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A Surface-Stress-Based Microcantilever Aptasensor
Yang Choon Lim, Abbas Z. Kouzani, Member, IEEE, Wei Duan, Xiujuan J. Dai, Akif Kaynak, and Douglas Mair

Abstract—Biosensors based on microcantilevers convert biolog-
ical recognition events into measurable mechanical displacements.
They offer advantages such as small size, low sample volume, label-
free detection, ease of integration, high-throughput analysis, and
low development cost. The design and development of a microcan-
tilever-based aptasensor employing SU-8 polymer as the fabrica-
tion material is presented in this paper. Aptamers are employed
as bioreceptor elements because they exhibit superior specificity
compared to antibodies due to their small size and physicochem-
ical stability. To immobilise thrombin DNA aptamer on the bare
SU-8 surface of the aptasensor, a combined plasma mode treat-
ment method is implemented which modifies the surface of the
aptasensor. Label-free detection of thrombin molecules using the
fabricated aptasensor is successfully demonstrated. The measured
deflection is one order of magnitude higher than that of a silicon
nitride microcantilever biosensor. The developed aptasensor also
demonstrates high specificity.

Index Terms—Aptasensor, label-free, microcantilever, optical,
SU-8.

I. INTRODUCTION

B IOSENSORS are widely used in point-of care diagnos-
tics, drug screening, proteomic, and genetic analysis. The

requirement to detect different molecules at increasingly low
concentrations has motivated the miniaturization of biosensors
to reduce sample volume.
Antibodies were previously the receptor molecules of choice

until the development of aptamers [1]. Aptamers are gaining
widespread acceptance due to their better binding specificity
and binding affinity compared to antibodies. Aptamers are
highly regarded as the emerging class of receptor molecules
due to their stability, ease of production, and cost-effectiveness
which leads to the development of aptasensors [2], [3].
Different types of sensing principles have been developed,

and are classified into label-based and label-free approaches.
The label-based approaches include optical detection such as
fluorescent [4], chemiluminescent [5] and radioactive detection
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[6]. The labelling could alter the properties of the host molecule,
and accordingly affect the binding properties [7]. Besides, the
labelling is expensive and time consuming. Therefore, the label-
free approach is more suitable for the point-of-care diagnostics
applications. Accordingly, the label-free approach is employed
in this work.
The label-free approach consists of surface plasmon reso-

nance [8], electrochemical [9], impedance [10], field-effect tran-
sistor [11], [12], and micromechanical detection methods. Mi-
crocantilever-based sensors have been garnering a lot of interest
due to their superior sensitivity and ease of fabrication com-
pared to other sensing methods [13]. The microcantilever-based
biosensor is a label-free biosensing approach that translates the
biomolecular recognition event into mechanical signals. The
generated mechanical signals are dependent on the operation
mode of the microcantilever. The static operation mode [14],
[15] produces absolute deflection of the microcantilever beam
while the dynamic operation mode produces a change in the
resonance frequency upon recognition of the target molecules
[16]. In a liquid environment, the static mode microcantilevers
are more sensitive compared to the dynamic mode microcan-
tilevers. This is because the dynamic mode microcantilevers
suffer from a damping effect that reduces their quality factor
and hence their sensitivity. Therefore, the static operation mode
is employed in this work.
A read-out system is required to convert the mechanical dis-

placement into measurable electrical signals in the static mode
microcantilevers. There are various read-out methods reported
in the literature including piezoresistive [17], capacitive [18],
MOSFET [19], and optical [20]–[22]. Each of these methods
has its own advantages and disadvantages. The piezoresistive
read-out method has the advantage of ease of integration with
electronic circuitry but suffers from poor sensitivity, nonlin-
earity in piezo response, and thermal drift. The capacitive
read-out method has high sensitivity and simple electronic
circuitry, and is capable of absolute displacement measurement
but suffers from the interference problems such as variation
of the dielectric constant in different mediums. The optical
read-out method such as optical lever has high resolution and
linear response, is simple, and produces absolute displacement
measurement. These advantages are the motivating factors for
selecting the optical read-out method in this work. However,
the heat from the laser could cause the microcantilever beam
to deflect, producing false positive deflection. To eliminate the
error generated, a reference microcantilever is employed.
In addition, the optical read-out method can be integrated

into the detection system through the design of microcantilever
waveguides [23] which will lead to lower cost and higher
portability. The optical read-out method is also suitable for
high throughput systems with a microarray format. A time
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Fig. 1. Aptasensor measurement setup.

