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Intrinsically healing conducting polymer/hydrogel nanocomposite films
and their novel volumetric channel for high-performance, flexible, and
healable organic phototransistors
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ABSTRACT The flexible organic phototransistors (OPTs) are
crucial for next-generation wearable systems for applications
where large mechanical deformation is involved. However,
most of the reported OPTs utilizing the field-effect transistor
(FET) architecture suffer from undesired mechanical flex-
ibility and limited performance due to their interfacial charge
transport and inherently low transconductance; moreover,
their π-conjugated semiconductor polymers that serve as
channels lack specific healing sites, making it difficult to in-
trinsically heal themselves. Herein, a more flexible and high-
performance OPT with enhanced interfacial charge transport
via novel volumetric channel and strong healing capability is
developed for the first time. This OPT utilizes an organic
electrochemical transistor architecture that consists of in-
trinsically healing conducting polymer/hydrogel composite
films with three-dimensional volumetric channels. Such de-
vices not only efficiently restore their mechanical and elec-
trical performance in 100 ms after undergoing severe damage
but also exhibit excellent mechanical flexibility without ob-
viously degraded performance. More importantly, the self-
healing OPTs exhibit high performance with a responsivity as
high as 1.01 × 105 A W−1, detectivity of 1.75 × 1012 Jones, and
high external quantum efficiency of 3.03 × 104%, higher than
those of the majority of the reported FET-based OPTs. All of
these results indicate that these novel and intrinsically self-
healing OPTs with volumetric channels are ideal for use in
next-generation wearable devices.

Keywords: electrochemical transistor, interface, phototransistor,
healing, volumetric channel, flexibility

INTRODUCTION
To meet the increasing demands for next-generation wearable
optoelectronic devices and systems, an ideal flexible organic
phototransistor (OPT) is required to have good stretchability,

flexibility, and high photoresponse when undergoing repeated
mechanical bending operations [1–4]. OPTs have been widely
utilized in many industrial and military fields, including bio-
medical sensors, optical communication, and night vision [5–
10]. Considerable efforts have been currently devoted to
improving the mechanical flexibility and softness of organic
materials for developing highly flexible OPTs [3,11–16]. How-
ever, the intrinsic characteristics of the device (including the
interface, working mechanism, and transconductance) that are
also crucial factors for determining the mechanical flexibility
and electronic performance of the entire device have rarely
received attention.

To date, most of the reported OPTs have been based on the
field-effect transistor (FET) architecture [17–19], where their
charges are accumulated and transported within the first few
monolayers of the semiconductor film at the dielectric/semi-
conductor interface [19]. This feature makes charge transport
susceptible to the cracks inside the channel that were formed
when undergoing repeated mechanical bending, largely dete-
riorating their flexibility and, thus, optoelectronic performance.
Improving the charge transport at the dielectric/semiconductor
interface is important for achieving high-performance OPTs.
Meanwhile, FET-based OPTs suffer from limited transconduc-
tance values of several microsiemens because their charge
transport only occurs at the dielectric/semiconductor interface,
which results in low device capacitance [20]. Transconductance
is an important parameter that directly determines the capability
of OPTs to amplify the incident light and its change after illu-
minating [21]. Therefore, the performance improvement of
OPTs based on FETs is significantly impeded by their two-
dimensional (2D) charge transport property. Compared with
that in FETs, charge accumulation and transportation in organic
electrochemical transistors (OECTs) occurs over the entire
volumetric channel (3D channel), leading to their larger device
capacitance and thus ultrahigh transconductance [22,23]. In this
respect, OECTs have higher transconductance values by a few
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millisiemens than organic electrolyte-gated transistors [24–26],
through which biological sensors and electrophysiological
recorders based on OECTs achieve higher sensitivity than those
based on FETs because of their higher inherent amplification
function that enables them to amplify small signals [27–30].
However, the use of OECT device systems with high transcon-
ductance values and novel volumetric channels to construct
OPTs has rarely been investigated, which is particularly pro-
mising for improving their optoelectronic performance and
flexibility.

