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Abstract: The neuromorphic visual system, which emulates biological visual mechanisms, demonstrates
significant potential for highly efficient visual information processing. In this context, the development of
an optical synaptic device capable of integrating light sensing, storage, and processing functions is of
critical importance. However, current designs encounter performance limitations when balancing

persistent light signal storage with dynamic regulation. To address this challenge, we propose and
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fabricate an optical synaptic device based on a composite of long-afterglow material and PDMS.

Experimental results reveal that the device exhibits a transient brightness enhancement effect under

ultraviolet pulse excitation, followed by a dual-stage decay with fast-to-slow kinetics after the cessation of

stimulation. This behavior successfully mimics the dynamic transition from short-term to long-term

memory in the biological visual system. Furthermore, the device demonstrates a PPF effect, with an

enhancement ratio of 1.35 (4,/4, = 1.35), and achieves nearly a threefold increase in light intensity

(44/4, = 3) under continuous stimulation by nine light pulses. The luminescent response of the device

displays notable temperature dependence: as the temperature rises, the luminescence intensity initially

increases by nearly 1.4 times before subsequently declining. These findings suggest that the long-

afterglow material-based optical synaptic device has potential applications in non-volatile light

information storage and dynamic processing, offering an innovative approach for advancing

neuromorphic visual perception systems.
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optical synaptic device and its material composition

22 KRBERFXGHMES

T D3 4 5 fink #8847 1 6 3R OGS )
3 2(a) B PL OGS 40 B T AT, K A2 0 4 BEFE
365 nm ¥ & O T 2 B — 7 T 520 nm( 510~
540 nm 1t FEl ) B9 25 & S, P R 98 (FWHM) 2
75 nm, X % PB4k (0 RO R H 3 2Rtk 1 B .

(a) 1.0

0.8 1

g
=N

PL/(arb. units)
S
~

0.2
ol
400 500 600 700 800
Wavelength/nm
(b)
Lar == 405 nm
1.2+ w— 365 nm

EPSB/(arb. units)
e o o o =
[\8) ESN (o)} o] (=]

N o
T

T 24-23-22-21-20-19-18-1.7-1.6
Time/s

K2 () KRAHERBHY PLOCIERAE; (b) KAHER BT A )
PR A e i

Fig.2 (a) PL spectral characteristics of the long-afterglow
material; (b) the response of the long-afterglow material to light
input of varying wavelengths
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characteristics
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Fig. 5 Biomimetic synaptic plasticity of long-afterglow synapses. (a) PPF effect; (b) - (f) multi-pulse dependence under different

numbers and frequencies of pulses
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Fig. 6 (a) Long-afterglow optical synapse: temperature
dependence; (b) device-to-device consistency
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