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Vertical-Structure Overcomes the Strain Limit of Stretchable
Organic Electrochemical Transistors

Shilei Dai, Xinran Zhang, Xu Liu, Xinyu Tian, Binbin Cui, Ivo Pang, Haixuan Luo,
Dingyao Liu, Xuecheng He, Xiaonan Chen, Junyao Zhang, Zhongrui Wang, Jia Huang,*
and Shiming Zhang*

Intrinsically stretchable organic electrochemical transistors (IS-OECTs),
utilizing organic mixed ionic-electronic conductors (OMIECs) as their channel
materials, have drawn great attention recently because of their potential to
enable seamless integration between bioelectronic devices and living
systems. However, the fabrication of IS-OECTs presents challenges due to the
limited availability of OMIEC materials that possess the desired combination
of mechanical and electrical properties. In this work, 1) we report the first
successful fabrication of a vertical intrinsically stretchable OECT (VIS-OECT),
achieved by using elastoadhesive electrodes; 2) we experimentally proved that
vertical architecture can push the strain limit of an IS-OECT from 20% to 50%;
and 3) the above finding introduces an unconventional design concept: the
strain limit of an IS-OECT can surpass the intrinsic stretchability of the
constituent OMIECs by employing vertical structure.

1. Introduction

Organic electrochemical transistors (OECTs) have garnered sig-
nificant attention due to their ability to convert ionic signals
to electronic signals within an organic mixed ionic-electronic
conductor (OMIEC) channel.[1–4] These transistors benefit from
OMIECs’ unique properties, such as efficient ion-electron cou-
pling and high volumetric capacitance, leading to low-voltage op-
eration (<1 V), high transconductance (Gm),[5–8] and allowing sig-
nal amplification on-site.[9,10] These distinctive characteristics
make OECTs a competitive technology for various applications
such as biosensors[11–17] and neuromorphic computing.[18–24]
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To fully unlock the potential of OECTs
for skin-interfaced biosensing and bio-
computing applications, achieving tissue-
like stretchability is paramount.[25–30] This
ensures a seamless OECT-tissue inter-
face, reducing mechanical-incompatibility,
alleviating wearing discomfort, and ulti-
mately facilitating high-fidelity signal de-
tection, transduction, and processing.[29–32]

So far, the fabrication of stretchable
OECTs (S-OECTs) poses notable hurdles
because there is a scarcity of OMIECs
with the requisite blend of mechani-
cal and electrical properties. Poly(3,4-
ethylenedioxythiophene) polystyrene sul-
fonate (PEDOT: PSS), widely recognized
as the “silicon material” for OECTs, owns
an intrinsical stretchability of less than 5%
when processed into thin films.[33,34] To

tackle this challenge, extensive research has been
conducted.[35–37] Zhang et al., demonstrated the first S-OECTs
using a pre-stretched polydimethylsiloxane (PDMS) substrate.
The device showed a modest Gm of 0.6 mS (channel width
normalized Gm (i.e., Gm, w) of 0.3 mS mm−1) at 30% strain.[35]

Marchiori et al. introduced laser-patterned metallic interconnec-
tions featuring serpentine structures for S-OECTs, showcasing
peak drain currents of 2.8 mA in the unstretched state and
0.2 mA under a 38% strain.[36] More recently, porous semicon-
ductors with biaxially pre-stretched substrates have also been
employed to realize S-OECTs, demonstrating a Gm of 3 mS
(Gm, w = 120 mS mm−1) within 104 stretching cycles.[37]

Intrinsically stretchable OECTs (IS-OECTs), featured with high
mechanical robustness, were developed in 2019 by precisely con-
trolling the thickness and morphology of both the PEDOT: PSS
channel and electrodes on an elastic substrate.[26] The resulting
IS-OECT maintains consistent electrical performance within a
30% strain range, with a maximum Gm of 200 μS (Gm, w = 0.1
mS mm−1). Given the limited intrinsic stretchability of PEDOT:
PSS thin films, material engineering (e.g., blending with surfac-
tants) is introduced, which may sacrifice the material’s electrical
performance.[38] In more recent developments, Liu et al. signif-
icantly improved the performance of PEDOT: PSS IS-OECTs by
using low-oxygen permeable elastomers as substrates.[39]

Despite the aforementioned progress, the field of S-OECTs,
particularly IS-OECTs, remains in its infancy, requiring further
studies for continued advancement. Among many challenges,
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Figure 1. Comparison between VIS-OECTs and IS-OECTs. a) Schematics of the IS-OECTs and their 2D conductive pathways in (i) the original state and
(ii) the stretched state. b) The schematic shows the transfer curves of the IS-OECTs. c) Schematics of the VIS-OECTs and their 3D conductive pathways
in (iii) the original state and (iv) the stretched state. d) The schematic shows the transfer curves of the VIS-OECTs.

a key one lies in how to improve the intrinsic stretchability of
IS-OECTs without compromising the electrical properties of the
channel material.