multiplexing scheme can be employed for measuring the dis-
placement of the array of microcantilevers [24].
This paper presents the design and development of a mi-

crocantilever-based aptasensor employing SU-8 polymer as
its fabrication material. To the best of our knowledge, this is
the first study reported on the immobilisation of aptamers on
bare SU-8 using gas plasma treatment. Surface modification
using the plasma technique is more advantageous because it is
a dry single step method, simple to implement, and has good
reproducibility.

II. APTASENSOR DESIGN

The aptasensor design consists of a beam that is fixed at one
end. The top side of the cantilever is immobilised with biorecog-
nition elements for target sensing. The bottom side of the can-
tilever is coated with a layer of gold so that a laser beam could
be deflected off its surface for beam deflection measurement via
an optical read-out method during the biomolecules detection
(Fig. 1). In this study, the displacement of the fabricated beam
due to the detection of target analyte is validated using an atomic
force microscope.
A modelling and simulation of the aptasensor was performed

using the finite element method. Coventorware, a MEMS mul-
tiphysics software, was used to implement the modelling and
simulation of the aptasensor. The beam model consists of three
layers. The bulk layer is the SU-8 layer, which was coated with
a thin monolayer to serve as the adsorbate layer. A thin layer
of gold was deposited on the bottom side of the beam to serve
as a reflective surface for the laser beam during optical lever
detection.
Based on the literature, typical surface stress generated by

the biomolecular interactions is 10 [25]. This value is
used to simulate the surface stress in all the studies. The sur-
face stress ( ) is the integral of the equivalent film stress ( )
in the monolayer over its thickness ( ). It is represented by,

. The monolayer in this model was assumed to
have 1 nm thickness. Therefore, to simulate the surface stress, a
normal stress of 10 MPa was applied biaxially in the and -di-
rection in the adsorbate layer. The simulated microcantilever

TABLE I
MATERIAL PROPERTIES OF DIFFERENT SIMULATED MATERIALS

Fig. 2. Graph illustrating the displacement for various microcantilever
materials.

beam models were meshed using the Manhattan parabolic mesh
incorporating 500 elements. The effects of the microcantilever
construction material and microcantilever geometries on the ap-
tasensor sensitivity were investigated.

A. Effect of Microcantilever Material

Polysilicon, silica, and silicon nitride are the common mate-
rials used in microcantilevers fabrication. However, a polymer
such as SU-8 is a more attractive alternative due to its lower
Young’s modulus compared to the silicon counterparts (see
Table I). The low Young’s modulus means low stiffness which
leads to more bending and subsequently larger displacement.
The stiffness or spring constant, , of the microcantilever beam
is given by the formula, , where , , and
are the Young’s modulus, width,, thickness and length of the
microcantilever, respectively. A microcantilever beam with the
dimensions of 600 200 2 was implemented for
the simulation studies. The simulated materials are homoge-
nous, isotropic, and obey Hooke’s law.
According to Fig. 2, the microcantilever made of SU-8

polymer would generate the highest displacement followed
by that made of silica, polysilicon, and silicon nitride. Upon
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Fig. 3. Simulated beam displacement for 400 long beam.

Fig. 4. Graph showing the relationship between the displacement and the
length of the microcantilever.

target binding, the SU-8 microcantilever with the lowest spring
constant would result in a more sensitive response than the
materials with higher spring constants.

B. Effect of Microcantilever Geometries

To investigate the effect of geometrical dimensions of the mi-
crocantilever beam on the aptasensor sensitivity, FEM model-
ling and simulations were conducted for various conditions. The
first simulation investigated the influence of the length of the
cantilever beam on the microcantilever sensitivity. A SU-8 rect-
angular beam with a constant width of 50 and thickness of
2 and a varying length was modelled (Fig. 3). The effect of
the thickness of the microcantilever beam on the sensor sensi-
tivity was also investigated. In this study, the length and width
of the beam were kept constant at 100 and 50 , while
the thickness of the beam was varied using the parametric study
function in Coventorware. The displacement of the beam for
different beam thicknesses was observed.
Based on the simulation results presented in Figs. 4 and 5,

larger beam displacements are generated when (i) the length of
the beam is increased, and (ii) the thickness of the beam is de-
creased. Therefore, the displacement of the beam is proportional
to but inversely proportional to .

