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ABSTRACT: The increase in the demand and popularity of smart biosensors has brought a novel and innovative concept to
develop a diverse range of semen mutual biomarker (i.e., prostate-specific antigen, PSA)-based biodevices for our daily life
applications. Using a versatile strategy, here we have developed a next-generation miniaturized capacitive biomarker-based sensor,
which facilitates a direct, rapid quantitation and ultrafast detection of prostate-specific antigen (PSA) selectively. To fabricate an
affordable PSA biosensor, an interdigitated capacitor (IDC) was functionalized and to detect PSA at concentrations varying from 0.1
to 10 μL/mL, with a response time of 3 s. Moreover, the PSA biosensor showed a high level of selectivity due to the successful
probing of the capacitive response-generated biomolecular interactions using external stimuli at the bioelectrode. The resulting IDC-
based PSA biosensors are capable of excellent reproducibility and reusability, which are required for real-time biosensing of any
targeted biomolecules where low-concentration detection is a key for point-of-care, on-site sensing applications. We anticipate that
this research could open exciting opportunities for PSA detection at a low concentration level.
KEYWORDS: prostate cancer, biosensor, prostate-specific antigen, interdigitated capacitor (IDC), point-of-care, reusability

1. INTRODUCTION

Prostate cancer (PCa) is a common cancer malignancy among
male populations and a major cause of cancer mortality
globally.1−4 The progress of PCa understanding, investigation
of symptom progression, and designing new therapies of PCa
treatment always rely on monitoring and recognition of semen-
based targeted biomarkers, namely, prostate-specific antigen
(PSA), associated with PCa.5−9 PSA is considered to belong to
the human glandular kallikrein 2 (or hK2) family that has a
chymotrypsin-like serine protease enzymatic activity. PSA
occurs in two different forms, i.e., free and protease
inhibitor-bound, and it is possible to determine the ratios of
the two respective forms using the clinical detection of PCa.
The androgen-regulated PSA is induced by the prostatic tissue
and released into the lumen. PSA is a major protein found in
semen and its functions is to cleave semenogelins present in
the seminal coagulum. Also, the level of PSA is eventually
increased in the serum of prostate cancer (PCa) patients. For

this reason, the proteolytic activity suffers when the serum
protease inhibitors form irreversible complexes. PCa detection
test are conducted when the PSA value is ≥4.0 ng/mL in the
prostate gland.10

Although PSA is not considered as a PCa biomarker since
the PSA content in the serum might also increase in other
noncancerous diseases of the prostate,11,12 the lack of other
biomarkers turned the focus onto efficient PSA detection
(Table S1) for early-stage detection of PCa and therapy
efficacy.13 Considering the significance, ultrasensitive detection
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of PSA at pg/mL volume led to the early-stage detection of
PCa, smart diagnosis, and nonrecurrence of the disease.14,15

Classical analytical approaches (Table S2) for PSA detection
include radioimmunoassay,16 fluorescence method,17 enzyme-
linked immunosorbent assay (ELISA),18 surface plasmon
resonance (SPR),19 electrochemiluminescence (ECL) immu-
noassay,20 surface-enhanced Raman scattering (SERS),21 and
electrochemical methods.22 The above methods have made
significant accomplishments but are expensive, need an expert
for operation, good laboratory setup, and several bioreagents,
which limit their application for timely PCa diagnosis23,24

(Tables S3 and S4). Among several types of biosensors,
electrochemical biosensing approaches have emerged as a
potential solution because of the affordability, easy fabrication
processes, and tunable signal amplification using appropriate
transduction, micro/nanoelectronics, and surface-function-
alized nanosystems.25 These salient features allowed scientists
to develop several types of PSA biosensors, for example,
aptamer-based optical and electrical PSA biosensors26,27 or
electrochemical biosensors.10,28,29 Aptamer or nucleic acid
emerged as the desired bioactive compound to fabricate a
sensitive nanoenabled genosensor because it can immobilize
on the nanosurface and selectively bind with the targeted
biological elements and complex species such as living cells.30

Due to the above features, aptamer-based biosensors exhibited
high binding affinity, specificity, and a wide range of detection
concentrations.31 Besides, poor stability and expensive
diagnostics still remain as challenges to overcome. These
features in an analytical diagnostic tool are a must for
managing PCa at the point of care (POC) and according to
patient profiles, i.e., personalized health management.32−35

