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Abstract: With the rapid advancement of artificial intelligence, the traditional von Neumann architecture can hard-
ly satisfy the increasing demand for computing power due to the separation of memory and computation. Neuromor-
phic computing, inspired by biological nervous systems, offers a promising alternative to overcome this bottleneck.
Optoelectronic synaptic devices have attracted extensive attention owing to their fast response and low power con-
sumption. Among diverse material systems, organic semiconductors exhibit great potential by virtue of superior flexi-
bility, transparency and facile fabrication. Herein, an organic optoelectronic synaptic device with two-dimensional
MXene interface modification is fabricated with the structure of ITO/PEDOT : PSS/PM6: Y6/MXene/PFN-Br/Ag. MX-
ene modification effectively enhances the photoelectric responses under 380 nm, 525 nm and 808 nm light illumina-

tion. Under 808 nm optical pulse stimulation, the paired-pulse facilitation index reaches 113. 6% at At = 1 s, higher
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than 109. 2% of the reference device. The device also stably implements multiple synaptic plasticities including SD -

DP, SNDP and SRDP. Furthermore, a handwritten letter recognition model is established based on synaptic behav-

iors. The MXene-modified device achieves a high recognition accuracy of 92. 3%, outperforming the 90. 1% of the

reference one, which demonstrates its promising application prospects in neuromorphic vision systems.

Keywords: Optoelectronic synapse; Organic bulk heterojunction; MXene; Interfacial modification
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Fig. 1 (a)Schematic diagram of human visual nerve synapses; (b) Molecular structures of PM6 and Y63 (¢)Schematic diagram

of the device structure; (d) TEM image of MXene; (e) SEM image of the device; (f) Optical absorption spectra of PM6,

Y6, and PM: Y6 thin films.
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Fig. 2

(a).(b)I - V characteristics of the spin-coated MXene device and the reference device under 380 nm light illumination,

respectively; (¢) . (d)I = V characteristics under 525 nm light illumination; (e) . (f)I = V characteristics under 808 nm

light illumination.
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(a) Comparison of EPSC responses between the spin-coated MXene device and the reference device under 808 nm near-

infrared light pulse stimulation; (b) Comparison of PPF responses of the two types of devices under 808 nm light pulse

stimulation ; (¢) Comparison of PPF indices of the two types of devices; (d) . (e)Synaptic response(SDDP)of the two types

of devices under different pulse widths; (f) . (g) Synaptic response (SNDP) of the two types of devices under different

pulse numbers; (h) . (i)Synaptic response(SRDP)of the two types of devices under different optical pulse frequencies.
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Fig.4 (a)Conductance state modulation of the device (10 states) ; (b) LTP/LTD cycling curves of the memorizing and forgetting
processes of the device; (¢)Photoresponse diagram of EL for STM-LTM transition; (d)Schematic diagram of EL character-
istics of the optically controlled memristor.
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Fig.5

(a) AFM images of ITO/PEDOT: PSS/PM6: Y6 and (b) ITO/PEDOT : PSS/PM6: Y6/MXene; (¢) C-V curves of the spin-

coated MXene device; (d) Fitted C-V curves of the spin-coated MXene device; (e) Impedance analysis curves of the spin-

coated MXene device; (f) C-F curves of the spin-coated MXene device; (g) TRPL spectra of the MXene-layer-modified de-

vice and the reference device;

removal.
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(a)Schematic diagram of handwritten recognition based on CNN neural network ; (h) Accuracy curve after 100 training ep-

ochs; (¢)Loss curve after 100 training epochs; (d)Confusion matrix after 100 training epochs; (e) Recognition results af-

ter 100 training epochs.
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