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ABSTRACT

This paper reviews recent advances in stretchable artificial synapses based on organic electrochemical transistors (OECTs), high-
lighting their potential for neuromorphic computing, soft robotics, and bio-interfacing systems. Inspired by the efficiency and

o Neural prosthesis

plasticity of biological synapses, organic synaptic devices offer low-voltage operation, solution processability, and mechanical
compliance. To achieve stretchability and flexibility, various materials engineering strategies are discussed, including the blending
of elastomers, molecular design of conjugated polymers, additive incorporation, and geometrical engineering. Stretchable organic

55



SAUMTXISEEX|, 20254 6€, HM4H H15, pp. 55-72
Journal of Flexible & Printed Electronics, June 2025, Vol. 4, Issue 1, pp. 55-72

N

neuromorphic technologies.

nerves, Nervetronics

electrochemical synaptic transistors can emulate both short- and long-term plasticity, as well as excitatory and inhibitory behav-
iors, enabling high conductance tunability, robustness under mechanical deformation, and functionality in wearable and implant-
able systems. Notably, stretchable neuromorphic devices have demonstrated wearable neuromorphic computing and low-power
neuroprosthetics applications. This review highlights the interdisciplinary efforts required for next-generation bioelectronic and
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Fig. 1. Features required in artificial synapses. (a) Functions that occur in chemical synapses. (b) Operating principle of
OECTs and their similarities to chemical synapses. (c) Synaptic plasticity features implemented in OECTs.
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Fig. 4. Strategies for achieving stretchability in organic semiconductors: Geometrical strategies. (a) Transfer process of
ONWs onto pre-strained stretchable substrate (SEBS), followed by strain release to form wavy patterns enabling
deformation without damage under strain. (b,c) Electrical properties of OECTs using wavy-patterned ONWSs
under various strains. (d) Schematic of porous honeycomb structure applied to semiconductor layer. (e) Simu-
lation of applied strain for films on the elastomer substrates with different moduli. (f) Transconductance trends
under strain: dense DPP-g2T film vs. DPP-g2T film with porous honeycomb structure. (a—c) Reproduced with
permission from Science Advances [22]. Copyright 2018, American Association for the Advancement of Science.
(d-f) Reproduced with permission from Nature Materials [45]. Copyright 2022, Springer Nature.
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Fig. 5. Applications of Stretchable Organic Artificial Synapses. (a) Schematic of artificial synapse device using
PEDOT:PSS (pre-synaptic electrode) and PEDOT:PSS/PEI (post-synaptic electrode) and redox behaviors. (b)
Photograph of a flexible artificial synapse. (c) Switching behaviors with 125 conductance states. (d) Schematic
of a 3x3 stretchable artificial synapse array. (¢) Conductance modulation with 800 states. (f) Ideal match be-
tween measured and calculated matrix multiplication results in VMM operations under deformation. (g)
Photograph of a stretchable artificial synapse with all the stretchable components. (h) Photographs of a soft ro-
bot with a biaxially stretchable organic artificial synapse. (i) Current responses of a stretchable artificial syn-
apse during robot operations. (j) Schematics of a stretchable ONW synaptic transistor with a proprioceptive
feedback function. (k) Electrical characteristics of a stretchable ONW synaptic transistor at 0% and 100%
strain in parallel and perpendicular directions to the nanowire. (I) Photographs of leg movement with motions.
(m) Schematic of a paralyzed mouse with neural disorders, recovered motor function using the stretchable neu-
romorphic artificial nerve (SNEN). (a—c) Reproduced with permission from Nature Materials [21]. Copyright
2017, Springer Nature. (d—f) Reproduced with permission from Materials Today Physics [48]. Copyright 2022,
Elsevier. (g—i) Reproduced with permission from Advanced Materials Technologies [49]. Copyright 2018,
Wiley-VCH. (j—m) Reproduced with permission from Nature Biomedical Engineering [51]. Copyright 2022,
Springer Nature.
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SEBS: Styrene ethylene butylene styrene

Tg: Glass transition temperature

D-A: Donor-acceptor

P3HT: Poly(3-hexylthiophene)

PDMS: Polydimethylsiloxane

DPP-TVT: Poly(3,6-di(thiophen2-yl)diketopyrrolo[ 3,4-
c]pyrrole- 1,4-dione-alt-1,2-dithienylethene)

PDCA: 2,6-Pyridinedicarboxamine

PEDOT:PSS: Poly(3,4-cthylenedioxythiophene):poly

(styrenesulfonate)

TFSI-: Bis(trifluoromethane)sulfonimide

DPP: Diketopyrrolopyrrole

CBS: Conjugation-Break spacer

DBB: 1,3-Dibutylbenzene

C6: Hexane

C12: Dodecane

DPPTT: Diketopyrrolopyrrole-thieno[3,2-b]thiophene

Tc: Crystallization temperature

Tm: Melting temperature

FT4-DPP: Fused thiophene diketopyrrolopyrrole

PEO: Polyethylene oxide

ONW: Organic nanowire

DPP-g2T: Poly(2,5-bis(2-octyldodecyl)-3,6-di(thiophen-
2-y1)-2,5-diketo-pyrrolopyrrole-alt-2,5-bis
(3-triethyleneglycoloxy-thiophen-2-yl))

PEI: Polyethylenimine

VMM: Vector-matrix multiplication

AuNP: Au(Gold) nanoparticle

CNT: Carbon nanotube
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