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ABSTRACT: Achieving biosensors of high sensitivity and reliability is extremely
significant for early diagnosis and treatment of tumor diseases. Herein, a novel
organic field-effect transistor (OFET)-based biosensor was developed and
applied for carcinoembryonic antigen (CEA) bioassay. This OFET-based
biosensor can respond sensitively to the antigen−antibody immune-recognition
reaction under illumination and darkness, respectively, thereby generating
electrical signal changes of source-drain current (IDS) and threshold voltage
(Vth). The OFET-based biosensor exhibits detection limits for CEA detection of
0.5 and 0.2 pM, respectively, using IDS and Vth as the response signals under
darkness. When a specific intensity of light is applied, light will influence the
charge-carrier transport process in the conductive channel, thus causing
biosignals to turn into higher electrical signal changes of photocurrent and
threshold voltage under illumination. Compared with the detection results in the
dark, the biosensor exhibits higher sensitivity for CEA detection under illumination with detection limits of 13.5 and 16.9 fM. Also,
multisignal outputs effectively improve the reliability of the biosensor for CEA detection. Consequently, with powerful detection
functions, this OFET-based biosensor is expected to become a high-performance biosensing platform for the detection of various
biological substances in the future.

■ INTRODUCTION

Highly sensitive and reliable determination of biological
analytes plays a significant role in the early diagnosis, real-
time monitoring, and treatment of disease.1−3 Organic field-
effect transistor (OFET)-based biosensors4−7 that emerged in
recent years have attracted more and more attention from
researchers. The OFET-based biosensors have many advan-
tages such as easy large-area preparation, miniaturization,
integration, small size, low cost, and fast response speed. To
improve the bioassay capability of OFET-based biosensors,
researchers have adopted a variety of strategies to design and
construct innovative types of sensors.8,9 For example, func-
tional modification of the sensing interface can enhance the
interaction of analyte and biosensing layer so as to exhibit
higher sensitivity and reduce the detection limit.10 Never-
theless, this method has problems such as a complex surface-
modification process with great difficulty and an inevitable
impact on the electrical performance of the device. Other
methods include synthesizing organic semiconductor materials
with specific functional groups for better identification of
analytes or developing new device structures to improve sensor
performance.11,12 However, they may face problems such as
difficult synthesis paths, cumbersome manufacturing processes,
and operational difficulties. In addition, accurate and reliable
detection of biological substances is essential for disease

diagnosis. Therefore, some researchers had designed bio-
sensors13−16 with two different signal-transduction mecha-
nisms to realize a multisignal readout biosensor. Moreover, the
preparation process of this biosensor was simple, and powerful
detection functions could be obtained. Biosensors with
multisignal outputs17−19 can mutually verify the detection
results of different signals, which will enhance the accuracy and
reliability of the detection results.
The organic semiconductor components applied to con-

struct OFET-based biosensors are generally utilized to sense
charged biomolecules, and the detection of biological analytes
is realized by reading electrical signals changes of the OFET.
Currently, there are many types of semiconductors.20 More-
over, polymer organic semiconductors have advantages of
biocompatibility, easy solution processing, and other character-
istics21−24 that make them have great application prospects as
biosensing platforms. Because organic semiconductors with
good photoelectric activity are sensitive to light, light can
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influence the charge-carrier transport process in the conductive
channel.25−28 Therefore, the OFET based on photoactive
semiconductor materials constitutes a biosensor, which
exhibits higher sensitivity for biological-analyte detection
under light illumination.29,30 Furthermore, the photoelectric
active material can be used as an organic semiconductor layer
and a biosensing layer simultaneously, which simplifies the
fabrication process of the highly sensitive immunosensor.
In this study, a novel OFET-based biosensor was first

constructed using diketopyrrolopyrrole-quaterthiophene
(PDQT), a conjugated polymer with excellent photoelectric
activity,31,32 as the organic semiconductor material to realize
the bioassay of carcinoembryonic antigen (CEA) with
enhanced sensitivity and reliability (Scheme 1). The OFET-