Fig. 5. Graph showing the displacement of the microcantilever beam for
different thicknesses.

Fig. 6. Diagram illustrating the fabrication process. (a) Deposition of the
sacrificial layer, followed by (b) spin coating of the microcantilever layer.
(c) The SU-8 layer was exposed to UV after softbake to form the micro-
cantilevers. (d) Removal of the non-cross-linked regions. (e) Thicker SU-8
photoresist was spun on top of the previous layer. After softbake, the SU-8
layer was exposed to UV to form the body layer. (g) Uncross-linked regions
were developed. (h) Final structure was released from the substrate.

III. APTASENSOR FABRICATION

The microcantilever consists of two layers: a microcantilever
layer for biomolecule sensing, and a body layer for device han-
dling and transportation. The fabrication of the SU-8 microcan-
tilever was achieved via the surface micromachining technique
as shown in Fig. 6.
Firstly, the silicon substrate was cleaned using piranha so-

lution to remove organic contaminants. Piranha solution was
made by mixing equal parts of sulphuric acid 96% and hy-
drogen peroxide 30% in a beaker. The silicon wafer was
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immersed in the piranha solution for 20 min, followed by a
DI water rinse for 5 min. The rinsing step was repeated for
three cycles, where fresh DI water used in each cycle. Align-
ment marks were patterned on the substrate using a lift-off
technique to facilitate in features alignment during UV expo-
sure for multilayer structure fabrication. Positive photoresist
AZ4562 was used as the sacrificial material for the lift-off
process.
Polymethylmethacrylate (PMMA), a positive photoresist,

was spun onto the wafer to serve as a sacrificial layer. This
enabled the release of the final structure from the silicon wafer
at the end of the fabrication process. 5 ml of PMMA A6 was
dispensed onto the wafer and spin coated at 500 rpm for 2 min
at acceleration of 100 . Subsequently, the wafer was
baked on hotplate at 170 for 5 min. The resultant thickness
was approximately 700 nm. After the curing of the sacrificial
layer, 4 ml of SU-8 2002 was spun on top of PMMA to form the
microcantilever layer. The spin coater was set to an acceleration
of 100 and a spin speed of 500 rpm for 5 sec. Then,
the acceleration was increased to 300 and a spin speed
of 1500 rpm for 30 sec. Using a profilometer, the resulting
thickness of the film was measured, and had an average of
2.16 .
A softbake was performed on a digital programmable hot-

plate ramping from room temperature to 65 at 120
and held for 1 min. The temperature was further ramped up to
95 at 120 and held for another minute. The wafer
was left to cool to room temperature prior to UV exposure. The
wafer was exposed with a constant dose of 80 . A post
exposure bake at 65 was carried out for 1 min, and 95
for another minute with the same ramping rate of 120 .
After cooling the wafer to room temperature, the wafer was
developed by immersing in SU-8 developer for a minute fol-
lowed by an IPA rinsing to remove the non-cross-linked parts.
The wafer was left to dry at ambient temperature as blow drying
the wafer would lead to undesired deformation of the microcan-
tilever on the wafer due to a strong pressure from the air gun in
addition to the stress induced through rapid cooling due to the
increased evaporation of IPA.
Then, 4 ml of SU-8 2050 was dispensed onto the wafer and

the acceleration spin speed was set to 100 and spin
speed of 500 rpm for 5 sec. This was then followed by in-
creasing the acceleration speed to 300 and spin speed of
1500 rpm for 30 sec. The mean thickness of the microcantilever
was 90 . Similar to SU-2002, a softbake step was performed
directly after spin coating. The softbake parameters were 5 min
at 65 with a ramping rate of 120 from room temper-
ature, followed by 21 min baking at 95 at 120 .
The wafer was then exposed to UV with a constant dose of

240 . Post exposure bake parameters were 1 min at
65 with a ramping rate of 120 from room temper-
ature and 11 min at 95 at 120 . Finally, the substrate
(Fig. 7) was soaked in SU-8 developer for 15 min, and another
15 min in fresh developer followed by a rinsing with IPA to re-
move the uncross-linked SU-8 for the body layers. A thin layer
of gold was sputtered onto one side of the microcantilever sur-
face to enable the laser beam to reflect off the microcantilever
surface during the optical read-out.

