and the empty polymer is
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obtained having complementary sites for the target molecule,
i.e. creatinine. The MIP synthesis associated conditions have
been optimised. The corresponding results are provided in our
previous article [18].

*‘
¥

¥
i
e

Fig. 4. Diagrammatic representation of the complete EIS measurement
system.
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Fig. 5. FESEM images of the acrylic resin coated layer.
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Fig. 6. FESEM images of the selective MIP-polymer coated layer [18].

In the first step, the MEMS sensor is surface cleaned using
acetone for removing all kinds of surface impurities. In the
subsequent stage, a MIP functionalization material suspension
solution is made by uniformly mixing acetone as a liquefier
(1.5 mL), MIP as a selective polymer (1 g), and acrylic resin
(200 puL) as a protective layer of the functionalization as well
as adhesive agent in a small beaker at laboratory temperature.

The saturation of thickness of the functionalization layer is
dependent on functionalization material properties and the dip
coating process (speed of withdrawal and dipping time). To
avoid rapid evaporation of acetone at laboratory temperature,
drying out of both acrylic functionalization solution and the
MIP suspension functionalization solution, instant cracking/
peeling off of the functionalization layers from the MEMS ID
sensing area, the following essential factors need to be taken
into consideration. The liquid suspension bottles containing
acrylic and MIP functionalization solutions should be strictly
stored inside the freezer at -4°C and taken out only for 15-20
minutes before the process of functionalization. It helps in
slowly increasing the temperature of bottles to laboratory
temperature. The lid of the glass storage bottles should be
opened only for the time of the dip coating procedure. It
should be closed right after finishing the dipping experiment,
followed by restoring the solutions at a -4°C freezer. To avoid
rapid evaporation of acetone and consecutive instant cracking
of both acrylic functionalization solution and the MIP
functionalization layer suspension, the individual solution
temperatures are maintained at laboratory temperature and
humidity level. The effect of thickness and consistency of both
acrylic ~ functionalization  solution and the MIP
functionalization solutions are studied in our earlier published
article [18]. A PTL-MMOI1 Dip Coater instrument is used in
the process of functionalization, as shown in Fig. 3 (a).

Post functionalization, the sensor is slowly and uniformly
withdrawn from the functionalization suspension solutions to
achieve uniformity in both the acrylic functionalization and
the MIP polymer selective functionalization layers. Both the
coated MEMS sensors are air-dried for 1 hr at average
laboratory temperature in the final stage. The increasing
functionalization thickness is achieved by changing the speed
of withdrawal and time of dipping. Fig. 3 (b) displays the
functionalized MEMS sensor with a MIP polymer
functionalization. The creatinine binding procedure on MIP
coated MEMS sensor is studied [18], [23], [24], and
experiments are done with the EIS technique using the LCR
meter instrument. Streptavidin is also used in literature for the
biosensor functionalization process. However, in our
application, the acrylic resin acted as the optimum
functionalization agent. It created a protective layer of the
functionalization and worked as an excellent adhesive agent.

D. Experimentation Set-up and the Apparatus

Series of experiments are carried out with the help of high
precision Hioki 3536 LCR meter instrument. The instrument is
adjusted on a slow mode of operation for significantly rising
the precision of obtained results. To ensure the results
reliability, the readings are repeated 5 times, and an average of
5 readings is considered. With the aid of gold pin connectors,
the MEMS sensor is connected to the Hioki 3536 LCR meter,



IEEE SENSORS JOURNAL, VOL. XX, NO. XX, MONTH X, XXXX

and the Hioki 3536 is used to record the parameters. The LCR
meter is further linked to the data acquisition system. Fig. 4
shows the process diagram of the full EIS analysis measuring
scheme. The sensing area of the MEMS sensor is coated with
the help of the PTL-MMO1 Dip Coater instrument to achieve
the sensor functionalization for selective detection and
capturing of creatinine molecule from the samples. The
FESEM instrument is used for obtaining high-definition
images of the MEMS sensor functionalized surfaces. The
FESEM images of the acrylic resin coated layer, and the MIP-
polymer coated selective layer are displayed in Fig. 5 as well
as Fig. 6.

