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Near-Infrared Light-Programmable Negative Differential
Transconductance in Organic Electrochemical Transistors
for Reconfigurable Logic

Debdatta Panigrahi,* Christina J. Kousseff, Aristea Pavlou, Zeinab Hamid,
Iain McCulloch, Fabrizio Toricelli, Paul W. M. Blom, and Paschalis Gkoupidenis*

Organic electrochemical transistors offer advantages in low-power,
ion-mediated electronics, yet their typically monotonic transfer characteristics
limit their integration into advanced information-processing systems. Here,
the emergence of optically induced negative differential transconductance
(NDT) is reported in organic electrochemical transistors based on a
near-infrared responsive polymer, p(C4DPP-T), and a potassium iodide
electrolyte. Under near-infrared illumination, the device exhibits a transition
from a conventional monotonic transfer characteristic to a non-monotonic
one with three conductance regions: a conventional binary on/off, a ternary
on/partially on/off state, and an on/on/off, depending on light intensity. This
unique response stems from the intrinsic material properties of the system,
where near-infrared illumination generates holes in p(C4DPP-T) and the
potassium iodide electrolyte drives redox reactions. These coupled processes
modulate channel doping, inducing NDT. Notably, NDT behavior is achieved
without complex device architectures or p–n heterojunctions, which are
typically required in conventional field-effect transistors. It is further shown
that enlarging the gate–electrolyte interfacial area enhances the NDT
response, yielding higher peak currents, sharper transitions, and improved
peak-to-valley ratios. Finally, an optically reconfigurable logic circuit capable of
switching between binary and ternary logic is realized without altering the
device architecture, paving the way for the development of adaptive electronic
circuits.
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1. Introduction

Organic electrochemical transistors
(OECTs) have garnered significant at-
tention in recent years as key components
in bioelectronics, iontronic sensors, neu-
romorphic devices, and low-power logic
circuits.[1–6] Their ability to modulate chan-
nel conductance through ionic interactions
with an electrolyte distinguishes them
from conventional field-effect transistors,
enabling high transconductance at low
operating voltages and compatibility with
aqueous environments. These character-
istics make OECTs uniquely suited for
interfacing with biological systems and for
performing analog computations where en-
ergy efficiency is critical.[7,8] However, most
OECTs exhibit a monotonic dependence
of drain current (ID) on gate voltage (VG),
typically showing either accumulation or
depletion-mode behavior depending on the
semiconductor and ion transport dynam-
ics. While this monotonic response suffices
for basic switching or sensing tasks, it
constrains the broader adoption of OECTs
in more advanced information processing
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systems that demand unconventional non-monotonic transfer
characteristics.
Several emerging applications, including multivalued logic

and spiking neuronal circuits, require devices capable of ex-
hibiting multiple, discrete conductance states within a single
transfer curve.[9–14] A non-monotonic current–voltage response,
especially one featuring negative differential transconductance
(NDT), allows ID to increase, decrease, and rise again with in-
creasing VG, yielding three distinguishable output levels corre-
sponding to “on”, “partially on”, and “off” states. These character-
istics are critical for implementing a multivalued inverter circuit,
compact multi-state memory, or emulating neuronal dynamics
using minimal circuitry.[12–14] Although NDT behavior has been
realized in a few solid-state devices via complex heterostructures,
trap engineering, or tunneling-based mechanisms, these sys-
tems typically require high operating voltages and intricate fab-
rication processes, increasing device complexity and limiting en-
ergy efficiency.[15–20]

In comparison, achieving NDT in electrolyte-gated or OECT
platforms remains limited and technically challenging. A few
recent reports have shown three-state behavior with “ʌ”-
shaped transfer curves (off–on–off), yet such profiles are not
suitable for full-swing logic-in-memory or multivalued logic
applications.[21–28] Recently, Lim et al. demonstrated monolith-
ically stacked vertical OECTs that exhibited electrochemically
driven ternary conductance states through dual-channel cou-
pling, further highlighting the potential of OECT platforms
for multivalued logic, albeit at the cost of multilayer architec-
tures and chemical modulation of PEDOT:PSS.[29] To overcome
these constraints, a material- and environment-driven strategy is
needed, one where the transfer characteristics of a simple, single-
layer OECT can be dynamically modulated by an external stimu-
lus, enabling multiple conductance states while preserving low-
voltage operation.
In this work, we demonstrate the emergence of non-