Fig. 7. SEM image of the fabricated microcantilever structure before releasing
from the silicon substrate.

IV. BIOLOGICAL EVALUATION

To demonstrate the proof-of-concept of the aptasensor,
biological testings were conducted. Thrombin molecule was
chosen as the system model. It is reported that thrombin plays a
role in many diseases including thrombosis, neuronal diseases
such as Alzheimer’s [26], and pulmonary metastasis [27].
In addition, thrombin is a major target for anticoagulation
and cardiovascular disease therapy [28]. Thrombin-aptamer
binding has been vigorously investigated and characterised.
As such, demonstrating thrombin detection using the devel-
oped aptasensor is very relevant for point-of-care diagnostics
and drug discovery. Thrombin consists of several functional
regions which include the active site, a polar binding site, and
two anion-binding exosites; anion-binding exosite I or also
referred to as fibrinogen-recognition exosite, and anion-binding
exosite II or also referred to as heparin-binding exosite [29].
Immobilisation of bioreceptor molecules of target analyte is
necessary in order to achieve high specificity in biosensors.
Thrombin DNA aptamer (TBA15-1) was employed as the
bioreceptor molecule. TBA15-1 aptamer primarily binds to the
fibrinogen-recognition exosite of thrombin with dissociation
constant, of 100 nM [30].

A. Surface Immobilisation

During immobilisation, it is crucial to ensure that there is a
good linkage between the biosensor substrate surface and the
immobilised bioreceptor molecules so that they are not easily
displaced by biological medium. It is also important to control
the orientation of the bioreceptor molecules during surface im-
mobilisation so that the active sites of the immobilised biore-
ceptor molecules face the biological medium, and are easily
accessed by target analyte. It is essential that the immobilised
receptor molecules maintain their biological activity while re-
taining their native 3D structure and good stability.
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TABLE II
PLASMA CONDITIONS

According to the literature, so far no work has been pub-
lished on aptamer immobilisation on SU-8 surface. In addition,
most of the studies report on surface functionalisation using wet
chemical methods. There is no investigation conducted on sur-
face functionalisation using plasma for the immobilisation of
aptamers. To the best of our knowledge, although there are re-
ported works on plasma treated SU-8 for surface wettability
modification [31], [32], the method presented in this paper is
the first reported work on plasma SU-8 surface modification for
aptamer immobilisation.
Plasma treatment of the SU-8 surface was conducted using an

in-house built reactor inductively coupled with RF 13.56 MHz
[33]. Plasma treatment was performed in a 30 cm-long and
7.5 cm-radius tubular glass reactor enclosed in a Faraday cage.
A specially designed antenna in the inlet of the chamber acted
as the plasma source, leaving the rest of the chamber as the
afterglow area. It could transfer more than 100% of the RF
power into the plasma using the incorporated RF matching
network. Also, it could operate either in a continuous wave
mode or a pulsed mode.
The microcantilever surfaces were cleaned before surface

functionalization by dipping in piranha solution for 3 mins,
followed by a rinsing in DI water for 5 mins. The rinsing step
was repeated thrice. Then, the microcantilevers were placed
in the plasma source area and the chamber was evacuated to
achieve a base pressure lower than 1 using a
rotary pump.
Oxygen functional groups were introduced to the surface via

oxygen gas plasma treatment. A combination of continuous
plasma and pulsed plasma modes was used. Argon plasma was
applied for surface cleaning and activation prior to oxygen
plasma treatment. Then, continuous wave oxygen plasma was
applied to the microcantilever surface followed by a pulsed
oxygen plasma treatment. This combined plasma mode gave a
uniform treatment with higher levels of the required functional
groups [17], [34]. The plasma parameters are listed in Table II.
After the plasma treatment, the gas flow was stopped and the
aptasensor was left in the chamber under vacuum for 30 min to
allow the surface to stabilise before exposing to air.
The oxygen functional groups on the surface had to be ac-