IV. RESULTS AND DISCUSSIONS

A. Creatinine Level Analysis with the Acrylic Resin &
MIP Coated MEMS ID Sensor

A stock solution of 100 ppm is made by dissolving 1-mg of
creatinine powder in 10 mL of heat-inactivated human serum
stored inside the refrigerator. A technique of serial dilution is
used for preparing samples with varying concentration levels
(6 ppm, 10 ppm, 14 ppm and 15 ppm).

The normal creatinine range in human serum for females is
0.5-1.1 mg/dL (5-11 ppm), whereas, for men, it is 0.6—1.2
mg/dL (6-12 ppm). It is due to the gender-specific body
composition having slightly higher levels of skeletal lean
muscle mass. Serum creatinine levels over 15 ppm need
medical attention. For creatinine selective detection, the MIP
coated MEMS ID sensors detection limit is 50 ppm, which is
three times higher than the expected level of creatinine
concentration in human serum [18]. The ability of the MIP
coated MEMS ID sensor to detect up to 50 ppm is useful in
case if the coated sensor is used for serum sample having very
high creatinine levels.

In the initial step, the creatinine measurement is done using
an acrylic resin coated MEMS sensor prepared with varying
thickness of the functionalization’s (55, 120, 180, 240 um).
The MEMS sensor gets saturated at 240 pm thickness of the
acrylic resin functionalization. Varying thicknesses of
functionalization layers are attained by repeating the
functionalization process.
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Fig. 7. Serum creatinine analysis with the help of acrylic-coated MEMS
sensor having a varying thickness of coats: (a) 55 pm, (b) 120 pm, (c) 180 um,
(d) 240 pum.
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Fig. 10. MIP coated sensors calibration curves for the varying thickness of
functionalization’s: (a) 66 pm, (b) 135 pm, (c) 200 um.

Post functionalization of the MEMS sensor with acrylic
resin, profiling of the coated sensor has been done in the air. It
is tested with the serum samples solutions of varying
creatinine levels. The same set of experiments are performed
with the 55, 120, 180, 240 um. Fig. 7 denotes experimental
results in the representation style of the Nyquist plotting
technique.

It is noticed that the bidirectional changes happened for the
real as well as the imaginary impedance for thickness levels
ranging from 55 um to 240 um. It is observed that as
functionalization layer thickness decreases, the differences
displayed within every Nyquist plot for various creatinine
concentrations are significantly distinct. Nevertheless, the
acrylic resin coated MEMS sensor having 240 um thickness of
functionalization did not show significant changes in varying
creatinine concentrations.

In the initial step of MIP-coated MEMS sensor creatinine
concentration analysis, the uncoated MEMS sensor is
characterised using the EIS technique with an LCR meter to
determine the sensitive frequency range used MEMS sensor.
The MIP functionalization process is done, and thickness
levels of MIP polymer functionalization’s (66, 135, 200, 270
um) is achieved. Post functionalization process, the MEMS
sensor with MIP is re-characterised in the air for comparing
the profiles of varying MIP functionalization thicknesses. It is
noticed that the size of the diameter of the semicircle of the
Nyquist plot changes with varying thicknesses. It is also
observed that the Nyquist plot semicircle comparatively gets
saturated at 270 um when coated using MIP. It is because of a
heavier functionalization thickness level over the penetration
capacity of the protruding electrical field.