Considering the above discussion as motivation, this
research, for the first time, demonstrates the fabrication of a
tailored biofunctionalized interdigitated capacitor (IDC)
biosensor for label-free PSA detection. The miniaturized
IDC-PSA biosensor exhibited PSA detection at low levels
within 3 s of response time. Such desired sensitivity and
selectivity sensing features are suitable for transforming our
fabricated IDC-PSA biosensor to achieve PSA detection at the
POC. The IDC-PSA biosensor is affordable ($ < 5.00) and
easy to operate and has a very superior advantage of reusability,
which makes the diagnosis more affordable. The results of our
research confirmed the superior and practical advantages of the
fabricated IDC-PSA biosensor when compared with the
available sensing system-based screen-printed electrode
(SPE) technology.
A sandwich-architecture-based label-free PSA sensing system

was also configured to assess the performance of the IDC-PSA
biosensor in human semen in a real-time manner with the
reduced form factors (mainly the response time of a few
seconds). According to the current research outcomes, the
PSA-based biosensor acts as a smart IDC chip with expanded
biointerfaces, opens a new way to detect targeted biological
samples, even for point-of-care applications.

2. EXPERIMENTAL SECTION
2.1. Materials. All stock solutions were prepared using deionized

water obtained using a Milli-Q device supplied with a water dispenser
system from Simplicity, Millipore (USA). Anti-prostate-specific
antigen antibody produced in rabbit (product number
SAB4501531) and prostate-specific antigen procured from human
semen (product number P3338-25UG) were obtained from Sigma-
Aldrich. Sulfuric acid (H2SO4), hydrogen peroxide (H2O2), 3-

Figure 1. Schematic representation of the high-sensitivity and reusable prostate-specific-antigen-based capacitive biosensor: (a) design and
simulation of the IDC biosensor chip having 24 fingers and interdigitated capacitor arrays of 100 μm width and 100 μm finger gap implemented
using the ADS method and fabricated onto glass wafers. Step 1: the glass wafer substrate of 700 μm thickness is cleaned using an ultrasonic acetone
bath at an acid wet station for the e-beam deposition process. Step 2: a metal layer was uniformly coated onto the glass wafer via the spin-coating
method; then, acid cleaning of the surface was performed. Step 3: this deposition process was executed under a certain pressure. Step 4: finally, the
photoresist was removed using a lift-off machine with acetone/IPA/DI water in 90 s. In the simulation, a frequency of 1 MHz for 3.75 pF was
applied by Advance Design System (ADS Keysight) software. (b) Fabricated interdigitated capacitor (IDC) biochip layout. (c) Illustrative overview
of the PSA biomolecules that are released by the prostate gland.47 (d) PSA acts as an analyte in the biosensor component to accelerate the
mechanism for the detection of respective biomarkers. (e) Setup of the biochip. (f) Morphological behavior of the biochip in the presence of anti-
PSA binding with the biological system. (g) Scanning image signifies the presence of PSA on the surface and defines the measurement between two
metal fingers, i.e., 100 μm.
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aminopropyltriethoxysilane (99%, APTES), and glutaraldehyde
solution (Grade I, 70% in H2O) were purchased from Sigma-Aldrich.
Phosphate-buffered saline (PBS) buffer solution (0.1×, pH 7.4) and
ethyl alcohol were also used. An impedance analyzer or an LCR meter
(an instrument used to measure the inductance (L), capacitance (C),
and resistance (R) of an electronic component) was utilized to
characterize the sandwich-type bioelectrodes and estimate the PSA
concentration levels. Capacitive measurements were carried out in a
frequency range within 1−100 kHz.
2.2. Simulation and Fabrication of the IDC Chip. To design