monotonic transfer characteristics in OECTs under optical ex-
citation. By combining a near-infrared (NIR)-responsive semi-
conducting polymer, p(C4DPP-T), with a potassium iodide (KI)
electrolyte, we induce light-dependent changes in the transfer
response of the device. In the absence of NIR illumination,
the OECT displays typical p-type behavior with two well-defined
states (“on” and “off”). Under low-intensity NIR light, the transfer
curve evolves into a three-state response, where the ID initially in-
creases, then saturates, and finally increases again with increas-
ing VG. At higher illumination intensities, the device exhibits a
pronounced NDT region at intermediate VG. We attribute this
behavior to light-induced hole generation in the polymer com-
binedwith the ability of iodine to form triiodide species, which to-
gether modulate interfacial redox dynamics and channel conduc-
tion. Notably, the device operates under a dual-mode gating: the
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conventional electrolyte gate modulates carrier density through
ion injection, while the NIR light acts as an optical gate from
the top, generating additional carriers via absorption in the active
layer. This dual-input gating offers enhanced control over the de-
vice behavior. Light as a control stimulus is energy-efficient and
allows precise spatiotemporal tuning, making it highly suitable
for remote or parallel reconfiguration of logic states. Unlike elec-
trical gating, it eliminates wiring constraints and enables local-
ized activation, while also allowing global optical addressing to
reconfigure multiple devices simultaneously. Moreover, beyond
electrical operation, optical control provides a powerful contact-
less route to achieve such functionality.
Recent studies have demonstrated that light–matter interac-

tions can effectively regulate the transconductance of OECTs,
enabling photo-controlled amplification and gating behavior
through photoactive orMOF-derived inorganic gates.[30–32] More-
over, 2D double van der Waals heterojunctions have exhib-
ited optoelectronic NDT with ultrahigh peak-to-valley ratios
and polarization-sensitive photoresponses, attributed to gate-
modulated band-edge bending and photogating effects.[33–35]

These reports collectively highlight the versatility of light-
modulated charge transport in hybrid andmultilayer systems, es-
tablishing the feasibility of optical control in transistor platforms.
However, such devices rely on extrinsic photogating layers or
precisely engineered heterointerfaces, whereas the present work
achieves light-programmable NDT intrinsically within a single
polymer channel via optically driven redox dynamics, without re-
quiring any additional layers or hybrid interfaces. The use of NIR
wavelengths further enhances the device’s applicability, owing
to their deep penetration and low scattering, which are advan-
tageous for biomedical imaging, night-vision, and autonomous
sensing applications.[36,37]

Beyond optical control, the magnitude and sharpness of
the NDT response can be further tuned by varying the
gate/electrolyte interfacial area. This establishes gate geometry as
a structural design parameter for amplifyingNDT characteristics.
Finally, leveraging this optically tunable NDT behavior, we imple-
ment a light-reconfigurable logic circuit that transitions between
binary and ternary logic states on demand, controlled solely by il-
lumination intensity. Recent studies have demonstrated reconfig-
urable binary–ternary logic using dual-gate oxide transistors and
photonic-modulated heterojunction devices, illustrating the po-
tential of light as an external input for adaptive logic control.[38,39]

Unlike these multilayer or hybrid systems, our approach realizes
reconfigurability within a single polymer OECT, where optical
excitation intrinsically modulates the redox-driven NDT through
coupled ionic–electronic processes. This strategy provides an ef-
ficient route for light-controlled signal processing in organic elec-
tronics and opens new opportunities for adaptive, multifunc-
tional, and neuromorphic circuits.