In the next set of experiments, the MIP polymer coated
MEMS sensor is utilised for testing the creatinine serum
samples. Varying thickness levels of MIP polymer
functionalization’s (66, 135, 200, 270 um) are achieved using
the PTL-MMO1 Dip Coater instrument by performing a
repetitive dipping technique. The same procedure is used
whilst performing experiments with the help of the MIP
coated MEMS sensor. Four samples having varying creatinine
concentrations are analysed by using MIP coated MEMS
sensor. The Nyquist plot for the MEMS sensor coated with
MIP polymer having varying functionalization thickness (66,
135, 200, 270 um) is displayed in Fig. 8. Concerning MIP

functionalization thickness levels ranging from 66 pm to 270
um, a rise in the Nyquist plot semicircular region diameter
indicates a clear rise in creatinine concentrations in serum
samples. The increase in the Nyquist plot diameter is due to
the rise in the number of creatinine molecules [18], [23].

Nonetheless, it is found that the MEMS sensor is saturated
at 270 pm and did not display significant changes in the
varying amounts of creatinine. The MIP polymer is selectively
synthesised for adsorbing the creatinine molecules from the
sample solution [18], [23], [24]. Therefore, the MIP coated
MEMS ID sensor showed much better performance than the
acrylic-coated one.

The two different functionalization materials (acrylic and
MIP) are saturated at two different thicknesses. The acrylic
functionalization solution is made by mixing acetone as a
liquefier and acrylic resin. The MIP functionalization
suspension is composed of acetone as a liquefier, MIP as a
selective polymer, acrylic resin as a protective layer of the
functionalization and an adhesive agent. The acetone gets
evaporated, but the combination of MIP and acrylic resin
shows an effect on the thickness of the MIP suspension
functionalization, making it thicker after drying the coat.
Although the MIP suspension functionalization has shown
higher thickness (66, 135, 200, 270 um) for all the
functionalization’s over acrylic functionalization solution (55,
120, 180, 240 pm), it is found to be displaying the higher
sensitivity. It is due to the usage of creatinine (template
molecule), MAA (functional monomer), AIBN (reaction
initiator), and divinylbenzene (cross-linker) in the synthesis of
MIP. Their cross-linking made the MIP polymer highly
selective, sensitive, and specific towards adsorption of the
creatinine from the spiked serum creatinine samples.

B. Coated MEMS Sensor Sensitivity and the Saturation
Level Measurement

A coated sensor with varying thicknesses of the
functionalization is used to obtain the calibration curve
derived from investigating the MEMS sensor output-related
sensitivity. By plotting the imaginary impedance against
creatinine concentration at 1020 Hz (operating frequency), the
calibration curves are derived. As maximum changes are
noticed with the imaginary impedance at 1020 Hz, it is chosen
over the real impedance [18], [23]. The acrylic resin coated
MEMS sensor calibration curves with three varying
functionalization thicknesses are shown in Fig. 9. Fig. 10
shows the MIP coated MEMS sensor having three varying
functionalization thicknesses calibration curves.

By using the slope of the calibration curves, the MEMS
sensor sensitivity is indicated. It is found that with the increase
in functionalization layer thickness, the curve slope gets
affected. This phenomenon occurs because of the passing of
the fewer electric lines from the sample when the MEMS
functionalization thickness level is increased. It is also noticed
that for achieving the highest sensitivity, the thinnest
functionalization layer is most useful. Fig. 11 displays both
functionalization’s sensitivity (acrylic resin coated and MIP-
coated) at varying functionalization thicknesses. As described
in Fig. 11, the MIP-coated MEMS ID biosensors sensitivity is
0.15 Q/ppm.
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It is noticed that in both the functionalization’s, a linear
decrease in sensitivity is found. It is linked with a rise in the
thickness of the functionalization. The MIP coated MEMS
sensor displayed higher sensitivity and selectivity towards
capturing creatinine from serum samples over the acrylic resin
coated MEMS sensor. The MIP is specifically synthesised by
using creatinine molecule as a template. Therefore, the MIP
suspension solution functionalization on the MEMS sensor
displayed higher sensitivity [18], [23], [24].