an IDC sensor, which has 24 fingers, interdigitated capacitor arrays
with 100 μm width and 100 μm finger gap were implemented using
the simulation software (Advance Design System (ADS)) (Figure S1)
and fabricated onto Eagle XG glass wafers using image reversal
photolithography for pattern transfer. The Eagle XG glass substrate of
700 μm thickness is cleaned with isopropyl alcohol (IPA) and using
an ultrasonic acetone bath at an acid wet station with a mixture of
HCL and H2O in the ratio of 1:10 for 60 s (Figure 1a; Step 1) for the
Ti/Pt e-beam deposition process. This cleaning process is very
important for effective photoresist coating for Ti/Pt metal deposition.
Without the proper cleaning process, the deposited Ti/Pt metal is
easily lifted off together with the photoresist coating. In the next step,
a spin-coater was used to spin a negative photoresist onto a glass
wafer substrate with a thickness of 3 μm; then, the edge bead removal
process was applied to make sure the coated resist’s thickness was
uniform to deposit the metal layer. Then, the acid cleaning of the
surface was performed (Figure 1a; Step 2). In the e-beam deposition
process, first Ti is attached onto the glass substrate and then Pt is
deposited on Ti because Pt cannot be attached onto the glass surface
directly. In the second e-beam process, Ti/Pt is deposited with the
thicknesses of Ti and Pt being 0.15 and 0.15 μm, respectively. This
deposition process was achieved under a pressure of 5.0 × 10−6

mTorr, and the electron energy was fixed at 10 kV. Moreover, a
minimum deposition rate of 0.5 Å/s was set to obtain an accurate
layer thickness (Figure 1a; Step 3). Finally, the photoresist was
removed using a lift-off machine with acetone/IPA/DI water in 90 s
(Figure 1a; Step 4). In the simulation, we set the frequency to 1 MHz
for 3.75 pF and the measurement result was 3.8 pF. Advance Design
System (ADS Keysight©) software is used for a 4.5 × 9 mm2 size
interdigitated capacitor (IDC) biochip layout (Figure 1b). The
fabricated IDC is shown in the inset of Figure 1b with We = 100 μm,
Wc = 100 μm, Ge = 100 μm, Gc = 100 μm, and L = 3.8 mm. Finally,
the IDC is designed and fabricated as a capacitive biosensor to detect
biosamples with high sensitivity (Figure S2). The IDC is measured by
the LCR meter (Handheld, 1 kHz, 2 kHz, 200 pF, 0.2 Gohm, U1730C
Series), which interfaces with a PC for data acquisition (Figure S3).
The measurement was made with 0 V DC bias voltage and 1 kHz
frequency across the IDC biosensor.

2.3. Characterization and Measurement. The surface charac-
terization of the biocomposite was done in tapping mode using an
atomic force microscope (AFM, Model XE-100, Park Systems,
Korea). The appearance of thickness and surface modifications was
recognized under a high-resolution low-vacuum scanning electron
microscopy (SEM, FEI (Nova Nano SEM 200)). The prepared
sample grids were viewed by a Fourier transform infrared (FT-IR) iS
10 (Thermo Fisher Scientific) at KIST (Korea Institute of Science
and Technology). Capacitive measurements of the fabricated
bioelectrode were made using an LCR meter (Gohm, U1730C
Series) under dry conditions. The measurement was made with a 0 V
DC bias voltage and 1 kHz frequency across the IDC biosensor.

2.4. Sample Preparation of PSA Bioelectrodes. The IDC
biosensor that creates a progressive era of ultrasensing reusable
devices that allow expanded sensitivity, cost-effectiveness, short
analysis times, and miniaturized domain-based detection is gaining
significant interest as a label-free technique for the sensitive
measurement of target analytes. The substrate was activated in the
first step by placing the IDC surface into a Piranha solution for the
piranha etching process consisting of treatment with a mixture of
H2O2 and H2SO4 in a 1:1 ratio at 80 °C for 15−20 min to clean
organic contaminants for optimal formation of hydroxyl groups at the
surface (Figures 2a and S4). After cleaning with the Piranha solution,
the surface was washed with Milli-Q water and ethanol. Next, 3-
aminopropyltriethoxysilane solution (2 wt % APTES [3-amino-
propyltriethoxysilane]); (Sigma-Aldrich) was drop-cast for 3 h for
the formation of an amine functional group on the surface (Figure
2b); subsequently, 25% glutaraldehyde solution (C5H8O2) was
applied at room temperature (RT) for 3 h to generate an antibody
through cross-linking (Figure 2c).48,49 After the formation of the
aldehyde group on the IDC surface (Figure 2d), the anti-prostate-
specific antigen antibody produced in rabbit (10 μg/mL in PBS, pH
7.4) was fabricated overnight at room temperature (25 °C), as shown
in Figure 2e. The formation of the chemical layer and the
immobilization of the anti-PSA responded to capacitance changes
caused by the binding of target analytes that are immobilized on the
biochip. Figure 2f shows that the fabrication of the anti-PSA, further
immobilization of PSA at different concentrations was performed at
room temperature onto the biosurface to check the capacitance value
using the LCR meter.