Here, we report vertical IS-OECTs (VIS-OECTs), offering a so-
lution to simultaneously enhance stretchability and Gm of OECTs
through structural design, without compromising the other prop-
erties of the channel (Figure 1). Different from traditional struc-
ture design such as buckling or wavy methods, our approach
incorporates 3D structural design into an intrinsically stretch-
able device. The channel is vertically stacked between the source
and drain (S/D) electrodes, contrasting with traditional planar
IS-OECTs. The resultant VIS-OECTs showed enhanced stretch-
ability up to 50% strain without compromising electrical perfor-
mance. In contrast, the planar-structured devices can only with-
stand a strain of less than 20%. Moreover, the VIS-OECTs out-
perform previously reported IS-OECTs in terms of Gm, showing
over 100 times improvement (≈20 vs ≈0.2 mS). The simultane-
ous enhancements in both strain limit and Gm make VIS-OECTs
a new device paradigm for broad tissue-interfaced bioelectronic
applications.

2. Results and Discussion

2.1. Design of the VIS-OECTs

The limited stretchability of OMIECs, e.g., PEDOT: PSS, when
forming planar-structure IS-OECTs, often results in device fail-
ure due to the formation of significant cracks perpendicular to
the stretching direction within the OMIEC film (Figure 1a,b).
These cracks disrupt the planar conductive pathway between the
S/D electrodes. Since the cracks only stop current flow in the 2D
plane, not 3D, we thus hypothesize that positioning the channel
3D, vertically between S/D electrodes, should mitigate the effect
of strain on the device performance (Figure 1c,d).

To fabricate VIS-OECTs, challenges were encountered. First,
the S/D electrodes used in VIS-OECTs should possess a blend of
chemical inertness, high stretchability, and conductivity. Second,
the preparation process for these stretchable electrodes should
be easily achievable and compatible with the manufacturing pro-

cesses of the 3D vertical structure. Third, the formation process
of the 3D vertical structure should be compatible with the or-
ganic and elastic substrates. We tackled the electrode challenges
by thermal evaporating of gold (Au) on the styrene-ethylene-
butylene-styrene (SEBS) thermoplastic elastomer, creating an in-
terpenetrating layer within the surface of the self-adhesive SEBS.
Consequently, the VIS-OECTs are established by transferring the
Au-SEBS strip electrode onto the top of the OMIEC film, result-
ing in a sandwich structure of SEBS-Au/OMIEC/Au-SEBS. The
transfer process is compatible with the elastic substrate and easily
forms the 3D vertical channel structure without requiring com-
plicated manufacturing processes.

2.2. Fabrication of the VIS-OECTs

The process flow to fabricate VIS-OECT is shown in
Figure 2a. The fabrication begins with the deposition of stretch-
able microcrack-Au electrodes on a SEBS substrate. During
thermal evaporation of Au, the SEBS substrate was heated to 85–
95 °C, significantly surpassing the glass transition temperature
(Tg) of the hard polystyrene segments (Tg = 50–70 °C) of SEBS,
making the electrodes elastoadhesive[40] Consequently, SEBS
was sufficiently softened, producing highly mobile polymer
chains, thus enabling Au atoms to penetrate into SEBS and
form a biphasic interface with SEBS.[41] We conducted a thor-
ough investigation into the stretchability of the microcrack-Au
electrode, as depicted in Figure S1 (Supporting Information).
The results showed that the microcrack-Au can be stretched to
100% strain while still maintaining an excellent conductivity
(Figure S1a, Supporting Information). Moreover, the electrode
can endure 100% strain over 100 cycles without major deteriora-
tion in conductivity (Figure S1b, Supporting Information). The
remarkable stretchability and conductivity of the microcrack-Au
electrode can be attributed to the formation of an interpene-
trating layer with SEBS.[41] This layer plays a pivotal role in
mitigating extensive crack formation, as illustrated by optical
images (Figure S2, Supporting Information). We further studied
the chemical stability of evaporated Au on the SEBS substrate
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Figure 2. Fabrication and characterization of the VIS-OECTs. a) Fabrication process flow of the VIS-OECTs. b) The transfer curves, c) the output curves,
and d) the transient responses of the VIS-OECTs. The cyclic transient behavior of the VIS-OECTs was measured by pulsing the VGS from 0.6 to −0.4 V
for 50 cycles at a fixed VDS of −0.6 V.