tivated before immobilisation of aptamers. A total of 200
of 1:1 of 0.2 M of 1-[3-(dimethylamino)propyl]-3-ethylcarboi-
imide hydrochloride(EDC), and 0.05 M of N-hydroxysulfosuc-
cinimide(sulfo-NHS) were mixed in sodium phosphate (PBS)
buffer. Hydrochloric acid (HCl) was added to the activation so-
lution to reduce the pH value to 6. The microcantilever was left
soaking for 1 hr in a freshly prepared activation solution. Then
the microcantilever was rinsed with DI water and pure ethanol,
and left to dry at ambient temperature.

The activated surface was then immersed in solution of
0.1 M PBS buffer pH 7 containing 0.1 of 3’-end amine
modified thrombin DNA aptamer for 2 hr at room temperature.
The aptamers were heated at 85 for 5 min, then allowed
to cool to room temperature for 10 min, and subsequently
incubated at 37 for 15 min prior to immobilisation. This
treatment facilitated the folding of aptamers so that the amine
moiety at aptamer 3’-end was easily accessible for interaction
with oxygen functional groups on the aptasensor surface.
The surface was rinsed with 200 1 mg/ml bovine serum
albumin (BSA) solution in 0.1 M PBS buffer thrice for about
30 mins to remove physically adsorbed thrombin DNA aptamer
and to block the remaining oxygen functional groups. The
blocked aptamer surface was soaked in 0.1 M PBS buffer to
remove unbound BSA for 10 min, and was rinsed thoroughly
with PBS buffer. XPS analysis was performed to characterise
the functional groups on the SU-8 surface before and after the
oxygen plasma treatment. The XPS spectra were obtained using
a -Alpha X-ray photoelectron spectrometer from Thermo
Fischer Scientific using monochromatic X-rays focused to a
400 spot size. Excessive charging of the samples was mini-
mized using a flood gun; nevertheless, the C1s binding energies
of SU-8 were accurately established by charge shift correcting
the lowest binding energy peak of the C1s to 284.6 eV. Survey
spectra were obtained at pass energy of 100 eV while high
resolution peak scans were performed at 20 eV pass energy.
The peak scans were employed to obtain the composition in
terms of elemental C, O, N and Sb.
A Dimension® Icon® Atomic Force Microscope from Veeco

Instruments Inc was used to characterise the surface roughness
of the aptasensor before and after plasma treatment, as well as
after aptamer immobilisation. Tappingmodewas chosen instead
of contact mode for surface scanning to prevent the microcan-
tilever tip from dragging the biomolecules on the SU-8 surface.
A contact angle tester was used to examine the wettability prop-
erty of the SU-8 surface. DI water was utilised in the exper-
iment. In addition, fluorescence microscopy using Fluoview®
FV10i from Olympus was conducted to verify the successful
immobilisation of aptamer on the plasma treated surface. Due to
the small dimensions of the fabricated device, all surface charac-
terisations were performed on a larger rectangular piece, which
was simultaneously treated with the microcantilever sample.

B. Thrombin Detection

The microcantilever needed to be calibrated prior to bi-
ological testing in order to get accurate measurements. The
microcantilever was calibrated and characterised using the JPK
NanoWizard® II AFM. The fabricated SU-8 microcantilever
was fixed to a glass block holder with a spring using a pair
of tweezers, and mounted on the AFM head. A clean glass
slide was placed at the sample holder situated on the AFM
stage. The microcantilever was moved towards the glass slide
surface using the JPK auto approach. A force-distance curve
was obtained and the linear portion of the curve was used for
sensitivity fitting within the calibration manager. After ob-
taining the sensitivity measurement, the spring constant of the
microcantilever was obtained using a thermal noise measure-
ment technique. The microcantilever was retracted from the
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Fig. 8. (a)Water contact angle of pristine SU-8 surface. (b)Water contact angle
of oxygen plasma treated SU-8 surface.