based biosensor could simultaneously obtain the signal
changes of source-drain current (IDS) and threshold voltage
(Vth) caused by the specific biological immune response under
illumination and in the dark. In the dark conditions, the
detection limits for the CEA bioassay were 0.5 and 0.2 pM
with IDS and Vth as the response signals, respectively. Because
of the regulation of the electrical signal by illumination, the
biosensor has higher sensitivity for CEA detection under
illumination, and the detection limits were 13.5 and 16.9 fM,
respectively, with IDS and Vth as the response signals.
Multisignal outputs effectively improve the reliability of the
biosensor, and the regulation of electrical signals by light
illumination improves the sensitivity of the sensor for CEA
bioassay, which will contribute to the sensitive and accurate
determination of some trace substances. Compared with other
detection methods, this OFET-based biosensor holds the
advantages of small size, simple operation, and high sensitivity
and reliability, and it is expected to become a high-
performance sensing platform for the detection of various
biological substances.

■ EXPERIMENTAL SECTION
Chemicals and Reagents. Monomer material DPP-38 for

polymer synthesis was purchased from Shenzhen Ruixun
Optoelectronic Material Technology Co., Ltd. 5,5′-Bis-
(trimethylstannyl)bithiophene was purchased from Waljiming
(Beijing) Technology Development Institute. Chlorobenzene
was purchased from Tianjin Yuanli Chemical Co., Ltd. The
chemical reagents used in the experiment were of analytical
grade. Octadecyl trichlorosilane (OTS) was purchased from
Beijing Bailingwei Technology Co., Ltd. Human serum

albumin (HSA), α-fetoprotein (AFP), mouse monoclonal
CEA antibody (anti-CEA antibody), and carcinoembryonic
antigen (CEA) were all purchased from MyBioSource, Inc.
(U.S.A.). The phosphate-buffered solution (PBS) used was
manufactured in the laboratory. Ultrapure water of 18.20 MΩ·
cm was utilized at room temperature.

Experimental Instruments. For evaluating the electrical
characteristics of the prepared organic devices, a 4200-SCS
semiconductor parameter analyzer was utilized. An MLED4-3
LED power-supply device was used to provide an 808 nm light
source. The Fourier transform infrared (FT-IR) spectra before
and after the immobilization of CEA antibody were obtained
by a Vertex70 FT-IR spectrometer. The X-ray photoelectron
spectroscopy (XPS) was executed for the evaluation of
antibody immobilization by a K-Alpha X-ray spectrometer.
AFM images were measured by a Dimension Icon-PT atomic
force microscope (AFM, Bruker) in tapping mode. An NMR
spectrometer (600 MHz, Bruker) was used to carry out the 1H
NMR spectrum.

Synthesis of PDQT Organic Semiconductor. The
polymer PDQT was successfully synthesized by the core
method in the literature32 with a yield of 92.42%. The
Supporting Information includes the detailed experimental
process. The result of 1H NMR spectra (Figure S1) was in
accord with the previously reported result.33 Using trichlor-
obenzene as the eluent, gel permeation chromatography
(GPC) analysis results at 150 °C indicated that the prepared
PDQT polymer was endowed with a number-average
molecular weight (Mn) of 22.79 kDa and a polydispersity
index (PDI) of 2.11 (Figure S2). The fabricated polymer had
good thermal stability, and it was thermally decomposed at
∼400 °C (Figure S3).