Self-healing is a crucial feature in natural biological systems,
through which organs and tissues can spontaneously repair
themselves after undergoing damage [31,32]. Therefore, another
alternative to further improve the mechanical flexibility of OPTs
is rendering them with self-healing capability that enables them
to recover damaged areas instead of preventing them. Self-
healing electronic devices based on self-healing materials can
recover both mechanical and electronic performance from
severe damage by reforming the reversible hydrogen bond, ionic
interaction, and metal–ligand interactions [1,33–35], thereby
significantly enhancing the robustness, flexibility, and durability
of these devices and extending their working life [35]. However,
OPTs capable of intrinsically self-healing themselves without
adding healing agents under mechanical damage have yet to be
realized because their π-conjugated semiconductor polymers
lack specific bonding sites, including ionic bonding, reversible
covalent bonding, and hydrogen bonding (mainly with relatively
weak van der Waals interaction, <10 kcal mol−1) [36].

In this study, we develop an intrinsically healing and biode-
gradable phototransistor with a novel volumetric channel based
on CdSe/ZnS-poly(3,4-ethylenedioxythiophene):poly(styr-
enesulfonate) (PEDOT:PSS)/hydrogel composite coatings to
further improve the flexibility and optoelectronic performance
of OPTs. PEDOT:PSS and ionic hydrogel films exhibit strong
healing capability upon mechanical damage via the reformation
of the dynamic hydrogen bonds and electrostatic force. Notably,
the CdSe/ZnS-PEDOT:PSS/hydrogel composite films can also be
dissolved in water, exhibiting their biodegradability. OPTs fab-
ricated from these materials can be repaired and thus restore
their optoelectronic performance after cutting and healing.
Furthermore, the self-healing OPTs exhibit high performance in
terms of a responsivity as high as 1.01 × 105 A W−1, detectivity of
1.75 × 1012 Jones, and high external quantum efficiency (EQE) of
3.03 × 104%. This study opens up the possibility of the appli-
cation of OECTs in self-healing, highly sensitive, and flexible
photodetectors.

EXPERIMENTAL SECTION

Material preparation and characterization
The ionic hydrogel was first prepared by dissolving 333 mg
(lithium bis(trifluoromethane)sulfonamide (LiTFSI); >99%;
Sigma-Aldrich) and 1.34 g carboxylated chitosan (Aladdin) in
5 mL deionized (DI) water. Then, the solution was stirred at
50°C for 5 h to form a clear, homogeneous, and viscous gel. The
CdSe/ZnS-PEDOT:PSS solution was prepared by mixing cad-
mium selenide/zinc sulfide-alloyed quantum dots (CdSe/ZnS
QDs; 5 mg mL−1; Suzhou Xingshuo Mesolight Co., Ltd.) with
PEDOT:PSS (Clevios PH1000, Heraeus Holding GmbH) at a
weight ratio of 3:7. The morphological characterization of the
CdSe/ZnS-PEDOT:PSS blend solution was conducted via

transmission electron microscopy (TEM, Tecnai G2F20). The
optical morphology images were acquired by a fluorescence
microscope (BX51M, Olympus). The thickness of the films was
determined using the Alpha-Step D-600. The optical absorption
spectra measurements were recorded by the Cary 300 ultravio-
let–visible spectrometer (UV–vis; Agilent Technologies). The
Physical Electronics Model 5400 electron spectrometer (Thermo
Scientific ESCALAB 250) was used to record the ultraviolet
photoelectron spectra (UPS).

Self-healing conditions and tests
For the self-healing tests, the films were cut using a razor blade,
with the cut widths ranging between 1 and 50 μm. Then, the
damaged films were healed by dropping approximately 5 μL of
DI water to cover the damaged area. Consequently, the healed
films were placed on a 60°C hot plate for 60 s to remove DI
water. Finally, the morphology and optoelectronic performance
of the healed films and OPTs were further characterized and
tested.