using cyclic voltammetry (CV). As depicted in Figure S3 (Sup-
porting Information), the microcrack-Au on the SEBS substrate
exhibited comparable electrochemical performance to that of
conventional Au electrode. Next, the PEDOT: PSS channel was
formed by spin-coating formulated PEDOT: PSS suspension
on microcrack-Au, followed by annealing at 120 °C for 40 min.
Assembling of the VIS-OECT is finalized by transferring the
microcrack-Au/SEBS strip electrode onto the PEDOT: PSS
channel. To improve the adhesion between the top electrode and
the bottom SEBS substrate, the assembled device was heated
to 100 °C for 40 min. This annealing temperature significantly
exceeds the Tg of the hard polystyrene segments of SEBS, thus
improving adhesion between the elastoadhesive Au/SEBS elec-
trode and the SEBS substrate due to increased chain mobility
accompanied by volume expansion.[40] The interface bonding
strength was investigated by using a typical 180° peeling test
(Figure S4, Supporting Information). After annealing, the inter-
facial adhesion force between SEBS and Au/SEBS increased over
an order of magnitude, thereby preventing delamination during
device stretching (Figure S5 i, ii, Supporting Information).

2.3. Electrical performance of the VIS-OECTs

To evaluate the electrical performance of VIS-OECTs, 0.1 m
NaCl solution was added to the 3D vertical channel as the elec-

trolyte, with Ag/AgCl serving as the gate electrode, as illus-
trated in Figure S5 (iii) (Supporting Information). The VIS-
OECTs exhibit typical depletion-mode operational characteristics
(Figure 2b,c).[35,39] The device performance remained stable af-
ter cyclic transient measurements (Figure 2d). The transfer curve
was measured by sweeping the gate voltage (VGS) from 0.8 to−0.8
V in a voltage step of 5 mV at a constant drain voltage (VDS) of
−0.6 V. As shown in Figure 2c, the VIS-OECTs showed a max-
imum drain-current (IDS) exceeding 16 mA, and an on/off ra-
tio of ≈2 × 102. In the unstretched state, the Gm of VIS-OECT
reached a value of 27 mS, which is 100 times higher than the
referenced IS-OECTs (Table S1, Supporting Information). This
is because OECTs’ Gm is directly proportional to Wd/L.„ where
W, d, and L stand for the channel width, thickness, and length,
respectively.[42] The high Gm of VIS-OECTs stems from the small
channel length,[43] which is defined by the thickness of PEDOT:
PSS channel.

Figure S6a–c (Supporting Information) compares the trans-
fer curves of different VIS-OECT devices. The similar trans-
fer curves of these devices indicate a good reproducibil-
ity. To prove the versatility of our vertical structure design,
we further employed a polythiophene-based OMIEC, named
namely poly(2-(3,3′-bis(2-(2-(2-methoxyethoxy) ethoxy) ethoxy)-
[2,2′-bithiophen]-5) yl thiophene) (p(g2T-T)), for the fabrica-
tion of enhancement-mode VIS-OECTs (see Experimental Sec-
tion). As shown in Figure S6d–f (Supporting Information),
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Figure 3. Performance comparison between VIS-OECTs and IS-OECTs. Transfer curves of a) IS-OECTs and b) VIS-OECTs under various stretching
conditions. c) The Gm values of VIS-OECTs and IS-OECTs as a function of strain.

p(g2T-T)-based VIS-OECTs also demonstrated excellent perfor-
mance. We observed that VIS-OECTs utilizing p(g2T-T) showed
a lower off-current (≈2 μA) and leakage current in comparison
to depletion-mode VIS-OECTs based on PEDOT: PSS (Figure S7,
Supporting Information). This disparity can be ascribed to differ-
ences between their inherent conductivities.