Fabrication of the OFET-Based Biosensor. The OFET-
based biosensor was developed on an n+-doped silicon wafer
(capacitance of ∼10.50 nF cm−2) with a thermally grown SiO2
layer (∼300 nm) using the photoelectric active material
polymer PDQT as the organic semiconductor layer. First, the
SiO2/Si substrate was cleaned with piranha solution to remove
the residual organic substances and to hydroxylate the surface.
After oxygen-plasma treatment was performed on the silicon
wafer for 10 min, the OTS monolayer was modified on the
SiO2 surface under OTS solution to increase the hydro-
phobicity of the SiO2 surface. Under the cover of the copper
mask, 30 nm of gold was vacuum-deposited as the gold source
(S) and drain (D) electrode. Then, 5 mg mL−1 PDQT
chlorobenzene solution was spin-coated on the OTS-treated
silicon wafer to form a semiconductor layer. Afterward, the
prepared device was annealed at 150 °C for 10 min to upgrade
the molecular structure of the semiconductor thin film to
obtain a better charge-transport performance. The channel
length and width of this prepared device were 28 and 202 μm,
respectively.
The fabrication process of the OFET-based biosensor is

demonstrated in Scheme 1. The OFET-based device was
fabricated by a simple solution method (I), and then the
PDQT organic semiconductor layer was immersed in 50 μg
mL−1 CEA antibody solution for incubation of 1 h to complete
the CEA antibody immobilization process (II). Then, the
surface was washed with 0.01 × PBS three times to remove
unabsorbed excess CEA antibody. Finally, specific immune
reactions occurred with CEA solutions of different concen-
trations to obtain biosensing signals (III). The control trial of
other substances was the same as step III to confirm that the

Scheme 1. Development of OFET-Based Biosensors for
CEA Assay under Illumination and Darkness: (I)
Fabrication of the OFET Device; (II) Construction of the
Biosensing Platform; and (III) Detection of CEA
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specific CEA antibody immobilized biosensor had a good
selectivity to CEA. In particular, the pH value and ionic
strength of the PBS solution (approximately pH 7.4 and 10
mM, respectively) employed for the preparation of CEA
solutions are similar to the environmental conditions of real
samples of human serum, indicating its potential for medical
detection.34

■ RESULTS AND DISCUSSION
Electrical Performance of the Organic Device under

Dark Conditions. The good electrical properties of the
OFET are the basis of constructing OFET-based biosensors. In
Figure 1, the electrical performance of the device was

characterized without light exposure using the Keithley 4200
SCS semiconductor analysis and test system. A bias gate
voltage (VG) swept from 20 to −20 V to obtain a typical
transfer characteristic curve of an organic semiconductor
device under a constant source-drain voltage (VDS = −20 V)
(Figure 1a). It was estimated from the formula IDS = WμCi(VG
− Vth)

2/2L that the hole mobility of the organic device was
0.291 cm2 V−1 s−1 in the saturation region and its Ion/Ioff ratio
was 5.30 × 107. Among them, IDS represents the saturation
source-drain current, and Ci represents the capacitance of the
SiO2 dielectric. From the approximate linear curve fitting of the
(IDS)

1/2 versus VG in saturation state, it is extrapolated to the
intersection with the x-axis, that is, the Vth value of the device is
obtained when IDS = 0. With the gate voltage change steps of
−5 V, the source-drain voltage swept from 0 to −20 V to
obtain the typical output characteristic curve of IDS versus the
source-drain voltage (Figure 1b), which indicated that the
carrier was in a good charge transfer process in the conductive
channel. This was also verified by the characterization of the
hysteresis curve of the device (Figure S4). The mobility and
Vth of the saturation region changed slightly in the forward and
reverse scanning of VG, which was a similar results to that of
general organic semiconductors.35,36 To further characterize
the operational performance of the device, the electrical
performances of 50 devices were evaluated (Figure 1c and d).
Their average mobility was 0.235 cm2 V−1 s−1, and the

corresponding average Ion/Ioff ratio was 4.61 × 107.
Furthermore, as a biorecognition layer, the stability of organic
semiconductors in air and aqueous solution is very significant.
Owing to the structural characteristics of the diketopyrrolo-
pyrrole (DPP)-based polymer PDQT, the long alkyl chain on
the polymer surface is hydrophobic. In the previous research
studies of our group,24,37 it was demonstrated that DPP-based
polymers used in OFET-based biosensors had stable electrical
properties in air and water phase.