2. Results and Discussion

Figure 1 illustrates the design, material properties, and optoelec-
tronic properties of theOECTs. Figure 1a shows the device config-
uration, where the source, drain, and gate electrodes are coplanar
and patterned on the surface of a glass substrate. The semicon-
ducting channel between the source and drain consists of a p-type
conjugated polymer, p(C4DPP-T), and an aqueous KI solution
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Figure 1. a) Schematic of the OECT device configuration. b) Chemical structure of the p(C4DPP-T) polymer. c) Absorption spectrum of p(C4DPP-T).
d) Output characteristics of the OECT under dark and varying NIR illumination levels. e) Light-triggered switching behavior of the OECT under periodic
NIR illumination.

serves as the electrolyte to facilitate ionic gating. NIR light is irra-
diated onto the polymer channel to explore light-triggered modu-
lation of the device characteristics. Figure 1b shows the chemical
structure of the p(C4DPP-T) polymer, a newly synthesized ma-
terial (synthetic details are provided in Note S1, Supporting In-
formation). The surface morphology of the p(C4DPP-T) film is
shown in Figure S1 (Supporting Information).
The optical absorption spectrum of the polymer is shown

in Figure 1c. The absorption spectrum exhibits a minor peak
at 416 nm and strong absorption bands centered at 786 and
852 nm, confirming significant light harvesting in the NIR re-
gion. From the Tauc plot (Figure S2, Supporting Information),
the optical band gap of p(C4DPP-T) was quantitatively estimated
to be ≈1.3 eV. Based on the optical characteristics, 850 nm NIR
light was selected to excite the active semiconducting layer of the
OECT. Figure 1d displays the output characteristics of the OECT
both in the dark and under varying intensities of NIR illumina-
tion. A clear enhancement in ID is observed with increasing light
intensity, indicating that NIR light effectively modulates device
behavior. At a fixed bias of VD = VG = −0.3 V, ID increases signif-
icantly from −4 μA in the dark to −28 μA under 7 mW cm−2 illu-
mination. This behavior highlights the role of light as an auxiliary
gating mechanism, acting from the top of the device in addition
to the electrochemical gating from the bottom. The results also
indicate that NIR illumination leads to a higher hole density in
the channel. Figure 1e shows the reversible switching behavior
of the OECT under periodic NIR illumination at an intensity of
7 mW cm−2. ID initially remains ≈−3 μA in the dark, but rises to
≈−23 μA upon light exposure, attributed to photo-induced hole

generation in the polymer. When the light is turned off, the cur-
rent drops back to its initial value, suggesting gradual recombi-
nation of the photogenerated holes, restoring the original charge
state of the channel. The rise and decay time constants were ex-
tracted as 1 s and 1.1 s, respectively (Figure S3, Supporting Infor-
mation), highlighting the dynamic and reversible nature of the
photoresponse. The obtained response time (≈1 s) is consistent
with previously reported light-modulated OECTs, which gener-
ally exhibit photoresponse times ranging from a few hundred
milliseconds to a few seconds depending on the device architec-
ture and illumination conditions.[40–42] This confirms the light-
tunable functionality of the device through optical illumination.
Figure 2 illustrates how NIR illumination transforms the

transfer characteristics of OECTs, with panels 2(a–d) showing the
evolution from conventional binary switching in the dark to a
nonmonotonic three-state profile under increasing light inten-
sity. Figure 2a shows the transfer characteristics in the absence
of light, where the device exhibits typical p-type behavior func-
tioning in the hole accumulation mode. ID increases monotoni-
cally with the VG, showing a clear “off” state with an ID (= IOFF)
of ≈0.01 μA at the turn on voltage, VG = VTO = −0.1 V and an
“on” state with an ID (= ION) of ≈8.5 μA at VG = VON = −0.8 V,
resulting in an on/off ratio of 103. Upon illumination with NIR
light of intensity 0.8 mW cm−2, as shown in Figure 2b, a third
state, namely the “partially on” state, emerges in the transfer
curve. ID initially rises from IOFF = 0.01 μA at VTO = −0.07 V
to a peak current or partially on current, IP = IPO = 2.3 μA at
peak voltage, VP = −0.43 V, then stabilizes until valley voltage,
VV = −0.57 V, followed by a second increase to reach the “on”
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Figure 2. a–d) Transfer characteristics of the OECT under dark and increasing NIR light intensities. e) Variation of peak current, valley current, and
peak-to-valley ratio as a function of light intensity. f) Variation of peak voltage, valley voltage, and NDT range with increasing NIR intensity.

