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Fig. 1. Reconfigurable PCHT architecturel'l: (a) Schematic diagram of reconfigurable PCHT, array and chip; (b) optical image of

our monolithic integrated reconfigurable PCHT array; (c¢) 3D parallax reconstruction principle. Reproduced with permission from

Springer Nature.

178502-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 17 (2025) 178502

Ly (WSey) StZERI G R AL MIAE (PCHT)
WEZ. AE RS e, ] SR A ) D g S 5T R T
IR G20 R ARG S LR A SEA R R .
A RN 2 Ab 75T, PCHTs 2R CMOS
(AN AP ) QA R R a5, R
e P Tl S R T A A AR S RS RN 3 2
R AG B T A %) S T R 2 ) 4 A X 8 36 DD ke
(an&l 2 fr7R). PCHT #5440 = Fh ol P14 T4
2 (E 2(a)—(c)), 4 R AS ] (RN Sh g 30
BEEECUF, AN EA R S WSe, 2, YEHRS]
K PRI R T S5 2 = A T I RRORRN, S
RIS ZE M () e (B AR FRL R 5, mT RS B
A, FERASRET, fMERTE IGZO0 )2,
n BRI F R TR R, FROEH R | i LR

M A A S MR S B U AR = U [ B
WD R T, # 42 B Ik %) I I o) 7
P, i LT R DU TE B 0, B TR R R R A
S EMEL. K 2(d) BaR T PCHT MIZE5IhfE
B, A BAE X H T e g (1 2(e)—(f)) A
G (F 2(g)—()) LRI, 25 UES
ZARG e B SHiE R, i3 PCHT
—IEKJJM RS SRS ] U4, I HL 3l S
U {E DO FEAY 142 pW, 3 A IR IFE = 4k i 15 R 58
W LA R X R G A I A B S SR
B E, A B H =2k i R AT LR
T2 5T S = 2 2 T e R R A SR A 3
PR, RGRHZEATEFHEE0, IFA7E2E 40
K, AT LIk F] 33 frames /s (= IR 504 Ok 4

(a) (b) (c)

Memory Acquisition Ambipolar mode
Vour 0 V Vout &5 V Vout
_ — — — Vi=5V =
Vi=0V t[p Vo=5V V1—0VI“ I tIp Vo=5V L Inj t[p Vo=5V
ooee + + + +
0000 0000 000 0000 e
Gate Gate Gate
Tows = 1| Towe = |Ip|=|1n] Tou = [Tp|+ | 1|
(d) (e) (f) 75 (8)
Ve >0 } Inverter mode Memory Memory A Ex =
V>0 V,=10 V 89 808 nm
60 | og s
2 Tl 033
= £ 45 10s 94,7 4
] = s =
V. 2 5 244 i 34 = TR
K] L
out \; ~ 30 /g o 5 % E g
Memory (V> 0) ~ g o After Ex
@ 532 nm S N IS
15 @ 635 nm O[e]Y ;Ln_c
808 nm 0 el 12
0 50 100 150 200 250 0 3 6 9 12 0 50 250 300
Time/s Pulse number Time/s
Inverter mode . .
(h) () — ()
Inverter mode Acquisition 0.3 808 nm
Acquisition 3pVy=—-10V Vi=0V, V=5V
990 ] .
Ve <0 $8,82382383
2 T 8
§ % 2 29099 ,000°
Acquisition (V < 0) . 5 C[RefSAeREn R
E 5 Tl
3 Q 9
Ve <0 } < ~ 10 s
N 1LEor |
L3 ‘
- - - - ©3r 9 532 nm -
Constant AT 1z o ©635nm C V=10V
10 /[olr 2 808 nm 0
0 20 40 60 80 0 3 6 9 12 70 140 210 280
Vout Time/s Pulse number Time/s
Kl 2 PCHT &ERGHREN  (a) ZhA MG TAENLRIRTY; (b) # S BURB TAEDLHIAE R (o) BUR T2 T AE ML A ;

(d) PCHT %20 LI s (e)—(g) BB R 5 (h)—() SSa=my . 51 & R TR A AL

Fig. 2. PCHT mode-dependent optoelectronic performancel!l: (a) Model of the operation mechanism of the dynamic imaging mode
with temporal-dependent storage; (b) model of the operating mechanism of the constant perception mode for static imaging;
(c) model of the operation mechanism of the ambipolar mode; (d) equivalent functional circuit of the reconfigurable PCHT;
(e)—(g) dynamic mode response; (h)—(j) static mode response. Reproduced with permission from Springer Nature.
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Fig. 3. 3-dimensional (3D) parallax reconstruction demonstration!: (a) Schematic of the reconfigurable PCHT array hardware
architecture; (b) algorithmic methodology of the 3D parallax reconstruction; (c) stereo morphology reconstruction of a complex ob-
ject assembly. Scale bars, 10, 5 and 5 pixels in z, y, z, respectively; (d) 2D depth field mapping of two spatial configurations; (e)
demonstration of multi-viewing coupling; (f) surface reconstruction of the bulbus oculi of a normal (top) and myopic eye (bottom).