Device fabrication and analysis
The polyethylene (PET) with indium tin oxide (ITO) substrates
were cleaned through an ultrasonic bath in acetone, isopropanol,
and DI water for 15 min and dried using nitrogen gas. After-
ward, the PET with ITO substrates were blade-coated with ionic
hydrogel at a blade gap and velocity of 300 μm and 15 mm s−1,
respectively. Then, the deposited film was annealed in an oven at
50°C for 24 h. Subsequently, the CdSe/ZnS-PEDOT:PSS film was
prepared by spin-coating with a spin rate of 2000 r min−1 in the
hydrogel film and annealed at 120°C for 1 h. Finally, the Au
source and drain electrodes (the thickness of 50 nm) were fab-
ricated by thermal evaporation through a shadow mask with a
channel length of 30 μm and a channel width of 1000 μm. The
electrical performance of the device was measured by the
Keithley 4200A SCS parameter analyzer in air. The monochro-
matic light with adjustable power intensity was derived from a
300-W wavelength-adjustable xenon lamp source (Beijing NBET
Technology Co., Ltd., Omno302).

RESULTS AND DISCUSSION

Device architecture and its functional layer chemical structures
Fig. 1a shows the 3D device architecture diagram of the
intrinsically healing and flexible OPTs. Their detailed fabrication
process is presented in the EXPERIMENTAL SECTION. The
active layer consists of the CdSe/ZnS QDs and PEDOT:PSS
hybrid where the water-soluble CdSe/ZnS QDs are regarded as
the photo-absorbing materials and PEDOT:PSS serves as a car-
rier transport channel. The optimized weight ratio of PEDOT:
PSS and CdSe/ZnS is set as 7:3 because this hybrid not only
ensures sufficient light absorption but also efficiently provides a
charge transport channel and healing volumetric component,
ensuring that a high optoelectronic and self-healing performance
is achieved in self-healing OPTs. To characterize the morphol-
ogy of the CdSe/ZnS-PEDOT:PSS hybrid, high-resolution TEM
was conducted, as shown in Fig. 1b. The CdSe/ZnS QDs are
uniformly dispersed in the PEDOT:PSS matrix, which is also
confirmed by the obvious elemental peaks of Cd, Se, Zn, and S
detected from CdSe/ZnS-PEDOT:PSS hybrid film (Fig. 1c). To
realize a self-healing electrolyte layer, hydrogels consisting of
chitosan and LiTFSI are selected because of their healing
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characteristics resulting from reversible hydrogen bonding.
Their chemical structures are illustrated in Fig. 1d, e.

Healing property of conducting polymer/hydrogel composite
films
To examine the healing capacity of the CdSe/ZnS-PEDOT:PSS
channel and hydrogel in OPTs, the fresh CdSe/ZnS-PEDOT:

PSS/hydrogel composite films were completely cut by a razor
blade, as shown in Fig. 2e. A cut interface with a gap of
approximately 40 μm was detected, and its area was larger than
the thickness of the composite film (approximately 700 nm, as
shown in Fig. S1) and comparable to the channel area of the self-
healing OPTs, which is an obstacle to realizing an efficient self-
healing process. Subsequently, the gap in the composite films

Figure 1 (a) Device architecture of the healing OPTs based on CdSe/ZnS-PEDOT:PSS/hydrogel/ITO/PET (top) and schematic of CdSe/ZnS QDs (bottom).
(b) High-resolution TEM image of the CdSe/ZnS-PEDOT:PSS hybrid. (c) Energy dispersive X-ray spectroscopy elemental spot of the CdSe/ZnS-PEDOT:PSS
layer. (d–f) Chemical structures of PEDOT:PSS and hydrogel.