Serum creatinine samples with different creatinine levels
have been analysed with coated sensors to verify the MEMS
sensor saturation level, and the results are shown in Fig. 12. A
direct relation is observed between the increase of the
functionalization layer thickness and the enhancement in the
level of saturation. This is related to the availability of more
creatinine specific capturing sites and to the increasing
thickness of the functionalization. Nevertheless, it also reaches
the saturation level when the MEMS sensor sensing surface is
dense with capturing sites. However, the increasing thickness
of the functionalization also hampers the passing of the
electric field. Thus, a compromise is chosen for the sensitivity
and saturation level after finalising the functionalization
thickness.

C. Thickness of Functionalization Reliance on the Speed
of Withdrawal and Time of Dipping

When the PTL-MMO01 Dip Coater instrument is utilised for
the process of dipping, the functionalization layer thickness is
analysed by studying the speed of withdrawal and time of
dipping for the MEMS sensor. The acrylic functionalization
solution and the MIP suspension solution are used to conduct
this analysis.

The dipping time is pre-set for 10 seconds, and the
withdrawal speed is changed from 50 mm/s (minimum speed
available) to 200 mm/s (maximum speed available). It is done
to investigate the effect of the withdrawal speed on the
functionalization  thickness. @ The reliance of the
functionalization thickness on the withdrawal speed is seen
(Fig. 13). The functionalization layer thickness is raised from
55 um to 240 um for the acrylic resin functionalization
suspension.

Acrylic Resin and MIP Coated MEMS Sensor’s Sensitivity
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For MIP functionalization material functionalization
suspension, the functionalization layer thickness is raised from
66 um to 270 um. The maximum thickness is observed at 50
mm/s withdrawal speed.

For identifying the time-dependent functionalization
thickness, the speed of withdrawal is maintained at 200 mm/s,
and the time of dipping inside the functionalization suspension
solution is altered from 1 second to 12 seconds. Fig. 14 shows
the outcome of the functionalization layer thickness concerned
with the time of dipping. It is detected that the sufficient
thickness of the functionalization layer is obtained in 1
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second. In contrast, the highest level of thickness is obtained
in 12 seconds for acrylic resin and the MIP functionalization
material suspension solutions.

V. Conclusion

In the presented work, a planar ID MEMS sensor is
effectively coated using acrylic resin and MIP suspension
solution. The experiments are done for studying the functional
and performance sensitivity of the MEMS sensor in creatinine
serum solution. The serum solutions are made using four
varying creatinine concentrations, ranging from 6, 10, 14 and
15 ppm. The results showed that acrylic resin and MIP
suspension solution show sensitivity towards the creatinine
molecules. However, the MIP suspension solution
functionalization on the MEMS sensor displayed higher
sensitivity. The serum creatinine samples selectivity is related
to the acrylic resin-MIP coated MEMS sensor in the capturing
process. It is due to the presence of creatinine specific
capturing sites inside the MIP functionalization suspension
solution. It is also noticed that both the type of
functionalization’s applied to the MEMS sensor exhibited
lesser sensitivity with an increase in the thickness of the
functionalization layer on the MEMS sensor. It is also seen
that increase in functionalization layer thickness raises the
saturation level. Therefore, to find a balance between the
amounts of SUT concentrations and the sensitivity, the
functionalization thickness must be pre-decided according to
the application requirement.

In the presented work, the PTL-MMO1 Dip Coater
instrument is used to process dip coating to generate a uniform
functionalization layer on the MEMS sensing surface. While
performing the dip coating process, the functionalization
thickness relies on the functionalization material properties,
speed of withdrawal and time of dipping. In conclusion, the
functionalization thickness is increased by decreasing the
speed of withdrawal and increasing the time of immersion.
Functionalization layer thinness could be attained with the dip
coating technique. For the acrylic resin, it is 55 um, and for
the MIP functionalization  solution, the  material
functionalization thinness is 66 pm.
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