state with a current, ION = 9.7 μA at VON = −0.8 V. Figure 2c
shows that at a higher light intensity of 2 mW cm−2, the non-
monotonicity becomesmore pronounced. ID increases from IOFF
= 0.01 μA to IP = IPO = 2.8 μA, then decreases to a valley current,
IV = 1.9 μA, before rising again to ION = 5.7 μA. Finally, Figure 2d
shows that under even stronger illumination of 7 mW cm−2, a
pronounced NDT feature appears. ID increases sharply from IOFF
= 0.01 μA to IP = 6.4 μA, decreases to IV = 3.3 μA and rises again
to ION = 5.7 μA, giving rise to an “N”-shape transfer character-
istics. Notably, this high-intensity condition gives rise to a three-
level conduction configuration with two “on” states (IP and ION)
and one “off” state, establishing a multi-state switching mecha-
nism. The emergence of NDT at high light intensity is also ob-
served in the transconductance profile, which exhibits a peak neg-
ative transconductance (gm) of −21 μS at VG = −0.33 V under
7 mW cm−2 illumination (Figure S4, Supporting Information).
Figure 2e further quantifies the evolution of the photoresponse

by tracking the key current states: IP, IV, and the peak-to-valley
ratio (PVR = IP / IV) as a function of increasing NIR light inten-
sity. As observed, IP increases steadily from 2.4 to 6.3 μA when
the NIR intensity is raised from 0.8 to 7 mW cm−2, reflecting
enhanced photo-induced hole density in the polymer channel.
Alongside, IV also increases from 2.2 to 3.3 μA with the increas-
ing optical intensity. As a result, the PVR, a crucial figure of merit
for evaluating the distinctiveness of the NDT response, increases
from 1.1 to 1.9, indicating a sharper and more well-defined N-
shaped transfer profile at higher light intensities. Additionally,
Figure 2f captures the light-induced tuning of the VP, VV, and
the NDT range (NDTR = | VV – VP |), providing insights into
the voltage window over which the plateau or NDT occurs in
the ID. With increasing NIR intensity, VP shifts positively from

−0.43 to −0.29 V, while VV shifts more negatively from −0.57
to −0.63 V, leading to a progressive expansion of NDTR from
0.14 to 0.34 V. This widened NDT range is also a crucial param-
eter; when leveraged in ternary logic circuits, it can enhance the
noise margin of the intermediate logic state.[43] Hence, the light-
intensity-dependent tuning of both PVR and NDTR offers a pow-
erful degree of control over the OECT behavior, paving the way
for light-programmable logic architectures.
Overall, by tuning the NIR light intensity, the OECT can be

optically programmed into three distinct regimes: 1) a conven-
tional binary “on/off” state under dark conditions, 2) a ternary
“on/partially on/off” state at intermediate light levels, and 3) an
“on/on/off” configuration featuring strong NDT at high illumi-
nation. This dynamic light-induced modulation of device charac-
teristics holds significant promise for multifunctional and neu-
romorphic electronics. For instance, the ternary transfer profile
with a distinguishable “partially on” state over a range of inter-
mediate VG is suitable for implementing ternary logic circuits,
enabling compact and energy-efficient logic architectures beyond
traditional binary design.[9–12] On the other hand, the on/on/off
response under high-intensity NIR light, characterized by an
NDT effect, can provide an intrinsic platform for emulating spik-
ing neuronal behavior, something that typically requires complex
circuitry involving multiple conventional transistors with mono-
tonic transfer characteristics.[13,14] Moreover, the strong and tun-
able photoresponse highlights the potential of these devices for
NIR sensing applications, where multi-state operation can be di-
rectly exploited for enhanced detection and signal encoding.
In addition to multifunctional programmability, the light-

induced NDT response shows consistent behavior across mul-
tiple devices. As shown in Figure S5 (Supporting Information),
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Figure 3. a) Transfer characteristics of p(C4DPP-T)/KI OECT under NIR illumination, accompanied by schematics illustrating the dominant interfacial
processes across three gate-voltage regimes: 1) ionic and photo-induced doping, 2) photo-accelerated redox-drivenNDT, and 3) redox saturation followed
by ionic re-doping. b) UV–vis absorption spectra of pristine and KI-doped p(C4DPP-T) films. c) Cyclic voltammograms under dark and NIR conditions.