Photoelectric Performance Measurement and Anal-
ysis of the Organic Device. The nature of the photoelectri-
cally active material is the foundation of the photoelectric
performance of the organic device. Figure 2e shows that the

PDQT polymer film exhibited strong absorption in the 700−
900 nm range and near-infrared light had little damage to
biological substances, which was suitable for biological-
substance detection. A light source of 808 nm wavelength
was selected as the excitation light of the organic device, and
the transfer characteristic curve of the device was measured
under different light intensities (Figure 2a). The photocurrent
of the device gradually increased with the increases of light
intensity. The photocurrent was defined as the IDS of the
device obtained from the transfer characteristic curve under
light-illumination conditions. Photosensitivity (P) and photo-
responsivity (R)38 are the main physical quantities used to
evaluate the photoelectric performance of the organic device

Figure 1. Electrical performance of the organic device without light
irradiation. (a) Typical transfer characteristic curve of the organic
device. (b) Typical output characteristic curve with a range of VG
from 0 to −20 V. (c) Mobility inthe saturation region distribution
diagram of 50 devices. The average mobility was 0.235 cm2 V−1 s−1.
(d) Corresponding Ion/Ioff ratio distribution graph of 50 devices. The
average Ion/Ioff ratio was 4.61 × 107.

Figure 2. Characterization of optoelectronic properties of the organic
device. (a) Transfer characteristic curves under different light
intensities (0.108−2.13 mW cm−2) of the 808 nm LED light source.
(b) P versus VG curves under different light intensities (0.108−2.13
mW cm−2) of the 808 nm LED light source. (c) Transfer
characteristic curves (VDS = −20 V) under dark or illumination of
the 808 nm LED light source with 2.13 mW cm−2 intensity. (d)
Curves of (−IDS)1/2 versus VG (VDS = −20 V) under dark or
illumination of the 808 nm LED light source with 2.13 mW cm−2

intensity. (e) UV−vis−NIR absorption spectrum of the PDQT film.
(f) Curves of P and R versus VG (VDS = −20 V) under the
illumination of the 808 nm LED light source with 2.13 mW cm−2

intensity.
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(see the Supporting Information). The photosensitivity (P) of
the device was extracted from the formula P = (ILight − IDark)/
IDark (where ILight represents the IDS of the organic device under
a specific illumination and IDark represents the IDS of the
organic device under dark conditions). With the increases of
light intensity (Figure 2b), the P of the device gradually
increased, showing the modulation effect of illumination on the
current. As can be seen in parts c and d of Figure 2, the
changes of IDS and Vth (red line) under light conditions relative
to IDS and Vth (black line) under dark conditions indicated the
potential of using IDS and Vth as electrical-output signals for
biological-substance detection under illumination. Figure 2f
also describes that, under an illumination intensity of 2.13 mW
cm−2 and a VG of 10 V, the photosensitivity of the device was
the largest, that is, the photocurrent effect was maximized.
Under this condition, the photosensitivity P of the device can
reach 105, and the maximum photoresponsivity was ∼16 A
W−1, which had excellent performance among other organic
devices (Table S1).
Therefore, the IDS curve versus time was measured under the

illumination intensity of 2.13 mW cm−2 when the source-drain
voltage was −20 V and VG was 10 V (Figure S5). IDS showed
almost no change over time, indicating the stability of OFET-
based biosensors under illumination using IDS as the electrical-
output signal within sufficient biological-detection time. Also,
the transfer characteristic curve of the same device was tested
20 times under illumination, from which the changes of its
photosensitivity and threshold voltage (ΔP and ΔVth) were
obtained (ΔVth = VL − VD, where L stands for light conditions
and D stands for dark conditions). The changes were small
among the 20 measurements (Figure S6). These results
showed the stability of the device using IDS and Vth as
electrical-output signals for biological-substance detection
under light-illumination conditions.
Mechanism Explanation of OFET under Illumination