Figure 2 (a–c) Schematic of the water-induced healing process in the CdSe/ZnS-PEDO:PSS/hydrogel composite films and (d–f) the corresponding optical
images. Scale bar: 200 μm.
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was largely healed by dropping approximately 5 μL of DI water
to cover the damaged area, as shown in Fig. 2b, f, confirming the
efficient healing process of the CdSe/ZnS-PEDOT:PSS/hydrogel
composite films by water. Moreover, the healing processes of
hydrogel-only and CdSe/ZnS-PEDOT:PSS-only films were
observed, as shown in Figs S2 and S3, respectively, indicating
their healing capabilities.

To obtain insights into the healing process of the composite
film, dynamic electrical breakdown healing experiments were
performed at a constant voltage of 1 V, followed by cutting the
film with a razor blade and healing with DI water, as shown in
Fig. 3a. When the CdSe/ZnS-PEDOT:PSS/hydrogel composite
films were severely damaged, the conductivity of the films
sharply declined from the original value of 10−3 to 10−9 A under
ambient conditions. Once the cut interface was in contact with
DI water, the conductivity of the films immediately recovered to
10−4 A with a rapid healing time of approximately 100 ms
(Fig. 3b), which indicated that the damaged films had been
successfully healed by DI water. To further verify the reliability
and reproducibility of the water-induced healing process, the
cutting/healing experiments at different locations were repeated
six times, as shown in Fig. S4. Notably, the current was stabilized
when conducting the first cutting/healing cycle, indicating that
the CdSe/ZnS-PEDOT:PSS/hydrogel composite films have effi-
cient and reliable healing capability. Moreover, the conductivity
of the composite films slightly decreased after healing, which was
attributed to the slight destruction of the composite films by DI
water during the healing process because of their water-soluble
property. However, the CdSe/ZnS-PEDOT:PSS/hydrogel com-
posite films show relatively good reliability and reproducibility
because of the small amount of DI water (approximately 5 μL)
needed to repair the composite films and the subsequent
annealing to remove DI water, which minimizes the destruction
of the composite films by DI water. Furthermore, the CdSe/ZnS-
PEDOT:PSS/hydrogel composite films were easily biodegraded
when the amount of DI water was continually increased to
500 μL to overwhelm the entire film, as shown in Fig. S5. Bio-
degradability is also an important biomimetic capability of next-
generation wearable optoelectronic devices and systems, and it
can significantly reduce the increment in electronic waste [37].

Healing properties and flexibility of phototransistors based on
composite films
The intrinsically healing and flexible OPTs based on CdSe/ZnS-

PEDOT:PSS/hydrogel composite films were fabricated and
investigated, as shown in Fig. 4, in which the devices consisted of
an organic channel (CdSe/ZnS-PEDOT:PSS) that was in direct
contact with a solid electrolyte (chitosan:LiTFSI) and PET/ITO
that served as a flexible substrate and the gate electrode. The self-
healing OPTs were configured with a channel length L of 30 μm
and a width W of 1000 μm. When the device channel was
scratched using a razor blade, the damaged area could be
observed in Fig. 4a. The representative transfer property char-
acterizing transistor performance is illustrated in Fig. 4e, in
which the channel current (IDS) of the damaged OPTs cannot be
regulated by the gate voltage, and its value only reached a cur-
rent of 10−9 A, indicating that the channel suffered from severe
cracking. By contrast, the healed OPTs exhibited a depletion-
type representative controlled gate transistor property, which is
the same as the initial device before cutting, as shown in Fig. 4d,
indicating the efficient healing of the damaged channel and
hydrogel film (Fig. 4c). Meanwhile, a high transconductance
value of 4 mS was achieved, which is important for realizing
high-responsivity OPTs. All of these results indicate that the
OPTs using healable CdSe/ZnS-PEDOT:PSS/hydrogel composite
films have an efficient healing capability. Furthermore, the
mechanical properties of the flexible OPTs were investigated.
Fig. S6 shows the photograph of OPTs under a bending state.
The flexible devices showed similar electrical performance in
terms of the transfer and transconductance characteristics before
and after bending with a bending radius of 18 mm, as shown in
Fig. S7a. To obtain more insights, when the bending time was
increased to 500 times with a bending radius of 18 mm, the peak
transconductance and on-state current of the device still retained
high values of 3.0 mS and 0.85 mA, respectively, which are over
85% of their original values (Fig. S7b). These results indicate that
the self-healing OPTs have strong endurance and mechanical
robustness, which are attributed to both the inherently flexible
PEDOT:PSS/hydrogel composite films and the volumetric
charge transport property of the device that makes charges less
affected by the interfaces and cracks inside the channel during
mechanical bending (Fig. S13d).

