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Fig. 1. Schematic illustration of optoelectronic memristor in terms of materials and mechanism, device and characteristics, func-

tions and applications[14‘19.3(),41‘44.64,72‘ 95,96]
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Fig. 2. (a) Structural illustration of the MoO, ORRAM; (b) pulse-switching characteristics of Pd/MoO,/ITO device; (c) schematic
of switching mechanismP’; (d) schematic of PDR1A based optical memristor; (e) conductance modulation of ITO/ZnO/PDR1A/
Al device; (f) schematic of the PDR1A molecules®.
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Fig. 4. (a) Schematic diagram of optoelectronic synapse with ITO/CeO,_,/AlO,/Al structure; (b) schematic energy band diagram
demonstrating memristive characteristics!'¥; (¢) schematic of biological synapse and Si-NC-based device; (d) schematic illustration of
the band structure and charge carrier transport of Si NCsP; (e) schematic of light modulation BP@PS memristor; (f) energy band
diagram explaining RS mechanism(®; (g) schematic of memristive synapse based on monolayer MoS,; (h) schematic illustration of
the resistive switchingl?l.
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Fig. 5. (a) Structural diagram of all-inorganic perovskite optoelectronic synapses; (b) optical switching characteristics under UV
light; (c) potentiation and depression behaviors under electrical stimulation®); (d) schematic illustration of Al/GO-TiO,/ITO
memory device; (e), (f) the effect of UV irradiation time on forming (e) and switching voltages!'¥ (f); (g) schematic illustration of

biological synapse and RGO/GO-NCQDs/graphene memristor; (h) photo-reduction process of GO-NCQDs film[™l.
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Fig. 6. (a) Schematic diagram of the Au/Op-IGZ0O/Og-IGZO /Pt device structure; (b) current response depending on light of vari-
ous wavelengths; (c) effect of power density on optical reset behavior; (d) reversible modulation of device conductance; (e) schematic

illustrations of all-optically controlled devicel™; (f) schematic of BP based device; (g), (h) transient photocurrent under 280 nm and

365 nm illumination; (i) LTP and LTD behaviors under consecutive pulse!'“].
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Fig. 7. (a) Fully light-modulated memristor based on Ag-TiO, nanocomposite; (b), (c) transient photocurrent under the illumina-

tion of visible and UV light; (d), (e) the response current depending on irradiation time and intensity; (f) fully light-modulated be-
haviors; (g), (h) operating mechanism of the Ag-TiO, based optoelectronic devicel*?.
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Fig. 8. (a) Structural illustration of TiN,0, ,/MoS, heterostructure-based optoelectronic synapse; (b) optical potentiation process;

(c) paired pulse facilitation function; (d), (e) conductance response depending on the illumination intensity and duration; (f) transi-

ent response under consecutive optical pulses®0.
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Fig. 9. (a) Sandwich-like structure of the Al/TiS;/ITO memristor; (b) RS behaviors modulated by different wavelengths; (c¢) con-
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Fig. 12. (a) Schematic illustration of the human optical nerve system; (b) schematic illustration of the human optical nerve system;
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epochs!109,

148701-14


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

148701

TCASERA L, PR IHAR T 1) 27 1 22 P 2K R A ASLADL A
FTE RGO HFNR O E R ST X TRt
e, FROGME 5 AT | 5 A L AR IR
HAHEERE SR BORZLDE 1000 F5LL L (181 12(Db)
7R ). AR B BOGAR 5 U8 5 S BT 45 58 a5 14 v Ay
ST AR S B AT Y S T S R R
' F AR P ) R ol 2 T 45 3R A T €6 R G =R
Bl HA RS 28 %28 A A T A 41 4 i,
AR 3 AT, SR IR LR R O
B 18 12(c) 2T U2 oA e 8507 -G 1] LA
P& ARl MM e o E S AN (3 i U YT
X TR R B R R PRAR 40%, i B
SRR B G, Zead 50 YA 2T AR
()

Gate voltage
+ -

(c)

b 4
Cross in the (X1, Y1)
field of view Edge filter
T +
+ EB:I : (X23 }}2)
T
+ I (s ¥2)
+
T’fl

Recognition
by ANN

PR 90% (18 12(d))108. d i, St
ot 2 X 45 AE U6 TR A TR 58 T T A% e i 42
25T B R A T R I 55 A
222 PR AL IR

RN 51H 5]
UTH, BEEUR: Miao W54 107 FIIFH WSe,/h-
BN/ AlL,Oq 678 FLE-7 57 50 205 1) S 0 X AP 8 A Je%
%, S EMGIB AL PR REAE Y. ] 13(a) /2 3x3
TR BSOS A% IR R 2 LR . e s B P e
WP SR T A5G P A SR AN TR e [, 35
A= R R R AR A g AR (] 13 (b)) [108:109],
{8 BIASTR A T I 2 P S o7 #5424 1T A7 EIAZUER A

Off photoresponse

4.3

2.0~
Ve=2V
1.5 <
=,
<
1.0 — =
. <
0.5 -
oW W i e
0 150 300 450 0 150 300 450 600
Time/ms Time/ms
(d) y Locating the cross at T,
Predicting the
(X3, Ya) n location at T),41
v
Cl Trace
X1, Y1) e~ !
$ X, 1)::t3 ; —>» | prediction
& ' by RNN
(X, Ya) c:},
X

Time

(e)
—e— Trajectory of the cross measured by our system

261 . Trace prediction by RNN
]
£ uf
el
3
8
~ 2o

20 |-

L I I L I L I I 1 I I
2 4 6 8 10 12 16 18 20 22 24 26
X coordinate
K 13 (a) 3T WSey/h-BN/AL O, 5 57 45 04 40 ) RS AL SR AR5 (b) S BT 45 4 140 AH 1 B FF SR SE MR I ; (c)—(e) BT MAIES

WL 2 55 S F Ak 3 g 10)

Fig. 13. (a) Retinomorphic sensor based on WSe,/h-BN/Al,O5 heterostructure device; (b) the On and Off photo response of hetero-

structure device; (c)—(e) object tracking of neuromorphic vision system!%7).
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SPECIAL TOPIC—Physical electronics for brain-inspired computing

Recent progress in optoelectronic memristive devices
. . k
for in-sensor computing
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Abstract

Neuromorphic computing system, inspired by human brain, has the capability of breaking through the
bottlenecks of conventional von Neumann architecture, which can improve the energy efficiency of data
processing. Novel neuromorphic electronic components are the hardware foundation of efficient neuromorphic
computation. Optoelectronic memristive device integrates the functions of sensing, memorizing and computing
and is considered as a promising hardware candidate for neuromorphic vision. Herein, the recent research
progress of optoelectronic memristive device for in-sensor computing are reviewed, including optoelectronic
materials and mechanism, optoelectronic memristive device/characteristics as well as functionality and
application of in-sensor computing. We first review the optoelectronic materials and corresponding memristive
mechanism, including photon-ion coupling and photon-electron coupling type. Then optoelelctronic and all-
optical modulated memristive device are introduced according to the modulation mode. Moreover, we exhibit
the applications of optoelectronic device in cognitive function simulation, optoelectronic logic operation,
neuromorphic vision, object tracking, etc. Finally, we summarize the advantages/challenges of optoelectronic

memristor and prospect the future development.

Keywords: in-sensor computing, optoelectronic memristor, neuromorphic computing
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