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Abstract: Conventional artificial visual systems are based on the von Neumann architecture and CMOS technologies, in

which image perception, memory and processing units are physically separated, thus facing great challenges of realizing high-

density integration, low power consumption and high speed.
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most important developing directions of artificial visual sys-
tems. They can not only mimic retinal functions such as re-
sponding directly to light and performing the preprocessing
of visual information like image contrast enhancement and

noise reduction, but also mimic the functions of the visual
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cortex, i.e. , visual perception including pattern recognition and classification. This review focuses on the research progress of

optoelectronic memristors and their applications in artificial visual systems. First, the features of memristor are introduced.

Second, the research progress of optoelectronic memristors is reviewed in terms of materials, structures, working mechanisms

and synaptic function emulation. Then, the applications of optoelectronic memristors in artificial visual systems are discussed.

Finally, the problems of optoelectronic memristors which need be resolved for practical applications are summarized.
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Fig. 1 Overview of the visual pathway from retina to visual cortex! !
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Fig. 3 Structural illustration of the memristor based on Al,05(a), optoelectronic response to light illumination with different wavelengths (b) ;
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[36] ,

structural illustration of the memristor based on ZnO nanowires/Nb-doped SrTiO; heterojunction (¢ ), multiple resistance states achieved by

combining electrical and optical pulses(d) (7] ; structural illustration of the memristor based on ZnO,_,/AlO, heterojunction(e) , schematic il-

lustration of the band diagram of ZnO,_,/AlO, junction(f) , optoelectronic response to UV-light illumination for both high and low resistance

states(g) , short and long term plasticity realized by light pulses with different frequencies(h) , emulation of synaptic long term potentiation and

inhabitation by optical and electric stimuli, respectively(i) (28]
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Fig. 4 Structural illustration of memristor based on InGaZnO ( upper) and current-voltage characteristics before and after light irradiation(down) (a) ,
schematic illustration of the working mechanism(b) , reversible regulation of conductance by optical stimuli(c), emulation of synaptic spike-
timing-dependent plasticity by optical stimuli(d) (321 schematic illustration of the working mechanism of Ag-TiO, nanocomposite -based mem-
ristor(e) , visible light induced long term potentiation (left) and UV light induced long term depression( right) ( f) [38] . decrease of conduct-
ance of ZnO-based memristor upon light illumination with different wavelengths(g), 20 successive conductance increase/decrease cycles by
optical stimuli(h) , data retention characteristics of 10 light-induced conductance states(i) , schematic illustration of the working mechanism

(i), Boolean logic functions by optical stimuli (k) %"}
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Fig. 5

Schematic illustration of filament disruption of HfO,-based memristor(a) , multiple resistance levels by optical stimuli(bh) tet] ;

schematic

illustration of the suppression of formation and the acceleration of annihilation of iodine vacancies in MAPbI;-based planar memristor(c) ,

emulation of synaptic long term potentiation and depression by electric and optical stimuli, respectively (d) (2], structural illustration of

MAPDI;-based vertical memristor(e) , post-synaptic current as a function of the applied electrical pulses upon light illumination(f) , sche-

matic illustration of the working mechanism( g) Lo9]
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