Photoelectric performance of healing phototransistors
The photoelectric characteristics of the self-healing OPTs are
further measured and investigated after cutting and healing.
Fig. 5a shows the absorption spectra of the CdSe/ZnS QDs film
in the UV–vis range, and the QDs exhibit strong UV light

Figure 3 (a) Dynamic electrical measurements of the CdSe/ZnS-PEDOT:PSS/hydrogel composite films during the entire healing process. (b) Time-
dependent transient current response of the composite films when uptaking water.
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absorption. Fig. 5b shows the schematic of the healed OPTs
working under 365-nm illumination. The device transfer prop-
erty was achieved under different UV light (365 nm) intensities
ranging from 5 to 1000 μW cm−2, as shown in Fig. 5c. Compared
with the transfer curves obtained under dark conditions, obvious
shifts in the transfer curves toward the positive voltage were
observed when illuminated with 365-nm light because of the
injection of the photo-generated holes into the PEDOT:PSS
channel. Meanwhile, as the incident light intensity increased, the
output current and photocurrent were significantly enhanced
(Fig. S8), which indicated that the OPTs had recovered and
maintained their photodetection function after healing.

To further evaluate the photosensitivity performance of self-
healing OPTs, responsivity (R), and detectivity (D*), which are
two important figures of merit, can be calculated using the fol-
lowing equations [38]:

R
I I

P S
I

P S= = , (1)light dark ph

D
S f

* = NEP , (2)

i
RNEP = , (3)n

2

where Ilight and Idark are the current under light illumination and
dark conditions, respectively, P is the optical power intensity, S
is the effective working area of the devices, ∆f is the bandwidth
of the device, NEP is the noise equivalent power, and i( )n

2 1/2
is

the root-mean-square value of the noise current. Fig. S9 shows
the actual noise current of 109 A Hz1/2 acquired from a lock-in
amplifier to accurately evaluate the value of D*. Fig. 5d shows
the gate-voltage-dependent R, and the values of R and D*

decrease with the increase in the light intensity because of the
enhanced photocarrier recombination at higher light power
intensity, as shown in Fig. 5e. The resulting R and D* as high as
1.01 × 105 A W−1 and 1.75 × 1012 Jones, respectively, corre-
sponding to an EQE of 3.03 × 104% (Fig. S10), were achieved
when the light power intensity was as low as 5 μW cm−2. A
detailed comparison of the key performance parameters of the
reported UV light OPTs is summarized in Table S1, in which the
performance of OPTs based on OECT considerably exceeds
most of the reported FET-based OPTs for UV detection under
low operating voltage [7,8,39–43]. The time-dependent photo-
response behavior of the self-healing OPTs was further investi-
gated by periodically turning the light illumination on and off, as
shown in Fig. 5f. The devices exhibited highly stable and
reproducible characteristics under light switching and modula-
tion and relatively fast photoresponse speed, in which the rise
and fall times were determined to be 0.10 and 0.24 s (Fig. 5g),
respectively. Fig. 5h shows the corresponding energy level dia-
grams of CdSe/ZnS QDs, PEDOT:PSS, and Au obtained using
UV–vis and UPS (Figs S11 and S12) and from the literature [44].
The type II band alignment between CdSe/ZnS QDs and PED-
OT:PSS favorably enables the photo-generated charge to sepa-
rate because the large band offsets can induce a strong built-in
field [44]. A mass of the photo-generated excitons was generated
in the CdSe/ZnS QDs when illuminated by the 365-nm incident
light. Consequently, these excitons were rapidly dissociated at
the heterojunction interface, and the photo-generated holes were
transferred to the PEDOT:PSS channel via the potential bias and
built-in field, whereas the photo-generated electrons were left
behind in the CdSe/ZnS QDs, thereby forming photocurrent and
enhanced output current, as shown in Fig. 5i.