The IDC-based PSA biosensor shows a positive capacitive response
after the addition of APTES and incubation with glutaraldehyde
solution, and the value of capacitance increase due to the presence of
APTES and glutaraldehyde solution that binds to the surface is
treated as the reference value. Eventually, the capacitance variables are
changed after the addition of the target protein (PSA) at different
concentrations (in the range from 0.1 to 10 μL/mL) to the IDC
biosensor, and the changes are calculated by the LCR meter (Gohm,
U1730C Series) (Figure S5).

Figure 2. (a−f) Subsequent process of the fabrication of IDC biosensors. Surface modification, Aβ antibody immobilization, and PSA binding on
the surface.
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The capacitance was calculated at each step, and the changes of the
IDC biosensor were recorded using (a) Bare-APTES IDC sensing
chip, (b) antibody immobilization, and (c) PSA fabrication (Figure
3). The biosurface was activated due to the rapid and nondestructive
control of the biological systems and provided balanced and
nondrifting signals in the presence of the complete biosensor
insulation system. For the determination of the reusability of the
capacitive biosensors, PSA was detected repeatedly at the same
capacitance value under the mentioned conditions, which signifies the
biosensor chip regained the original capacitive characteristics after
rinsing with PBS solution and then drying. Reproducibility of the

assays was evaluated by monitoring the change in the capacitance at
different concentrations in the range of 0.1−10 μL/mL in a 3 s
response time, which is quite a fast detection time for first-generation
IDC biosensors compared with the values from the published
literature.

The novel biosensor enables one to detect the capacitive sensitivity
from pF to nF levels having standard PSA concentration ranges within
a 3 s response time, as shown in Table S5. In the current paper,
sandwich-based layer-by-layer arrangements in the label-free techni-
que were used, and such a configuration allows real-time detection
with a reduced time of analysis.

Figure 3. (a−c) Proposed schematics for the fabrication of the antibody−antigen interaction.

Figure 4. (A) Capacitance vs PSA concentration curve. (B) ADS simulation for the current density; an equivalent circuit of the capacitive coupling
effect. (C) Ti/Pt-based IDC equivalent circuit bound by PSA biomolecules disrupting the electric field between the metal electrodes (metal
fingers), causing a change illustrated in the capacitance vs concentration curve.50−52

ACS Applied Bio Materials www.acsabm.org Article

https://dx.doi.org/10.1021/acsabm.0c01002
ACS Appl. Bio Mater. XXXX, XXX, XXX−XXX

D

http://pubs.acs.org/doi/suppl/10.1021/acsabm.0c01002/suppl_file/mt0c01002_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01002?fig=fig4&ref=pdf
www.acsabm.org?ref=pdf
https://dx.doi.org/10.1021/acsabm.0c01002?ref=pdf


The IDC biosensor is designed to detect properties of specific
antigens and antibodies of PSA biomaterials. The main concept of the
IDC biosensor for measuring the bioproperties is based on variations
of three properties such as the charge distribution, dielectric constant,
and conductivity. When an analyte is placed on an IDC substrate, the
dielectric reacts, and charge distribution and conductivity in the
presence of the antibody and antigen are also changed. Therefore, the
sensing response of the IDC biosensor can be obtained by observing
the capacitive reactance through the IDC voltage. The immobilized
PSA antibody on the IDC surface was functionalized by a 2 wt % 3-
aminopropyltriethoxysilane (APTES) solution. The substrate was
characterized by Atomic force microscopy (AFM), Scanning electron
microscopy (SEM), Fourier transform infrared (FT-IR) spectroscopy,
and ultrafast capacitance measurements with different standard PSA
concentrations of 0.1, 0.2,1.0, 5.0, and 10 μL/mL. The antibody−
antigen binding shows capacitive alteration due to the presence of
several PSA concentrations of the captured antigen with anti-PSA
antibody onto the glass substrate that helps in the quantification.
Capacitance-based detection techniques have been shown to have a