and Darkness Measurements. OFET-based biosensors
have been utilized to detect a variety of biological substances.
Usually those charged biomolecules influenced the electrical
signals by affecting the electronic properties between the
interfaces to achieve label-free detection.39−41 When the pH of
the solution exceeded the isoelectric point of the protein, the
protein was negatively charged. The isoelectric point (pI) of
CEA is 3.40, which is lower than the pH value of the solution
(∼7.40). Therefore, when an antigen−antibody immune
reaction occurred to form an immune complex, more
negatively charged proteins were attached to the biosensing
layer, promoting the generation of more carriers in the
conductive channel due to electrostatic interaction. In the dark
conditions of the OFET technique, the binding of negatively
charged CEA with receptors on the semiconductor surface will
cause the IDS of the organic device to increase and the Vth to
move in the positive direction. Because part of the carriers
were captured by the traps in the channel,42 some of the
electrical-signal changes triggered by biological recognition
were weakened (Figure 3a).
Under the illumination conditions of the OFET technique,

the mechanism can be explained by two aspects: surface charge
effect and the increase of carrier concentration.30 When the p-
type organic semiconductor material with photoelectric activity
was used as the organic semiconductor layer of OFET, after a
certain intensity of light was applied to the OFET, the excitons
in the conductive channel dissociated to produce photo-
generated carriers (holes/electrons) (Figure 3b). Driven by the

internal electric field,43 holes and electrons accumulated at the
drain electrode and the source electrode, respectively, reducing
the hole-injection barrier at the interface between the electrode
and the conductive channel,44,45 thereby indicating higher
channel conductivity (Figure 3c). It was conducive to the
carrier-transmission process induced by biological recognition
and improved the sensitivity of biosensing. On the other hand,
illumination caused the trapped holes in the channel to escape
from the trap and rejoin the carrier-transport process to
increase the carrier concentration caused by biological
combination, increasing the IDS and shifting Vth toward the
positive direction, thereby improving the detection sensitivity
(Figure 3d). Therefore, within the same gate-voltage range, the
photocurrent of OFET increased and the Vth of OFET shifted
toward the positive direction.46,47

Immobilization of CEA Antibody to Form a Biosens-
ing Platform. Through the immobilization of the CEA
antibody on the surface of the biosensing layer, a specific
recognition interface for biosensing was constructed with the
CEA antibody as a biological probe. FT-IR evaluated the
immobilization process of the CEA antibody.30 After the
biosensing layer was immersed in a 50 μg/mL CEA antibody
solution for 1 h incubation to form a specific recognition
interface, the device was dried under nitrogen for FT-IR
measurements. In Figure 4a, the N−H stretching vibration
peak of −NH2 appeared in the wavenumber range of 3000−
3600 cm−1 after the immobilization of the CEA antibody.
Within the wavenumber range of 1000−1500 cm−1, there were
the characteristic peaks of C−O and C−N bonds. Compared
with the spectrum before antibody immobilization, this
demonstrated the successful immobilization process of the
antibody. XPS spectra (parts b and c of Figure 4) measured the
O (1s) and N (1s) elements, respectively, before and after the
antibody immobilization. After the immobilization of the
antibody, the peak intensities of the O (1s) and N (1s)

