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vancing artificial intelligence technology. Artificial synapses are key hardware for building neuromorphic systems,
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among which photoelectric synapses combine the advantages of electronics and photonics, offering multiple functions
such as optical perception, information computation and storage. Emerging all-optically controlled photoelectric syn-
apses, which allow nonvolatile increase and decrease in conductance by optical signals, can effectively prevent dam-
age to the device microstructure caused by electrical signals, improving working stability, and endow synaptic devic-
es with new functions. Oxide is the most widely used artificial synaptic material because of its ease of preparation and
good compatibility with CMOS technology. This paper reviews the research progress of all-optically controlled (AOC)
oxide synapses with long-term plasticity. The AOC synapses are discussed in terms of conductance modulation meth-
ods, including light wavelength and light power density modulation, focusing on device structure, material selec-
tion, and photoelectric response mechanism. Finally, we analyze the current challenges faced by all-optically con-

trolled synapses.
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Fig. 1  Schematic of the structure of biological synapses
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Tab. 1 Comparison of all-optically controlled oxide synapse
A ARSI gz PETBE MR K /am A6 AL SCHk
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2021 VAR Ag-TiO, PR 365/532 JGHLRON 5 R I AR R RS Ry [22]
2021 T RH AR Zn0 YR T 2 530/650 e 3 PR 2R R [21,65]
2022 HABRRF MAPbBr,/Zn0 La S 365/520 % 18T AU BT 5 A R [84]
2023 LB NiO-32 R 2R LE L 500/450 e B L T AR AR [71]
2023 AR 1GZ0/Z:x0, WA P 405/520 PEEISE Bk e [76]
2023 AR 18R /TIO, W i 635/365 T 4R A 5 S R A [25]
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