short response time with higher sensitivity compared to other
detection methods. However, we enhanced the sensitivity as well as
the selectivity of the capacitive biosensor with biological elements
onto the glass substrate in between the defined Ti/Pt electrodes. So,
this kind of a unique design yields more precise results. The
biomechanism by which the PSA molecules affect the capacitance of
the sensing system can be represented using the equivalent circuit
representation model shown in Figure 4. This circuit is a combination
of the Ti/Pt metal layer capacitance of the digitated electrodes (Cdl),
the physical capacitance of the electrode (Cg), the resistance of the
surrounding biomolecule solution (Rs), and the impedance
introduced by the bound nanoparticles (Z). PSA is an extremely
useful biomarker for the detection of prostate cancer (PCa) that can
bind to a specific biological substance with extremely high specificity.
It is typically structured to bind to the substrate and deliver high
sensitivity, causing a change that is illustrated via the capacitance vs
concentration curve in Figure 4.

3. RESULTS AND DISCUSSION

3.1. Surface Characterization of the Capacitive
Biosensor Chip. We have characterized the surface
modification of the IDC chip by capacitance measurements,
AFM, SEM, and FT-IR. Electrode material and biologically
enhanced substance modifications were all investigated. The
capacitance results showed that the surface modification using
APTES generally formed a void over the surface and resulted
in a fluctuation in the capacitance. The adsorption of anti-PSA
onto the existing APTES binding sites shows a gradual increase
with a change in the capacitance value.53 The implemented
characterizations show that changes can be detected in
different concentrations of PSA. We found that the Ti/Pt
IDCs showed better performance. They showed a unique
tendency under layer-by-layer surface modifications in
comparison with other fabrication and simulation methods.
However, Ti/Pt is user friendly and provides cheaper
microfabrication of metal electrode fingers onto the glass
substrate. It is also essential to admit that the electrode
materials can also be modified based on the biological
substances being detected for better flexibility and other
positive aspects. Changes in substrate modification also change
the capacitance variables, which allows us to determine the
diversity in PSA concentrations more clearly.

3.2. Atomic Force Microscopy (AFM) Study. To
characterize the surface of the bare IDC glass chip, Bare-
APTES, Bare-APTES-Ab, and Bare-APTES-Ab-Ag capacitive
biochips (Figure 5), Atomic force microscopy (AFM) was
employed in tapping mode (AFM, model XE-100, Park
Systems, Korea). Oscillation frequency (320.30 Hz) and
vibration amplitude (1 V) were used as experimental

Figure 5. AFM images of the IDC glass chip along with functionalization with APTES, APTES-Ab, and APTES-Ab-Ag capacitive biochips.
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parameters (Figure S6). Imaging studies were performed at 2
mm/s scanning rate and 256 × 256 pixel resolution.
3.3. Fourier Transform Infrared Spectroscopy (FT-IR)

and Scanning Electron Microscopy (SEM) Study. We
confirmed the presence of the C−H aromatic ring with a weak
intensity peak as well as C−H alkene, which is bent out of
plane in the case of bare chip. Intermolecular sharp H bonds
have been detected in the analysis. The results of FT-IR are
shown in Figure 6a. In the spectrum, aliphatic C−H stretching
bands at 849.82 cm−1 were observed (Figure S7). The figure
shows four different steps for the bare biochip (Sample 1). In
addition, the R−NO2 nitro group and C−O (carboxyl ether)
of the ethoxy group due to APTES immobilized on the biochip
(Sample 2) are being observed; the figure also shows the
biofunctionalized chip; O−H sharp peaks at 3612.48 and 1646
cm−1 indicate the presence of the nitro group due to the
antibody on the surface (Sample 3); the figure also reveals the
presence of PSA on the surface, and the R−NO2 nitro group
and C−O (carboxyl ether) and C−H aromatic peaks at 849−
611 cm−1 (Sample 4) are also recognized. The spectra showed
the specific bands corresponding to the O−H-bond- and C−H
bond-modified IDC chips and the bands in the PSA-imprinted
IDC biochip. Changes in the surface morphology of the IDC-
based chip and the polymeric surface of the Ti\Pt-imprinted
IDC biochip can be clearly seen in the SEM images of Figure
6b,c. The surface morphologies of the bare IDC glass chip
(inset), anti-PSA, and PSA-based IDC glass substrate were

observed by an ultrahigh-resolution low-vacuum scanning
electron microscope (SEM, FEI (Nova Nano SEM 200)). The
biochips were washed with ethanol and water for 10 min
successively. Before SEM observation, the electrodes were
sputter-coated with Au/Pd (Figure S8).

