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Abstract: Neuromorphic computing, which mimics the energy-efficient parallel processing capabilities of the human brain, has

emerged as an alternative to traditional von Neumann architectures that struggle with high power consumption in the era of
artificial intelligence (Al). Despite the potential of Si-based neuromorphic chips, they often face fundamental limitations in

integration density and biological compatibility, necessitating the development of next-generation devices that can better emulate

the ionic signaling of biological systems. This review provides a comprehensive analysis of the recent research trends in artificial

synapses and neurons based on organic electrochemical transistors (OECTs), highlighting their unique ability to achieve high

transconductance and mixed ionic-electronic conduction at ultra-low operating voltages. We discuss how OECTs successfully

replicate diverse synaptic plasticities and complex neuronal spiking behaviors through advanced material engineering and

structural optimizations such as vertical architectures. Furthermore, this review discusses the implementation of high-order

neural functions, including associative learning and logic operations, which are facilitated by the inherent electrochemical

dynamics of organic semiconductors. Finally, overcoming current challenges in reliability and scalability will establish OECTs

as a pivotal platform for low-power neuromorphic hardware and bio-integrated electronics.
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Fig. 1. Schematic illustration of OECT device architecture. (a) Planar structure: top-gated (top panel), side-gated (bottom panel), (b) vertical
structure, (c) schematic example and optical microscopy image of an ion gel-gated vertical OECT, and (d) planar structure with channel
dimensions: length (L), width (W), and thickness (d). ((c): Reprinted with permission from Ref. [75]. Copyright 2020, Springer Nature.)

(a ) Inkjet printer s - ( b )

Substrate

M sus

. Semiconductor

Passivation layer

Interdigitated channel
and semiconductor

Inkjet printing

/

e —

Screen printing

Screen printing

—

Aerosol/spray printing

Fig. 2. Fabrication techniques for OECTs: (a) Inkjet printing, (b) screen printing, and (c) aerosol/spray printing. ((a): Reprinted with permission
from Ref. [76]. Copyright 2023, Wiley-VCH GmbH. (b): Reprinted with permission from Ref. [31]. Copyright 2023, Wiley-VCH GmbH. (c):
Reprinted with permission from Ref. [33]. Copyright 2020, American Chemical Society.)
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Fig. 3. Two-circuit model that describes the ionic/electronic coupling
in OECTs. (Reprinted with permission from Ref. [60]. Copyright
2007, Wiley-VCH GmbH.)

OECT= o]-2 3] Z(ionic circuit)?t XA} 3] 2 (electronic
circuit)Q] A3 A28 0 2 thaFkstct (22 3] [60]. o
714 Vo= A2 5AA7] &= o] A/FE &5, ol
StHst= A= AAL 3|29 Mg WAt 2dS
ol 5= = A48 99(Vp < Vo-Vm)olIA Y gne TS
3 2}

—_
~

Gm =" U 1V | (

OECT2] C'= OFETQ] Alo|E A MLkt
7] g0 A& &5l OECT7F AAY F-5°
1S =eld & Qe SHA| g AA| ARPoA = 1%
oA p7t Aaskal, o] 52 A|A 4o Q
£7g0l Bl g o] At hysteresis7t LHERE7| & @
63]. o] = sliAst7] 26l o] 55t W Ash &
gh7lAde mdlo] AIQtE]7] & 5hQiTt [43]. o] 2 gt
E(trapping) 22 OECTY] w24 =XIE

5= dl 53] 5 a5t

< P

N
oE ofr ‘|>'
o o1&
=

0

J
2
48 & o

oy

ro

rok
T )
‘o

o_>.: roL HZI
e
rfo iil
Lo T

o
)
2

(o] —|]__r‘__\l’j.
of stz & #A LRolA d5 Bt
CHA Qs A A RO 7P B a8t Al
=R ](programmlng weight) 2749 &84
) 171 AL (writing/reading voltage), =
2 Z(pulse W1dth), PHCIED oA 4H](energy
consumption per update)= H7}E] 1, 0|25t A| A=
AT e5ol 285 oYA] AlFS A4t et