different devices exhibit a similar dark-to-NIR transformation
from monotonic to N-shaped transfer profiles, confirming reli-
able device-to-device performance. The NDT characteristics also
remain stable over repeated cycling (Figure S6, Supporting In-
formation) and after 14 days of ambient storage (Figure S7, Sup-
porting Information). Furthermore, even after 24 h immersion
in KI electrolyte, the devices maintain comparable PVR values
(Figure S8, Supporting Information), highlighting their opera-
tional durability.
Figure 3 lays out the light-driven mechanism responsible for

the emergence of the N-shaped transfer response in the OECTs.
The proposed mechanism follows a doping/redox/doping se-
quence, supported by electrochemical and spectroscopic analy-
ses, including cyclic voltammetry and UV–vis absorption mea-
surements. Iodine-based systems are known to undergo redox
reactions leading to the formation of triiodide (I3

−), while pho-
togenerated holes further accelerate these conversions.[44–47] Our
results indicate that NIR illumination in our system increases the
hole population in p(C4DPP-T), which promotes I3

− formation
and leads to the observed NDT response. Figure 3a shows the il-
luminated transfer curve divided into three VG windows and the
schematics that map the observed ID evolution to the physical
processes occurring within the electrolyte and polymer channel.
Range 1 (0 < VG < VP): As VG increases, I

− ions are progressively
driven toward the polymer, increasing the hole density in the
channel and consequently, ID rises. Under illumination, photo-

induced holes further augment the carriers available for trans-
port. Thus, the current rise in this range is governed primarily
by field-driven hole accumulation, reinforced by photo-induced
hole generation. Range 2 (VP< VG< VV): At intermediate VG un-
der light, the accumulated holes participate in redox reactions of
iodide according to 2I− + 2 h (hole polaron)→ I2, followed by I2
+ I− ↔ I3

−.[44–47] These reactions consume holes from the chan-
nel and transiently reduce the effective carrier density, producing
the NDT region. To gain insight into this process, UV–vis absorp-
tion spectroscopy was performed during gradual electrochemi-
cal doping of the polymer with KI (Figure 3b). A new absorp-
tion band characteristic of triiodide (I3

−) emerges near 372 nm
and progressively intensifies between 0.4 and 0.7 V, confirming
that the current suppression coincides with hole-consuming io-
dide oxidation.[48] The formation of triiodide was also confirmed
by X-ray photoelectron spectroscopy (XPS), which shows no io-
dine signal at low bias (0.2 V), while distinct features emerge at
≈618.8 and ≈630.4 eV at 0.4 V and intensify further at 0.7 V, cor-
responding to the I 3d5/2 and I 3d3/2 components of I3

− species
(Figure S9, Supporting Information), indicating progressive con-
version of iodide to triiodide under NIR-assisted electrochemi-
cal doping.[49] Cyclic voltammetry further supports this mech-
anism, exhibiting oxidation–reduction features characteristic of
triiodide formation. A distinct color change from green to brown
was observed during the CV scans (Figure S10, Supporting In-
formation), consistent with the generation of triiodide species.
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This finding is further corroborated by the starch–iodine test,
which shows a transition to dark blue upon starch addition, con-
firming the formation of the [I3

−·starch] complex (Figure S10,
Supporting Information).[50] In contrast, under dark conditions,
the hole population in the polymer remains lower and insuffi-
cient to sustain significant redox conversion, resulting in a pre-
dominantlymonotonic p-type transfer response. Importantly, the
NDT region appears only under NIR illumination. When ex-
posed to visible light (400–700 nm), the device shows no NDT be-
havior (Figure S11, Supporting Information), as the polymer ex-
hibits weak absorption in this range and cannot generate enough
photo-induced holes to drive the iodide redox process. These re-
sults collectively confirm that photo-induced holes play a piv-
otal role in enabling the iodine-based redox reactions responsi-
ble for NDT, underscoring the necessity of NIR excitation. Range
3 (VV< VG< VON): At higher VG, the redox conversion of iodide
reaches completion, as indicated by the saturation of the I3