glass slide surface, and the deflections of the microcantilever
induced by thermal fluctuations were measured. The frequency
and magnitude of these fluctuations were obtained and fitted
with Lorentz curve to calculate the spring constant value. The
obtained spring constant value was 1.389 mN/m.
For the detection of thrombin molecules, the optical level

read-out method was implemented. The fabricated microcan-
tilevers were mounted onto the NanoWizard® II AFM using
a pair of tweezers by clamping the microcantilevers to a glass
block holder via a spring and attaching it to the AFM head. The
deflection of the microcantilever was determined by reflecting a
laser beam off the gold-coated surface of the microcantilever. A
four-segment photodiode was used to detect the angle of deflec-
tion. A BioCell™ coverslip based fluidic cell (from JPK Instru-
ments AG, Berlin, Germany) with a volume capacity of 400
was mounted onto the AFM stage for thrombin detection in a
controlled environment. The detection system setup is depicted
in Fig. 1.
The thrombin molecules solution obtained from a supplier

was aliquot and diluted to the desired concentration before use.
Prior to introducing the thrombin molecules into the fluidic cell,
the microcantilevers were equilibrated in the buffer solution for
an hour (0.1 M Tris-acetate pH7.4) to obtain a baseline of the
deflection of the microcantilevers.
1 of thrombin in binding buffer solution was injected to

the fluidic cell and incubated for 30 min. Next, the buffer so-
lution was introduced to remove unbound thrombin molecules
on the microcantilever surface. The deflection of the microcan-
tilever was monitored in-situ using the real-time oscilloscope
function in the SPM software developed by JPK. The measure-
ments were recorded in a static environment without the contin-
uous flow of the buffer solution. The binding experiment was
conducted in a controlled temperature of . A micro-
cantilever with immobilised control aptamers served as a con-
trol sample in the experiment to test nonspecific interactions.

V. RESULTS AND DISCUSSIONS

A. Surface Morphology

Pristine SU-8 surface is highly hydrophobic. Fig. 8 shows
the surface wettability of the SU-8 surface. When a droplet
of water was dropped onto the surface of the untreated SU-8,
the measured contact angle was 89.4 [Fig. 8(a)]. After oxygen
plasma treatment, the surface property of SU-8 changed from
hydrophobic to hydrophilic with a measured contact angle of
10.3 [Fig. 8(b)].
Fig. 9(a) shows the morphology of a 1 1 surface

area of SU-8 before plasma treatment. The surface was quite
smooth with an RMS roughness of 3.44 nm. After oxygen

Fig. 9. Morphology of (a) pristine SU-8 surface, (b) oxygen plasma treated
SU-8 surface, (c) thrombin DNA aptamer immobilised on plasma treated SU-8
surface, and (d) SU-8 surface after thrombin binding.

plasma treatment, the RMS roughness increased to 17.95 nm
[Fig. 9(b)]. This shows that the oxygen plasma treatment
caused the surface corrugation which was not observed in the
pristine SU-8 surface. It was also observed that a uniform
nanostructured surface had been formed at the plasma treated
sample.
After aptamer immobilisation, the surface RMS roughness

of plasma treated surface reduced to 11.68 nm [Fig. 9(c)]. This
is because the aptamer molecules are larger in size compared
to the functional groups grafted on the SU-8 surface. Thrombin
molecules had successfully bound to the immobilised aptamers
on the aptasensor surface. After thrombin-aptamer binding
[Fig. 9(d)], the surface morphology showed that the surface
had become flatter and smoother with an RMS roughness value
of 7.23 nm.

B. XPS Analysis

The main composition of the SU-8 surface includes carbon,
oxygen, nitrogen and antimony (Table III). The presence of ni-
trogen on the surface could be due to surface contamination.
The untreated SU-8 shows a higher percentage of carbon com-
pared to the oxygen plasma treated SU-8. The oxygen plasma
treatment increased the oxygen concentration by 10.21%. These
results demonstrate that oxygen has been incorporated on the
SU-8 microcantilever surface.
Functional groups on the SU-8 surface were characterised via

analysis of high resolution XPS C1s peaks. The C1s spectra
for untreated SU-8 surface [Fig. 10(a)] consists of three peaks
at binding energy of 284.6 eV (C-C/C-H) , 286.3 eV (C-O),
and288.5 eV ( ) After plasma treatment [Fig. 10(b)],
the peak at 284.6 eV was reduced by 15.6% from 59.31% to
43.71%. Meanwhile, the peak at 288.5 eV reduced by 7.08%
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TABLE III
ELEMENTAL COMPOSITION OF PRISTINE AND TREATED SU-8 SURFACE