Based on the self-healing OPTs photosensing mechanism, the

Figure 4 (a–c) Optical images of the healing and flexible OPTs based on the CdSe/ZnS-PEDO:PSS/hydrogel composite films before cutting and after healing
on the channel. Scale bar: 100 μm. (d, e) Transfer and transconductance curves of the fresh, damaged, and healed devices.
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reasons for the high optoelectronic performance in terms of
responsivity, detectivity, and EQE are explained. First, because
of their high transconductance value, the incident light served as
an additional gate that can regulate the charge density in the
PEDOT:PSS channel and amplify the light signal into the
detected output current, thus enhancing the photocurrent [21].
More importantly, because of their volumetric charge transport
property, the dissociated photo-generated holes could be directly
transported to the drain electrode without transferring to the
semiconductor/dielectric interface, as shown in Fig. S13,
resulting in the increased density of the photo-generated holes in
the PEDOT:PSS channel and the enhanced output current.
Therefore, the high optoelectronic performance of the self-
healing OPTs is attributed to the high transconductance and
volumetric charge transport, which amplify the light signal into
the electronic current and simultaneously increase the density of
the photo-generated holes in the channel significantly, thereby
enhancing the photocurrent and ultimately improving the

responsivity, detectivity, and EQE.

Healing mechanism of the phototransistors based on composite
films
Finally, the healing mechanism of the self-healing OPTs using
CdSe/ZnS-PEDOT:PSS/hydrogel composite films was investi-
gated. The healing capability of the CdSe/ZnS-PEDOT:PSS
channel is mainly determined by the PEDOT:PSS component.
The PEDOT:PSS film comprises a large number of PEDOT:PSS
grains that contain conductive PEDOT-rich cores and insulating
PSS-rich shells, as shown in Fig. 6b (top), in which the PEDOT:
PSS grains are connected through the dynamic hydrogen bonds
on the sulfonate groups (R-SO3

−) of the PSS shells and the
electrostatic force between PEDOT and PSS chains [45,46].
Water uptake, which induced the swelling of the PSS chains
resulted from the hydrophilic feature, plays a critical role in
healing the PEDOT:PSS film [47]. Once the PEDOT:PSS film
was mechanically damaged, its water uptake capability enabled

Figure 5 (a) Absorption spectrum of the CdSe/ZnS QDs film. (b) Schematic illustration of the self-healing OPT working under UV light illumination.
(c) Transfer characteristic curves under dark and UV light (365 nm) illumination conditions with different incident UV light intensities. (d) Responsivity as a
function of the gate voltage at different UV light intensities. (e) Responsivity and detectivity of the device as a function of incident UV light intensity. (f) Time-
dependent photoresponse of the device under UV light illumination. The power intensity is 1000 μW cm−2. (g) A single modulation cycle. The rise and fall
times are 0.1 and 0.24 s, respectively. (h, i) Energy level and UV-light-induced photocurrent mechanism diagrams of the self-healing OPT.
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the rapid volumetric swelling and spreading of the PSS chains
toward the damaged site after uptaking water. Meanwhile, the
spreading of the PSS chains enabled the diffusion of the PEDOT
chains into the damaged area because PEDOT and PSS chains
are entangled with each other [48], followed by the reformation
of the dynamic hydrogen bonds, electrostatic force, and PED-
OT+-PEDOT+ conducting path across the damaged area, as
shown in Fig. 6c (top). Thus, the PEDOT:PSS film with incision
was efficiently healed and restored its electrical performance. For
the ionic hydrogel film, the chitosan chains were interconnected
by the hydrogen bonds benefiting from the abundant carboxyl
and hydroxyl groups on the chitosan backbones [49]. The DI
water not only provided additional hydrogen bonds as a bridge
across the damaged area but also increased the mobile chitosan
chains. Ultimately, the reformation of the hydrogen bonds and
coulombic force between Li+ and [TFSI]− ions contributed to
healing of the damaged ionic hydrogel film, as shown in Fig. 6c
(bottom) [50,51].