− ab-
sorption band (Figure 3b). Beyond this point, no further hole
consumption occurs, and the redox contribution becomes neg-
ligible. The increasing VG, at this stage, primarily drives addi-
tional I− ions into the polymer, enhancing the doping process
and restoring the hole density in the channel. As a result, ID
rises once more, completing the N-shaped transfer profile under
illumination.
To gain further insight into the influence of NIR illumina-

tion, we compared the CV responses under light and dark con-
ditions, as shown in Figure 3c. At low potentials (0 < V <

0.35 V), the current remains low in the dark because the ap-
plied bias is below the onset potential required to drive io-
dide oxidation; the small current in this regime primarily arises
from capacitive charging of the polymer/electrolyte interface.
Under illumination, the current increases strongly at low po-
tentials due to photogenerated holes in the polymer. At inter-
mediate potentials (0.35 V < V < 0.6 V), the light-induced cur-
rent drops below the dark current, indicating that the process
transitions into a redox-dominated regime where holes are con-
sumed through the oxidation of I− to I3

−. This transient cur-
rent reduction is consistent with the NDT region observed in
the transfer characteristics, arising from the competing dynam-
ics of hole consumption and ionic doping. These observations
confirm that NIR illumination accelerates iodide oxidation, en-
hances the I− to I3

− conversion, and thereby establishes the dop-
ing/redox/doping sequence responsible for the N-shaped trans-
fer response. The complete CV cycle, including both forward
and reverse scans, is presented in Figure S12 (Supporting In-
formation), while the dependence of CV response on NIR inten-
sity is shown in Figure S13 (Supporting Information). To further
verify that iodide is essential for this photo-electrochemical re-
dox process, we performed experiments using electrolytes con-
taining other anions (Cl−, Br−, PF6

−, TFSI−, and SO4
2−) under

identical NIR illumination. None of these devices exhibited NDT
behavior (Figure S14, Supporting Information), confirming that
the absence of iodide prevents the interfacial redox reactions re-
quired for NDT. In contrast, devices operated with an ionic-liquid
electrolyte containing iodide (EMIM-I) also showed NDT char-
acteristics (Figure S15, Supporting Information), further validat-
ing that iodide-driven redox chemistry is necessary to trigger
triiodide formation and the resulting antiambipolar response.
Together, these results strongly support the proposed mecha-

nism, establishing that NDT in these OECTs originates from I3
−

formation.
The evolution of VP, VV, NDTR, and PVR with NIR intensity,

as observed in Figure 2e,f, can also be understood in light of the
proposed doping/redox/doping mechanism. With increasing il-
lumination intensity, VP shifts toward lower VG, reflecting the ac-
celerated initiation of iodide oxidation under stronger photoexci-
tation. The higher density of photogenerated holes facilitates the
earlier onset of the redox process, allowing the current peak to ap-
pear at a smaller VG. In contrast, VV shifts toward more negative
VG as the redox reaction becomes more complete and the sys-
tem requires a larger potential to re-enter the doping-dominated
regime. Consequently, the NDT region broadens with increas-
ing NIR intensity, consistent with the prolonged dominance of
redox-driven hole consumption. The corresponding increase in
PVR arises because higher light intensity promotes a more ex-
tensive redox conversion, leading to a deeper transient current
minimum and sharper contrast between the redox and re-doping
phases. These results collectively demonstrate that NIR illumi-
nation governs the kinetics and balance of doping vs redox pro-
cesses, thereby tuning both the position and strength of the N-
shaped NDT response.
Building on this optical programmability, we next investi-

gated whether the strength of the NDT response could be fur-
ther tuned through device geometry, specifically by varying the
gate/electrolyte interfacial area. While optical excitation gener-
ates additional mobile carriers and expands the NDT window,
the ultimate current levels and sharpness of the NDT response
are strongly governed by the capacitive coupling between the
gate and the channel. Since this coupling is proportional to the
gate/electrolyte interfacial area, controlling the gate size provides
a direct way to amplify or suppress the NDT effect. In other
words, NIR light acts as a dynamic, external stimulus to induce
NDT, while the gate size governs the capacitive coupling that am-
plifies its magnitude.
Figure 4 illustrates the dependence of the NDT characteris-

tics on the gate/electrolyte interfacial area under NIR illumina-
tion. To systematically investigate this effect, we varied the gate
area from 1 mm2 (small gate), 4 mm2 (medium gate), to 9 mm2

