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Abstract: Artificial neuromorphic devices are considered the key component in realizing energy-efficient and brain-inspired

computing systems. For the artificial neuromorphic devices, various material candidates and device architectures have been

reported, including two-dimensional materials, metal-oxide semiconductors, organic semiconductors, and halide perovskite

materials. In addition to conventional electrical neuromorphic devices, optoelectronic neuromorphic devices, which operate

under a light stimulus, have received significant interest due to their potential advantages such as low power consumption,

parallel processing, and high bandwidth. This article reviews the recent progress in optoelectronic neuromorphic devices using

various active materials such as two-dimensional materials, metal-oxide semiconductors, organic semiconductors, and halide

perovskites
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Fig. 1. (a) Operation mechanism of the ITO/Nb:SrTiO;-based optoelectronic synapse and (b) transition of STM-to-LTM by the number and

frequency of the light stimuli, and the behavior of learning-experience. Reprinted (adapted) with permission from [23] (Copyright 2020

American Chemical Society).
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Fig. 2. (a) Device structure, optical image and topography image of PZT/WSz-based optoelectronic synapse (Raman spectrum of WS: flake),
(b) ferroelectric properties, current-voltage curve, and conductance state variation as a function of electrical pulses, (c¢) schematic of human
brain memory model, and (d) transition of STM-to-LTM as a function of number and frequency of light pulse. Reprinted (adapted) with

permission from [28] (Copyright 2020 American Chemical Society).
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Fig. 3. (a) Fabrication process of IGZO/CsPbBrs-based transistors and surface analysis data, (b) X-ray diffraction, absorbance, and
photoluminescence properties, (c) threshold voltage shift and PSC variation as functions of bias and time, and (d) emulation of classical
conditioning. Reprinted (adapted) with permission from [31] (Copyright 2021 American Chemical Society).
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Fig. 4. (a) Device structure, energy level diagram, and current-voltage characteristics of PDVT-10/N2200-based transistors and (b) emulation
of synaptic functions using PDVT-10/N2200-based devices. Reprinted (adapted) with permission from [32] (Copyright 2021 American

Chemical Society).
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