CONCLUSIONS
In summary, intrinsically healable, high-performance, and flex-
ible phototransistors with strong healing capability were devel-
oped using the healing PEDOT:PSS channel and ionic hydrogel
electrolyte. The self-healing OPTs can restore their mechanical
and electronic performance and maintain high optoelectronic
functionality upon severe damage from blade cutting. The
volumetric swelling feature of PSS− chains mainly contributes to
the healing of the CdSe/ZnS-PEDOT:PSS channel through the
reformation of the dynamic hydrogen bonds, electrostatic force,
and PEDOT+-PEDOT+ conducting path across the damaged

area. Meanwhile, the dynamic hydrogel bonds and coulombic
force between Li+ and [TFSI]− ions can be reformed to repair the
damaged ionic hydrogel film and thus restore its mechanical and
electronic properties. Moreover, the CdSe/ZnS-PEDOT:PSS/
hydrogel composite films can be dissolved in water, exhibiting
their biodegradability. Furthermore, the self-healing OPTs
exhibit excellent responsivity as high as 1.01 × 105 A W−1, spe-
cific detectivity of 1.75 × 1012 Jones, and high EQE of up to 3.03
× 104% at an operating voltage of only 0.5 V, which considerably
exceed the values of most the reported OPTs using the FET
architecture for UV detection. The high optoelectronic perfor-
mance of the self-healing OPTs is attributed to the high trans-
conductance and volumetric charge transport, which amplify the
light signal into the electronic current and simultaneously
increase the density of the photo-generated holes in the channel
significantly, thereby enhancing the photocurrent. Our findings
provide a facile, low-cost, and effective device system to develop
an intrinsically healing, degradable, and high-performance
phototransistor for next-generation optoelectronic devices.
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本征可修复的导电聚合物/水凝胶纳米复合薄膜及其
独特的体沟道用于实现高性能、柔性和可修复的有
机光电晶体管
严育杰1,2†*, 朱晓婷3†, 张国成4, 汪秀梅5, 韩笑1, 李伟洲1, 孙东亚1,
李月婵1, 王义1, 谢安1*, 陈惠鹏2*

摘要 柔性有机光电晶体管(OPTs)在大机械形变的下一代可穿戴系统
中至关重要. 然而, 目前报道的大多数OPTs都是场效应基结构, 其界面
电荷传输和本征低跨导的特性限制了OPTs的机械柔性和光电性能的
发展. 此外, 沟道层的p共轭半导体聚合物也缺乏特殊的可修复位点, 使
其很难实现薄膜的自我修复功能. 本文报道了一个具有独特体沟道和
强修复功能的柔性高光电性能的OPTs. 该OPTs使用有机电化学晶体
管架构, 由3D体沟道的可修复导电聚合物/水凝胶复合薄膜组成. 该器
件不仅在遭受损伤后能够在100 ms内有效恢复其机械和电学性能, 同
时还展现出出色的机械柔性. 更重要的是, 该器件实现了紫外光波段的
高光测性能 , 其中光响应度高达1 .01 × 10 5 A W− 1 , 探测率达
1.01 × 105 A W−1, 外量子效率达3.03 × 104%. 结果表明, 具有独特体沟
道和本征可修复功能的OPTs在下一代可穿戴电子器件的使用中具有
潜在应用价值.
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