2.4. Electromechanical Performance of the VIS-OECTs

In our subsequent investigation, we provide evidence demon-
strating the exceptional ability of the 3D, vertical OECT struc-
ture to exceed the strain limits of OMIECs. For a fair compari-
son, both IS-OECTs and VIS-OECTs were fabricated using identi-
cal experimental materials and conditions, differing only in their
device structure. Before assessing the devices’ stretchability, we
examined the optical images and relative resistance (R/R0) of
the PEDOT: PSS film used in device fabrication under various
strain conditions, as shown in Figure S8 (Supporting Informa-
tion). Here, R0 represents the initial resistance, while R indicates
the resistance under different strain levels. The R/R0 ratio of the
PEDOT: PSS film increases significantly—by several orders of
magnitude—once the strain surpasses 30%, consistent with op-
tical images that reveal a substantial number of cracks in the
film at this strain level. To evaluate the device stretchability, IS-
OECTs were stretched from 0% to 30% strain, while VIS-OECTs
were stretched from 0% to 50% strain, both in 10% strain incre-
ments. Figure 3a,b depict the transfer curves of IS-OECTs and
VIS-OECTs under various stretching conditions, respectively. It
is evident that IS-OECTs function only at strains below 10% and
fail completely at 30% strain (Figure 3a). The primary cause of
functionality loss in IS-OECTs at 30% strain is because the strain-
induced cracks that disrupt the conductive pathways within the
planar structure. Incontrast, the VIS-OECTs, constructed using
the same PEDOT: PSS film, maintained functional even at 50%
strain (Figure S9, Supporting Information). This not only sur-
passes the stretchability of the planar-structured IS-OECTs but
also exceeds the inherent stretchability of the PEDOT: PSS film
(Figure S8, Supporting Information). It is worth noting that while
lateral stretching can create vertical stress on the film, this stress

can be alleviated when significant cracks perpendicular to the
substrate appear. If cracks parallel to the substrate were induced
by vertical stress, we would expect to observe interlayer slip in
specific regions of the stretched film. However, the optical im-
ages in Figure S8 (Supporting Information) did not reveal any
interlayer slip in the stretched film. These experimental results
support our key hypothesis that positioning the channel 3D, verti-
cally between the S/D electrodes can mitigate the impact of strain
on OMIECs channel (Figure 1c,d).

The Gm values of both IS-OECTs and VIS-OECTs under var-
ious strain conditions are compared in Figure 3c. Although IS-
OECTs still function at 20% strain, their Gm (@20% strain) is
only 0.12 mS, which is 75 times lower than that of VIS-OECTs at
20% strain, and 23 times lower than VIS-OECTs at 50% strain.
The decrease in Gm of VIS-OECT under strain can be partially
attributed to the increase in electrode resistance at high strain
levels (Figure S1a, Supporting Information), which results in a
decrease in the effective VDS during stretching. The deteriora-
tion of the interface with increasing stretching may be another
reason.

2.5. VIS-OECTs for Wearable Computing

VIS-OECTs have the potential to assemble stretchable crossbars
(Figure 4a).[44] The VIS-OECTs can serve as stretchable nodes of
the crossbar for implementing various artificial neural networks.
The vertical structure cases the manufacturing process and up-
scaling of device density.[45] As an example, we use VIS-OECTs
as nodes for stretchable reservoir computing (RC),[46–52] relevant
for wearable edge-intelligence and AI health.

Nonlinear response and fading memory are two pivotal char-
acteristics of RC networks, signifying that the reservoir state is
affected by input from the recent past while remaining indepen-
dent of input from the distant past.[48] The potential of the VIS-
OECTs as nodes for physical RC implementation was initially ex-
plored by testing their nonlinear response and fading memory
effect under sequential gate pulses. As shown in Figure 4b, our
VIS-OECTs exhibit a nonlinear dynamic response to sequence
patterns and demonstrate clear fading memory characteristics
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Figure 4. VIS-OECTs for stretchable neuromorphic computing. a) Schematic of the stretchable crossbar based on VIS-OECTs. b) Illustration of the
nonlinear response and fading memory of VIS-OECT for different sequential inputs. ΔI represents the change in drain current induced by the sequential
gate pulses, while I0 denotes the initial drain current in the absence of gate pulses. The current is measured at a VDS of −0.6 V. c) Reservoir states
of VIS-OECTs are used to differentiate between different temporal inputs at 0% strain and 30% strain, respectively. d) Schematic diagram illustrating
reservoir computing implemented with the VIS-OECTs array as the reservoir layer. e) Classification accuracy for different hand gestures as a function of
the training epoch.

when spikes end. To further assess the performance of the VIS-
OECTs as nodes for physical RC implementation, we used them
to differentiate16 pulse sequence patterns ranging from 0000 to
1111, as illustrated in Figure 4c. In this context, “0” signifies that
no pulse is applied to the gate terminal, while “1” indicates the
application of a pulse of −0.3 V, 200 ms. The VIS-OECTs-based
RC nodes can effectively distinguish 16 different pulse patterns
at the end of the pulse sequence (Figure 4c), demonstrating its
potential application in temporal information processing. More
significantly, the VIS-OECTs are capable of differentiating pat-
terns after being stretched to 30% strain, surpassing the strain
limits of PEDOT: PSS thin films (Figure S10, Supporting Infor-
mation).