Fig. 10. XPS analysis for (a) pristine SU-8 surface and (b) oxygen plasma
treated SU-8 surface.

from 12.05% to 4.97%. An increase from 5.18% to 20.52% was
observed at the peak of 286.3 eV, showing an improvement of
15.34%. This indicated that the hydroxyl functional groups in-
creased while the C-C and decreased considerably
after the plasma treatment.
The oxygen plasma treatment cleaved the residual epoxide

groups on the surface and introduced hydroxyl functional
groups. This resulted in the change of surface wettability in
SU-8 from hydrophobic to hydrophilic. The oxygen functional
groups bind the aptamers to the sensor surface via electrostatic
interactions and hydrogen bonding with the amine functional
groups in the aptamers.

C. Fluorescence Microscopy

To verify the successful immobilisation of aptamers and
subsequent binding of the thrombin molecules, fluorescence
microscopy was carried out using FITC-tagged thrombin
molecules. The experiment was conducted on 3 samples which
include a control sample with aptamers immobilised on pristine
SU-8 surface, oxygen treated SU-8 surface, and a negative
control with aptamers exposed to FITC-tagged human Factor
Xa. Human Factor Xa is smaller than thrombin molecule (MW:
46 kDa) and does not bind to TBA-15. The negative control
was employed to access the non-specific binding background.
Fluorescence signal intensity was observed after exposing
the surface to FITC-tagged thrombin molecules and after
washing/rinsing of the surface with buffer solution. It was
observed that the fluorescence signal intensity on pristine SU-8
surface was reduced significantly indicating that most of the
biomolecules were washed away.
Fig. 11 shows the fluorescence signal detected on the micro-

cantilever sensor surface when the surface of the sensor was ex-
posed to FITC-tagged thrombin. Patches of weak fluorescence
signal are shown in Fig. 11(a). Meanwhile, the plasma treated
SU-8 produced the highest fluorescence signal showing that
thrombin molecules have successfully bound to the aptamers

Fig. 11. Fluorescence microscopy images showing the binding of FITC-tagged
thrombin molecules with aptamers immobilised on the sensor surface.
(a) Pristine SU-8 surface. (b) Oxygen plasma treated SU-8 surface. (c) Nega-
tive control employing FITC-tagged Factor Xa as the binding molecule.

immobilised on the plasma treated SU-8 surface [Fig. 11(b)].
This demonstrates that the plasma treated SU-8 surface pro-
vides a strong and stable anchorage surface for the aptamers.
For the negative control [Fig. 11(c)], it was observed that there
was non-detectable fluorescence signal indicating that there was
no non-specific binding on the sensor surface. This shows that
the aptamer immobilised on the sensor surface binds specifically
to thrombin molecules.

D. Characterisation and Biological Evaluation

In the optical lever read-out, a photodetector measures the
differential voltage between the four segments of the photodi-
odes when determining the microcantilever deflection. To ob-
tain the microcantilever displacement , the measured deflec-
tion in volts, is converted using a conversion factor known
as sensitivity, , whereby .
Sensitivity of the microcantilever is related to the constant

slope in the repulsive region of the obtained force-distance
curve. The equation describing this relationship can be written
as . The measured sensitivity value was
1.378 .
The spring constant of the fabricated microcantilever was cal-

culated using a fitting algorithm by applying the equipartition
theorem to the area under the resonance peak. The measured
spring constant was 1.389 while the theoretical cal-
culation was 1.604 , producing a percentage error of
13.39%. The theoretical calculation was based on the formula,

. The fabricated microcantilever spring constant
was one order of magnitude lower than that of the silicon ni-
tride microcantilever and is consistent with that reported litera-
ture [16].
To improve the interaction and binding accessibility between

thrombin DNA aptamers and thrombin molecules, the detection
of thrombin molecules was conducted in binding buffer solution
(Tris-acetate pH7.4). This favoured the aptamer to fold into a
G-quadruplex structure, a 3D structure configuration with in-
tricate binding pockets that binds specifically to the thrombin
binding domain.
SU-8 polymer experiences drift in liquid environment.