J. Electr. Electron. Mater., Vol. 39, No. 2, pp. 147-162, March 2026: Jeong 151

A 2 271 A 2 A S ARES] A o | A
o Aot A2, U2 A5 A BT HENIE #3715
7] Y15k S84 @7dolnt. o] 2 §olA OECT+ A& &
A +F IV AHAY 55 S =2 C S 7R 2=,
oA &&/do] ¢ == &S A=

ofUx] &7 oleoe, AI¥AL] AU % (precision)
v A3YY a5 582 Fshe 5 e a4o|t o=
Al A0] =4 H Q| (dynamic range)} 1 H 9] ol A
25 AE|(distinctive state)o] 7|42 FHriEch A W
A7F |FL GE 7T R4S A3 Ye] 7HEAIE UAst
A 28T 2 e 1Y Ao7} 7Hs SR T, o] = EAE
HE =2 e g sh5-Bdske o sttt o] &
2 WA OECTY opg2 14 o] =i E442 1Y
opg = AEA FRiof Qlof SHAAQl Aoz AHEgh
o} 53] o]2igh OECT o] & §/d2 AME= A
ol &, 213 HG 7} PAlo] wet 1 FAsHA £
B2 A 2EE 4 7] diwdl, ©7] 7tad

(short-term plasticity, STP)a} %
plasticity, LTP)2 2% AL 4 QI
OECT: Ol 2 A|HAE o] BAMSH A1 &
/\]-OPOE}]\-] c‘)_]_g_ 0
3|29 RC AP4E U M2o] AR K22 7}
b

stol, o] = x|t mré EDEERBEES

r_ﬂd

lo |

U

t

o

o

1}

4
J,:l o,

threshold VT)Oﬂ Euo}tﬁ OECT= A
o|ApAR AT GARET Ao 3 xu A
CF. 231 R210) AR Ae] 522 Aol g

L=}

>~ Y

AR
T
(spiking frequency), 2-27](refractory perlod)Q} FA SR
Arz 7god 4 =, ol2ist £4 JA] OECTY] o] &
gofato] ojs AL AHA TRLC,

A2xdog OECTh oral AR} Lﬂoﬂ/\
IEEJ(/\I

A2EHR A| AEIOf| A AIEA 7T A A (synaptic plasticity)
ojgt A7 &5 o 7|05t Al FA AA g 2EAT

A A

—_—

= A
L

|'|_|Fl

o}
%

e 52 oujgich OECT Al'gA [21% 4(a)
ES ]

ZXl(paired-pulse facilitation, PPF) & 2d
ired-pulse depression, PPD)e} 742 STP A}
Yet, X&AR1 719 Aol of-&-5he= 7] et &
otentiation/depression)?} 22 LTP HZ[64]S
o2 A|As5) ot [ 4(b)] [17,45,65-68]. STP
RO 2 4 WU E(ms)of|A] 4 Eof o]2 & A2 A7 5
WsHe BF EAQ AA ZFEQ] AAH WS o
O]t} o S Sof PPFO] A2, 3 WA Aufo] 2] ofof
U2 £ W) Anfo] 27t A7tE W % SEH YrSol
s}, OBCT AlYAL o2 &7l gejdoz A}
A THL 2 Yok A W U ol 2ol Y]
o|¢h(relaxation)=] 7] Fof] & ¥4} A|o] E A B2} QI
PHEIR, A o] 2o 913t FakA S S AlRAs
A = (postsynaptic current), &, Ip7} 2 34 27|
wj2olck OhEIHA| 2, nAaH A AF o] § Uehs 2

AR 738 EA4Ql 7HA S 78K post-tetanic potentiation)

|>~

|

—

QO

p

[¢]

&

—_

L]
QL

o o>‘
oXx 12
off 2

ey

F[F

ol
El

O
-

o]

Electro-
polymerization:
Long-term
Potentiation

(LTI

Accumulation:
Short-term
Potentiation
(STP)

Voltage (V)

Drain Current (mA)

Short-Term Plasticity

Long-Term Plasticity

=
=
o M 2
< g
o 2 3
& 2
i 2
g
1n 4 S
H
I
0 -6
0 10 20 30 0 100 200 300 400
Time (s) Time (s)

Fig. 4. Illustrative demonstrations of synaptic plasticity in OECT-
based artificial synapses. (a) An example of OECT synapses formed
by electropolymerization. Depending on the gate voltage spikes at
different ranges or timing intervals, different synaptic functionalities
including STP and LTP are obtained. (b) Excitatory postsynaptic
current responses of organic core—sheath nanowire artificial synapses,
demonstrating short-term (left) and long-term plasticity (right). ((a):
Reprinted with permission from Ref. [77]. Copyright 2019, Wiley-
VCH GmbH. (b): Reprinted with permission from Ref. [78].
Copyright 2016, American Association for the Advancement of
Science.)
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Fig. 5. Early demonstration of synaptic functionalities in OECTs. (a) Device schematic. (b) Long-term potentiation and depression with 500
voltage-controlled conductance states. (¢) Conceptual illustration of decoupled read/write operations enabled by a non-volatile redox cell,
allowing low-power state retention during read processes. (Reprinted with permission from Ref. [17]. Copyright 2017, Springer Nature.)
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