To showcase the potential of our VIS-OECTs for wearable edge-
computing applications, we present their application in hand ges-
ture recognition utilizing recorded electromyography (EMG) sig-
nals. The EMG signal was initially captured by an EMG sensor
as described in our recent work.[53] Then, we employed a slid-
ing window (with a size of 640 ms and a stride of 40 ms) to seg-
ment the temporal EMG signals and convert them into sequential
pulse streams. As shown in Figure 4d, the pulse streams are ap-
plied to the gate terminal of VIS-OECTs in the physical reservoir
layer and then the corresponding source-drain currents are sent
to the software-based fully connected neural network for classifi-

cation. As depicted in Figure 4e, after training for 200 epochs, the
classification accuracy for different hand gestures exceeded 80%.
There was no significant decrease in accuracy at 30% strain, in-
dicating the robustness of our VIS-OECTs which facilitates their
deployment in wearable scenarios.

3. Conclusion

In this work, we report the first fabrication of VIS-OECTs. Un-
like planar-structure IS-OECTs, the proposed VIS-OECTs feature
a 3D, vertical, and strain-insensitive conductive path. As a result,
the stretchability of the VIS-OECT surpassed the strain limit of
the constituent semiconductor. It is worth mentioning that, un-
like structure-endowed stretchability in non-intrinsically stretch-
able devices, the vertical structure improves the stretchability of
intrinsically stretchable devices without compromising their po-
tential for further integration.

Previous research has demonstrated vertical OECTs,[54–56]

showcasing their potential in diverse applications such as
bio-signal sensing and amplification,[57–59] complementary
circuits,[45,60–62] and neuromorphic computing.[63–66] However,
these studies have not explored the use of vertical OECTs to
address the challenges of device mechanics.
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The following issues are observed during the development
of VIS-OECT which can be further investigated. First, com-
pared to planar OECTs, VIS-OECTs need elastoadhesive elec-
trodes with stable electrochemical properties, making it essen-
tial to develop strain-insensitive, adhesive, and inert electrodes
that can be easily patterned at scale.[67] Second, precise control
of the adhesion between all functional layers is essential. Sur-
face functionalization can be further explored such as interface
crosslinking[68]; Third, the fabrication of VIS-OECTs at scale has
not yet been achieved, where advanced manufacturing technolo-
gies, such as transfer printing, could potentially be utilized.[69–72]

Finally, tissue-like functions such as gas permeability and bio-
compatibility can be further explored to promote their interfacing
with living systems.[73–76]

4. Experimental Section
Materials: Poly(3,4-ethylenedioxythiophene): poly (styrene sulfonate)

(PEDOT: PSS) aqueous solution (Clevios PH1000) was purchased from
Heraeus Deutschland GmbH & Co. KG. 4-Dodecylbenzenesulfonic acid
(DBSA), sodium chloride, (3-glycidyloxypropyl) trimethoxysilane (GOPS)
and ethylene glycol (EG) were purchased from Sigma–Aldrich and used
as received. Styrene-ethylene-butylene-styrene (SEBS H1062) was pro-
vided by Asahi Kasei. Poly(2-(3,3′-bis(2-(2-(2-methoxyethoxy) ethoxy)
ethoxy)-[2,2′-bithiophen]-5) yl thiophene) (p(g2T-T)) was synthesized ac-
cording to the literature report.[27] The azide-based crosslinker 2,2-
bis(((4-azido2,3,5,6-tetrafluoroben-zoyl)-oxy) methyl) propane1,3-diylbis
(4-azido-2,3,5,6 tetrafluoro benzoate) (4Bx) was synthesized following a
procedure reported in the literature.[77]