Reproduced with permission from Springer Nature.

178502-4


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
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. 74, No. 17 (2025) 178502

YIRS (K 3(c)) “4EREMET (K 3(d)),
DI Z AR A B (& 3(e)—(f)) FEIhEE. HLAh,
V3R 20 L S B G 4R s i S G IR B0 25
(RS TR (1] 3(f)), SRUE T2 B =4 E At
TrRe e IR BR A 65 A R frg 1o, FH T 4 74

X LIS HA — 4 AVS RSG5 51
e (N 1), 4550 PCHT #aF45+ 5/ 8 (4
[l 4), I HRGEEHE (CRIRFRZ 0.14 nW) ik
M 17 31 T T 2 B0 B S8 3, (L g 7 i i) B
b N TALSE RGEMG i —25 (<10 ms), J5ZE0] %5 &
FEMR N B[R] BT 1 AT RGEZER R Ak

F1 SR AVS KESET R
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Fig. 4. Comparison of three different AVS device structures: (a) Gr/h-BN/MoTe,/MoS, structurel®; (b) WSe,/BN structurel®’;

(c) IGZO/WSe, structurel.
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SPECIAL TOPIC—2D materials and future information devices

Multidimensional heterogeneous integration of two-
dimensional materials and artificial visual systems: Frontier
innovations and paradigm-shifting advancements”

WEN Yu!? HAN Suting? ZHOU YeVf

1) (Institute for Advanced Study, Shenzhen University, Shenzhen 518060, China)
2) (Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic University,
Kowloon, Hong Kong 999077, China)

( Received 30 May 2025; revised manuscript received 28 June 2025 )

Abstract

Artificial visual system (AVS) has received increasing attention for their transformative potential in fields
such as medical diagnostics, intelligent robotics, and machine vision. Traditional silicon-based imaging
technologies, however, face significant limitations, including high energy consumption, limited dynamic range,
and integration challenges. Two-dimensional (2D) semiconductor materials, such as MoS,, WSe,, and black
phosphorus have emerged as promising alternatives due to their atomically thin structure, tunable bandgaps,
high carrier mobility, and superior optoelectronic properties. In this work, recent breakthroughs in the
integration of 2D materials with AVS are investigated. Highlighted is the development of a reconfigurable four-
terminal phototransistor array based on WSe, and IGZO heterostructures, which enables monocular 3D
disparity reconstruction without the need for multiple cameras or active light sources. The system demonstrates
a dynamic imaging rate exceeding 33 frames per second and supports real-time sensing, memory storage, and
ambipolar mode switching with ultralow power consumption (as low as 142 pW). Key innovations include

multifunctional device architectures that simulate the

retinal photoreceptors, bipolar cells, and even neural m

synapses, achieving functions such as image sensing, W

real-time adaptation, color recognition, motion tracking, 2 aads
A

and multimodal perception. Furthermore, by simulating

the human neurovisual pathways, these 2D material- ——
based devices can potentially realize in-sensor
computing and neuromorphic processing, which
substantially reduce data transfer bottlenecks and

energy overhead. Nonetheless, the field is still in its

formative stage. Here, several critical bottlenecks are
emphasized: the lack of scalable, defect-controlled
synthesis of 2D heterostructures; the limited spectral

bandwidth and color fidelity of current photonic

components; the immature state of neuromorphic BlaclPeieR e Rorus MoS,

elements, which often lacks stability, long-term

* Project supported by the National Natural Science Foundation of China (Grant No. 62304137), the Natural Science
Foundation of Guangdong Province, China (Grant Nos. 2023A1515012479, 2024B1515040002), and the Graduate Education
Innovation Plan Project of Guangdong Province, China (Grant No. 2025JGXM _151).
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memory, and bio-realistic plasticity. Moreover, the practical integration with real-world applications requires
compatibility with high-density manufacturing and dynamic, multi-modal environments. In the future, artificial
vision platforms, empowered by engineered 2D materials and heterostructures, will develop into highly compact,
intelligent, and context-aware agents capable of autonomous perception and interaction in complex real-world

settings.

Keywords: two-dimensional materials, artificial visual systems, 3-dimensional visual information acquisition,

bio-inspired sensory perception
PACS: 85.30.—z, 87.19.1t, 85.35.—p, 77.55.df DOI: 10.7498/aps.74.20250703
CSTR: 32037.14.aps.74.20250703
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