Figure 3. Mechanism explanation of the OFET-based biosensor
under illumination and darkness. (a) Working principle of OFET-
based biosensor for the detection of CEA in the dark. (b) Generation
of photogenerated carriers of the OFET-based biosensor under light
illumination. (c) Movement of photogenerated carriers in the electric
field. (d) Working principle of the OFET-based biosensor for the
detection of CEA under illumination (light source = 2.13 mW cm−2,
808 nm).
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elements increased significantly, which indicated that protein
rich in O and N (CEA antibody), respectively, adsorbed on the
surface of the biosensing layer, contributing to this
phenomenon. In addition, the morphological characteristics
of the PDQT polymer thin film before and after the
modification of the CEA antibody were observed through an
atomic force microscope (AFM).48,49 AFM height images
(Figure 5a and b) showed that, with the addition of the CEA
antibody, the surface height increased from 22.51 to 30.41 nm,
increasing ∼8 nm, which was close to the size of the CEA
antibody.50 Meanwhile, the root-mean-square roughness of the

organic semiconductor layer (Figure 5c and d) was
significantly increased from 1.04 to 1.83 nm. Therefore, the
OFET-based biosensor successfully constructed a specific
recognition platform for CEA detection to ensure the
effectiveness of the CEA-detection process.

Detection and Analysis of CEA Tumor Marker. The
existence of malignant tumors is one of the crucial factors that
threaten human health.51 CEA, which can be synthesized by
tumor cells and early embryonic tissues, is a protein complex
rich in polysaccharides that is closely related to tumors. Under
normal circumstances, the content of CEA in adults is <5 ng
mL−1.52 For the purpose of exploring the analysis performance
of the OFET-based biosensor under illumination and darkness,
different concentrations of CEA were analyzed by using the
OFET-based biosensor. In this study, the OFET-based
biosensor was developed to detect the changes of IDS and Vth
electrical signals induced by the immune reaction between
antigen and antibody under illumination and darkness,
respectively. Combined with the previous research,29 due to
the large size of the CEA antibody covering the surface of the
organic semiconductor layer, the effective contact area of light
was hindered to a certain extent, thereby reducing the
photosensitivity of the OFET-based biosensor (Figure S7),
but it did not affect the detection process of CEA (Figure S8).
The response signals under illumination of the OFET-based

biosensor were obtained by the following formulas: ΔIDS = (IL
− I0)/I0 and ΔVth = (VL − V0)/V0, and the response signals
under darkness of the OFET-based biosensor were obtained by
the following formulas: ΔIDS = (ID − I0)/I0 and ΔVth = (VD −
V0)/V0, where I0 and V0 were the electrical signals measured
under dark conditions before CEA incubation, ID and VD
represented the electrical signals measured under dark
conditions after CEA incubation, and IL and VL suggested
the electrical signals measured under light conditions after
CEA incubation. For the OFET-based biosensor under
illumination, with the increment of the CEA concentration,
the electrical-signal response triggered by CEA increased
gradually for IDS as the output signal (Figure 6a). In the range
of 0.01−100 ng mL−1, the linear regression equation for the IDS
signal and CEA solution was ΔIDS = 51.44 log[CCEA (ng
mL−1)] + 168.2, accompanied by a linear correlation
coefficient of 0.997. However, in the dark conditions of the
OFET-based biosensor, the linear relationship for the IDS signal
and CEA solution was ΔIDS = 4.24 log[CCEA (ng mL−1)] +
5.35 in the range of 0.1−1000 ng mL−1, accompanied by a
linear correlation coefficient of 0.996 (Figure 6b). Compared
with the IDS response value in the dark conditions, the IDS
response value under illumination was significantly increased,
which effectively improved the sensitivity to detect CEA. Also,
the limits of detection for CEA were 13.5 fM and 0.5 pM
under illumination and darkness conditions, respectively, using
IDS as the output signal.
Similarly, with Vth as the output signal, it also had good

sensing performances for different concentrations of CEA.
Under illumination, in the range of 0.01−100 ng mL−1, the
linear relationship for the Vth response and CEA solution was
ΔVth = 0.53 log[CCEA (ng mL−1)] + 3.16, accompanied by a
linear correlation coefficient of 0.996 (Figure 6c). Under
darkness, the linear relationship for the Vth signal and CEA
solution was ΔVth = 0.18 log[CCEA (ng mL−1)] + 0.35 in the
range of 0.1−1000 ng mL−1, accompanied by a linear
correlation coefficient of 0.995 (Figure 6d). Under illumina-
tion and darkness conditions, the limits of detection for CEA