Fabrication of PEDOT:PSS-Based VIS-OECTs: The fabrication of VIS-
OECT began with the thermal evaporation of a 60–80 nm thick Au elec-
trode onto the SEBS substrate, utilizing a shadow mask for precise pat-
terning. During the deposition of Au, the supporting substrate within the
chamber was heated to ≈90 °C. The evaporation rate of Au was main-
tained between 0.1 and 0.4 Å s−1. The PEDOT: PSS solution was prepared
by combining PH1000 with DBSA (0.5 v/v.%), GOPS (3 w/w.%), and EG (5
v/v.%). Subsequently, the mixed solution was filtered using a hydrophilic
syringe filter with an aperture size of 0.45 μm to remove any aggregates,
ensuring their suitability for further use. The obtained solution was spin-
coated on the plasma-treated Au-SEBS substrate at 1000 rpm for 1 min
with adhesive tape as the mask. After that, the mask was removed and the
sample was annealed at 120 °C for 40 min. Then, a strip-shaped (1 mm
wide) Au/SEBS electrode was directly laminated onto the PEDOT:PSS film,
forming a SEBS-Au/PEDOT:PSS/Au-SEBS sandwich structure. The align-
ment was guided by utilizing the marks on the substrate. To enhance the
adhesion force between each layer, the device was heated at 100 °C for
40 min.

Fabrication of PEDOT:PSS-Based IS-OECTs: The planar structured IS-
OECTs were fabricated by directly spin-coating the PEDOT: PSS solution
(i.e., same as the above processing procedures) on the Au-SEBS substrate
(channel length 5 mm, channel width 1 mm). After that, the sample was
annealed at 120 °C for 40 min.

Fabrication of p(g2T-T)-Based VIS-OECTs: The p(g2T-T) and 4Bx were
dissolved in chloroform at a concentration of 5 and 2.8 mg mL−1, respec-
tively. The p(g2T-T) solution was stirred at 60 °C for more than 8 h before
use. The p(g2T-T) solution was blended with 4Bx solution with a volume
ratio of 8 to1. A 10–15 wt.% dextran solution in water was spin-coated
onto a plasma-treated silicon wafer at 1500 rpm for 30 s. Subsequently,
the wafer underwent baking on a hot plate first at 80 °C for 1 min fol-
lowed by 180 °C for 30 min. The p(g2T-T) and 4Bx blended solution were
spin-coated onto the dextran-coated wafer at 600 rpm for 1 min. Subse-
quently, the coated layer was cross-linked under 365 nm UV irradiation for
5 min using a mask aligner (URE-2000/35). To transfer the p(g2T-T) film,
a PDMS film was laminated on top of the p(g2T-T) film. Subsequently,
the sample was immersed in DI water to dissolve the underlying dextran

layer. The p(g2T-T) film could be patterned by a blade after being trans-
ferred to PDMS. Before transferring the patterned p(g2T-T) film onto the
Au-SEBS substrate, the Au-SEBS was exposed to UV ozone treatment for
3 min. Subsequently, the p(g2T-T) film was transferred from the PDMS
to the Au-SEBS by carefully pressing the p(g2T-T) film onto the substrate
and then gently removing the PDMS. Following this, a strip-shaped (1 mm
wide) Au-SEBS electrode was laminated onto the p(g2T-T), forming SEBS-
Au/p(g2T-T)/Au-SEBS sandwich structure. To enhance the adhesion force
between each layer, the device was heated at 100 °C for 40 min.

RC Simulation: The process started with capturing EMG signals us-
ing EMG sensors, followed by segmenting these signals into sequential
pulse streams using a sliding window technique (with a size of 640 ms and
a stride of 40 ms) based on the previous work.[53] These pulse streams
were then applied to the gate of the VIS-OECTs-based physical reservoir
to measure the corresponding source-drain current. In the RC simulation
workflow, pseudo-input data from 16 VIS-OECTs in the RC network were
generated using the collected source-drain current. This data was then fed
into the fully connected layer for processing, and accuracies were calcu-
lated as a result. To train the fully connected layer, the Adam optimizer
was employed with a learning rate set at 0.01 and utilized the gradient
descent method.

Characterization and Measurement: All device performances were as-
sessed through testing in atmospheric conditions using a semiconduc-
tor characterization system (PDA-Fs Pro). A 0.1 m NaCl aqueous solution
served as the electrolyte for all OECT testing. During testing, an Ag/AgCl
pellet was immersed in the electrolyte as a gate electrode. Optical images
were captured using an optical microscope. Cyclic voltammetry (CV) mea-
surements were conducted using an electrochemical workstation.
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