(large gate), as shown in Figure 4a–c. The corresponding trans-
fer curves are presented in Figure 4d–f. For the small gate, ID
increases from IOFF = 7 nA to IP = 250 nA, then decreases to IV
= 162 nA before rising again to ION = 306 nA. When the gate
area is increased to 4 mm2, IP rises significantly to 6.4 μA, fol-
lowed by IV = 3.3 μA, and a subsequent increase to ION = 5.8
μA. Further enlargement of the gate to 9 mm2 results in an even
higher IP = 15.5 μA, IV = 5.6 μA, and a recovery to ION = 12.5 μA.
These results clearly indicate that increasing the gate/electrolyte
interfacial area enhances both IP and the overall current level of
the OECTs. This behavior originates from the fact that a larger
gate area provides a higher interfacial capacitance, which reduces
the potential drop across the gate/electrolyte interface and directs
more of the applied VG to the semiconductor/electrolyte inter-
face, thereby enabling stronger ionic doping and higher charge
accumulation in the polymer channel.[51] The gate area depen-
dence is further reflected in the extracted transconductance, gm
(Figure 4g). The maximum negative transonductance improves
markedly with increasing gate area, from ≈1 μS for the small
gate to 85 μS for the large gate. Similarly, the PVR shows a
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Figure 4. Device schematics with different gate electrode sizes: a) small, b) medium, and c) large. Transfer characteristics of the devices for d) small,
e) medium, and f) large gate areas. g) Corresponding transconductance curves as a function of gate voltage h) Peak-to-valley ratio as a function of gate
size.

monotonic improvement with gate size, increasing from 1.5
for the small gate to 2.7 for the large gate (Figure 4h). These
results demonstrate that the NDT response in OECTs can
be effectively tuned by capacitance engineering, where enlarg-
ing the gate/electrolyte interface amplifies the magnitude and
sharpness of the NDT transition. Additional representative de-
vices with the same gate-area configurations (Figure S16, Sup-
porting Information) further validate this trend, confirming
reproducible gate-geometry-dependent enhancement in NDT
behavior.
Figure 5 summarizes the implementation of light-responsive

logic circuits based on a current-driven OECT configuration. To
examine the implications of optical reconfigurability, we em-
ployed an inverter-like topology in which the OECT is connected
in series with a current source (Figure 5a). The input voltage (VIN)
is applied at the gate (VG =VIN), the output voltage (VOUT) is mea-
sured at the drain, and a supply voltage (VDD) is applied to the
source. The drain current (IOUT) is set by the bias current (IB)
provided by a current source, making the OECT the primary ac-
tive element.[52]

Under dark conditions (Figure 5b), this configuration deliv-
ers conventional binary logic behavior. Specifically, Logic state
“1”: At strongly negative VIN, the OECT is fully on, exhibit-
ing low channel resistance (Ro), and a high drain current (ID

> IB). Consequently, VOUT approaches VDD, since VOUT = VDD
– IB × Ro. Logic state “0”: As VIN becomes less negative, the
device turns off, leading to a significant increase in Ro with
ID < IB, driving VOUT toward −VDD. Illumination significantly
alters this landscape on the fly. As shown in Figure 5c, un-
der NIR exposure, the OECT develops NDT characteristics, en-
abling ternary logic with three distinct states. Logic state “1”:
At large negative VG, the OECT is in the on state with low
Ro, resulting in VOUT ≈ VDD. Logic state “½”: Within the NDT
region, ID balances the bias current IB, causing VOUT to sta-
bilize between VDD and −VDD. Logic state “0”: At weak VG,
the channel resistance becomes large, and VOUT approaches
−VDD.
A schematic in Figure 5d illustrates this light-controlled

switching between binary and ternary logic regimes. This dy-
namic reconfigurability, achieved through optical stimulus, paves
the way for multifunctional circuit elements capable of adapting
their logic behavior in situ. Such systems can be useful in smart
sensor interfaces, light-sensitive decision-making systems, mul-
tivalued logic circuits, and neuromorphic devices. The seamless
and reversible nature of this reconfiguration highlights a promis-
ing direction for next-generation organic and hybrid electronics,
where computation and sensing are tightly integrated within a
single adaptive platform.
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Figure 5. a) Circuit schematic of the current-driven OECT. b) Voltage transfer characteristics (VTC, blue line) of the circuit in the dark, shown alongside
the OECT transfer curve (black line) without a current source. c) VTC of the circuit under 7 mW cm−2 NIR illumination, with the corresponding OECT
characteristics. d) Schematic illustration of optically induced logic reconfigurability, highlighting transitions between binary and ternary logic states.