4. PSA DETECTION IN HUMAN SEMEN
To investigate the applicability and reliability of the PSA
capacitive biosensors in clinical applications, recovery experi-
ments were performed by the detection of PSA extracted from
human semen. The results are shown in Table 1. The semen
sample contains 26 kDa single-chain glycoprotein containing
237 amino acids, encoded by the kallikrein gene mapped to
human chromosome 19. PSA detection at the μL/mL level
(0.1−10.0) represents a successful result. A linear calibration
curve obtained between the logarithm of the PSA concen-
tration and the magnitude of capacitance response revealed a
good linear range from 0.1 to 10 μL/mL and an excellent
response at the low concentration of 0.1 μL/mL to the upper
limit of 10 μL/mL with a correlation coefficient of 0.89 (Figure
7). Therefore, this detection limit indicates high detection
sensitivity (0.1−10 μL/mL) in a short response time (3 s).

5. SELECTIVITY
To apply the developed functional biological composite anti-
PSA-APTES-Pt/Ti-glass platform to determine PSA, its
selectivity was tested against various potentially interfering

Figure 6. (a) FT-IR characterizations showing four different samples: bare chip, APTES-functionalized surface, antibody immobilization, and IDC-
based PSA biochip. SEM characterizations. (b) Surface modification of the IDC chip by anti-PSA (inset: bare IDC chip) and (c) with PSA on the
IDC glass substrate.
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compounds coexisting in the biological samples such as
glutaraldehyde solution (C5H8O2). The tests were performed
by measuring 0.1 and 10.0 μl/mL PSA standard solutions in
the absence and presence of protein biomolecules. A change in
the capacitance was proportional to the amount of PSA bound,
as such allowing a highly specific and sensitive detection. The
selectivity of the proposed biosensor chip was tested against
different concentrations of PSA and the results confirmed the
high selectivity of the developed biosensor toward PSA
detection. Furthermore, the shelf-life (stability) of the sensor
chip conjugated with glutaraldehyde solution (C5H8O2) before
and after testing with an anti-PSA, antibody aqueous solution
was evaluated over the period of 15 days (Figure 8).

6. REUSABILITY OF THE PSA-IMPRINTED IDC
BIOSENSOR

To demonstrate the reusability of the proposed PSA-imprinted
IDC biosensor chip, its capacitance in different concentrations
of standard PSA solutions was also evaluated. The results
indicate that the biosensor chip regained the original resonance
characteristics after washing in the Piranha solution at 80 °C
and then drying. The IDC biosensor chip has a reusability of
more than 3 times, which reduces its cost in the long term. The
same IDC biosensor chip was used again, and each of the
analyses was repeated up to three times. These results
indicated that the stability of the PSA biosensor was
satisfactory and there was no change in the capacitance with

good reproducibility without a significant loss in the activity.
The outcomes of this research suggest that the IDC-PSA
capacitance sensor exhibits superior sensing performance,
including detection in the physiological range, high sensitivity,
good selectivity, fast response time, and excellent reusability, as
summarized in Table 1 in comparison with reported PSA
sensors.

7. CONCLUSIONS

In this research, a label-free capacitive biosensor was fabricated
using a biofunctionalized IDC electrode (Ti/Pt imprinted) for
selective and sensitive detection of PSA within 3 s. The IDC-
PSA sensor was also configured to perform PSA detection in a
real-time manner, which is required to manage at the POC
according to the requirements of patient symptom progression.
Such a PSA diagnosis requires a very low volume of sample
and the sensor exhibited reproducibility and stability up to
many weeks. Moreover, the novelty feature of reusability
makes IDC-PSA biosensor acceptable to detect not only PSA
but also other useful biomarkers, as well as perform early-stage
diagnosis in a personalized manner. The tunable feature of the
up-scaling capability using ordinary resources motivates us to
transform the miniaturized IDC-PSA sensor for performing
PCa diagnosis at the POC. We believe that the IDC-PSA
biosensor can be part of a targeted disease management
program where rapid, sensitive, and selective detection of
biomarkers is urgently required in a highly sensitive and
selective manner.
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