The drift observed in SU-8 polymer is about 0.3
higher than that reported for silicon microcantilevers
(500 100 1 ) 5 [35]. This may be
caused by absorption of liquid in the polymer [36]. To reduce
the false positive signals, a differential displacement mea-
surement was performed using a reference microcantilever.
This eliminates the background noise caused by non-specific
binding and sensor drift. Temperature in the fluidic cell was
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Fig. 12. Injection of 1 thrombin molecules in Tris-acetate buffer at pH 7.4.
Graph shows the differential bending response of the aptasensor as a function
of time.

kept constant to minimise thermal drift due to the bilayer beam
construction. Measurement of the beam displacement was
performed after a constant baseline was achieved in the buffer
solution.
When 1 of thrombin was injected into the fluidic cell,

the response curves, depicted in Fig. 12, shows an increase in
the vertical differential deflection towards the positive direction
with a maximum differential displacement of 590 nm. This cor-
responds to a sensitivity of 132.9 . In this work,
the positive deflection value indicates that the aptasensor experi-
enced compressive surface stress as the microcantilever with the
immobilised surface was mounted inverted on the AFM head.
On the other hand, a negative deflection magnitude indicates
tensile surface stress. The displacement of the microcantilever
beam was due to the change in differential surface stress be-
tween the immobilised layer and the blocked layer on the micro-
cantilever surface generated during thrombin-aptamer binding.
The obtained beam deflection value for the SU-8 aptasensor was
of one order of magnitude higher than that made of silicon ni-
tride. This means that the fabricated aptasensor was able to gen-
erate a larger displacement for the same amount of surface stress
which leads to a higher aptasensor sensitivity.
To evaluate the specificity of the aptasensor, BSA was in-

jected and incubated for the same amount of time, 30 min in
the binding buffer solution. It can be seen from the red line in
Fig. 12 that the aptasensor did not produce any measurable de-
flections. This demonstrates that the aptasensor binds specifi-
cally to thrombin molecules.

VI. CONCLUSIONS

The paper presented the design, development, and sur-
face immobilisation of a surface-stress-based microcantilever
aptasensor using SU-8, which is a negative photoresist
epoxy-acrylate polymer, highly transparent in the UV region,
biocompatible, chemically resistant and has a low Young’s

modulus. A novel plasma treatment technique that utilised a
combination of continuous wave plasma and pulsed plasma
modes was used to produce a uniform treatment with higher
functional groups on the aptasensor surface for aptamer immo-
bilisation. Surface morphology and fluorescence microscopy
results show that the aptamer immobilisation was successful
using the developed protocols. The proof-of-concept demon-
stration of the aptasensor was carried out using thrombin
molecules, and the response curve was successfully obtained.
The fabricated aptasensor demonstrates high specificity,
showing insignificant response when microcantilever surface
was exposed to negative control BSA molecules.
The stability of the SU-8 microcantilever biosensor for vari-

ations in pH and temperature is crucial, and not much work has
been conducted to investigate it. Calleja et al. [37] compared the
effect of pH, temperature and ionic strengths on SU-8microcan-
tilevers, and compared them to gold-coated silicon cantilevers.
It was found that fluorocarbon-coated SU-8 microcantilever re-
duced thermal drift in the system compared to thiol-coated sil-
icon nitride. Our future work will focus on the stability of SU-8
microcantilever in liquid environment.
We expect that the cost of the mass produced version of the

device would be lower than that of the microcantilever biosen-
sors constructed from different materials. This is due to the fact
that the use of SU-8 enables a simpler, cheaper, faster, and more
flexible fabrication process. In addition, aptamers are highly
regarded as an emerging class of receptor molecules offering
cost-effectiveness that can further lower the production cost of
a biosensor. These factors make the aptasensor cheaper than
conventional biosensors, e.g., silicon-based microcantilever
biosensors, when mass produced.
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