Figure 4. Characterization of CEA antibody immobilization. (a) FT-
IR spectra characterization of the PDQT organic semiconductor layer
before (black line) and after (red line) CEA antibody immobilization.
(b) XPS spectra characterization of the O 1s peak on the surface of
the PDQT biosensing layer before (red line, bare) and after (blue
line) CEA antibody immobilization. (c) XPS spectra characterization
of the N 1s peaks on the surface of the PDQT biosensing layer before
(red line, bare) and after (blue line) CEA antibody immobilization.

Figure 5. Observation through AFM images of the surface-
morphology changes of the PDQT organic semiconductor layer
before and after the immobilization of the CEA antibody. (a) Before
the immobilization of the CEA antibody, the height image appeared at
a surface height of 22.51 nm. (b) After the immobilization of the CEA
antibody, the height image illustrated a surface height of 30.41 nm.
(c) Characterization of the surface roughness (Rq = 1.04 nm) before
the immobilization of the CEA antibody. (d) Characterization of the
surface roughness (Rq = 1.83 nm) after the immobilization of the
CEA antibody.
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were 16.9 fM and 0.2 pM, respectively, for Vth as the output
signal. Compared with the results of CEA detection under
darkness, the sensitivity of CEA detection under illumination
was improved, which caused greater changes in the electrical
signals of IDS and Vth and was more conducive to the detection
of CEA in low concentration. Moreover, this OFET-based
biosensor endowed biological detection with a multisignal
output function, so that different detection results can be
mutually verified with higher reliability. In the future, sensors
with multiple signal outputs are more conducive to the
reliability of detection results, and it is also another strategy for
researchers to construct innovative types of sensors.
It is worth noting that selectivity is also an important

indicator for evaluating the sensor performance.53 Under the
same experimental conditions, the control experiments of α-
fetoprotein (AFP), human serum albumin (HSA), and 1 ×
PBS further explored the specific recognition immune response
of the OFET-based biosensor for CEA detection. AFP and
HSA at a concentration of 1 μg mL−1 were detected under
illumination (Figure 6e and g) and darkness (Figure 6f and h).
The results showed that, when IDS and Vth were selected as the
response signals, the interference signal was almost negligible
compared with CEA detection. Also, the 1 × PBS blank
control experiment showed a weak response signal. It showed
that the biosensor had acceptable selectivity for CEA detection.
Therefore, the OFET-based biosensor reported in this Article
has a good detection capability for CEA, and the multisignal
output improves the reliability of the biosensor.

■ CONCLUSION

In summary, a new type of OFET-based biosensor was
constructed in this study that used polymer PDQT with good
photoelectric properties as both the photoelectric active layer
and the biorecognition layer for high-sensitivity detection of
CEA under illumination and darkness, respectively. Because
light illumination promoted the transfer process of carriers and
increased carrier concentration in the channel, making it easier
to convert biological signals into higher electrical signals, the

OFET-based biosensor exhibited higher sensitivity for CEA
detection under illumination. The limits of detection were 13.5
and 16.9 fM with IDS and Vth as the response signals,
respectively, under illumination. At the same time, the limits of
detection for CEA detection under darkness were 0.5 and 0.2
pM with IDS and Vth as the response signals, respectively. In
addition, multiple-signal output can be mutually verified, and it
effectively improves the reliability of the biosensors. Therefore,
on the basis of the advantages of small size, low cost, easy
large-area fabrication, and easy integration, the biosensor is
conducive to the high sensitivity and accuracy detection of
some trace substances. This OFET-based biosensor has broad
application prospects in the development of high-performance
sensing platforms.
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