3. Conclusion

In conclusion, we have demonstrated a simple yet efficient strat-
egy to induce and control NDT characteristics in OECTs us-
ing NIR illumination. By combining a NIR-absorbing polymer,
p(C4DPP-T), with a KI-based electrolyte, the devices transition
from conventional binary switching to ternary operation, with
well-definedmultistate responses emerging under controlled op-
tical excitation. The NDT behavior originates from light-induced
hole generation in the polymer coupled with iodide redox pro-
cesses leading to triiodide formation. We further showed that the
sharpness and strength of the NDT effect can be enhanced by
enlarging the gate/electrolyte interface, underscoring geometry
as an effective design lever to complement optical control. The
resulting “N”-shaped transfer characteristics were successfully
exploited in optically reconfigurable inverter circuits, enabling
seamless switching between binary and ternary logicmodes. This
light-driven adaptability establishes OECTs as a versatile plat-
form for future optoelectronic technologies that unify logic, neu-
romorphic computing, and multifunctional sensing in a single
device.

4. Experimental Section
Organic electrochemical transistors were fabricated on standard glass mi-
croscope slides (75 mm × 25 mm) that were cleaned by ultrasonication
in a Micro-90 detergent solution, rinsed, and sonicated in a 1:1 acetone–
isopropanol mixture, followed by N2 drying.

Gold source, drain, and gate electrodes were patterned by standard lift-
off photolithography. A positive photoresist (Microposit S1813) was spin-
coated, soft-baked at 110 °C for 60 s, and exposed through a photomask

using a mask aligner. The resist was developed in MF-26A developer and
rinsed with deionized water. A thin adhesion layer of Cr (5 nm) followed
by Au (80 nm) was then deposited by sputtering. Lift-off was performed in
acetone (6 h sonication), resulting in well-defined coplanar source, drain,
and gate electrodes on the same substrate.

Two layers of parylene-C were subsequently deposited. A 1% (v/v)
Micro-90 soap solution was spin-coated between the layers to enable the
selective removal of the upper parylene layer, while the bottom layer elec-
trically insulated the electrodes.

The transistor channel opening was defined via a second photolithog-
raphy step, aligned to the first electrode mask using optical alignment
marks to ensure accurate registration with the metal contacts. After
exposure and development, the parylene-C in the channel region was
etched using reactive-ion etching (O2/CHF3 plasma, 160 W, 16 min; 50
sccm O2/5 sccm CHF3), exposing the channel area between source and
drain.

A p(C4DPP-T) semiconductor solution (5 mg mL−1 in chloroform) was
spin-coated at 1000 rpm to yield a ≈90 nm film. A soft-bake was per-
formed at 60 °C for 1 min, after which the sacrificial parylene-C layer was
peeled off using adhesive tape, leaving the polymer only in the defined
channel window with precise alignment to the electrodes. A final anneal-
ing step at 60 °C for 15 min completed the device fabrication. Channel
length and width were 100 and 25 μm, respectively. Electrical measure-
ments, including current–voltage characterization, were performed using
a Keithley 2400 SourceMeter.

Cyclic voltammetry (CV) measurements were carried out under ambi-
ent conditions using a standard three-electrode configuration. An aque-
ous 10 mM KI solution was used as the electrolyte, with a scan rate
of 15 mV s−1. An Ag/AgCl aqueous reference electrode and a platinum
counter electrode were employed, while the working electrode consisted
of polymers spin-coated on ITO substrates. All potentials were mea-
sured relative to the Ag/AgCl reference electrode. For absorption and XPS
measurements, the films were doped by applying fixed potentials during
CV at different bias conditions, and spectra were recorded at each bias
point.
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