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Abstract: Photodetecting based on two-dimensional (2-D) material is an important trend for new generation of
photodetection technology. Free of lattice matching, 2-D materials can be easily combined via van der Waals (VDW) force to
materials of other dimensions, such as zero-dimensional (0-D) quantum dots, one-dimensional (1-D) nanowires and three-
dimensional (3-D) semiconductors, to form hetero-dimension ( HD) photodetectors. So far, significant progresses have been
made for 2-D material based HD photodetectors to exhibit obviously higher performance than 2-D material photodetectors. The
merits of VDW HD junctions in photodetection are introduced in this paper, and the photodetector research achievements of the

HD styles including 2D-0D, 2D-1D, 2D-3D, and multi-layer multi-dimension are reviewed. Some insight into the possible
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challenges and future prospects of 2-D materials based HD-structure photodetectors is attempted.
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Fig. 1 Schematic diagrams of typical 2-D material based HD structures
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Fig.2  Schematic and structural diagrams of the 2D-0D HD structure photo-
detectors
a—structural diagram of the graphene/PbS-QD photodetector**)
b—schematic diagram of the phototransistor based on MoS,/PbS-QD
HD structure'®*'  c—schematic diagram of the photodetector based
on graphene/Cu,0-QD HD structure! ) d—structural diagram of

the InGaN-QD/ graphene photodetector ']
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Table 1 ~ Some performance parameters of a few studied 2D-0D HD structure photodetectors
)y 5t WG R/ (A - W) AT U SV
2018 graphene/PhS-QD 0.6~1.55 10*(@1.55 wm) 10" 3x1073 [46]
2018 MoS,/PbS-QD 0.7~0.9 5.4 x10*(@0.85 pum) 10" 9.5x107°* [47]
2019 WS, /PbS-QD 0.8~2.2 1400(@1.8 pm) 1012 0.2 [39]
2019 BP/InP-QD — 1 x10° (@0. 405 pm) 10 — [48]
MoS, /ZnCdSe/ZnS
2019 0.45~0.7  3.7x10*(@0.45 pm) 10'? 0.3 [49]
(core/shell) -QD
2019 Cu, 0-QD/graphene — 1.2x10"°(@0.45 pum) 1.4 x10"? — [40]
2019 InGaN-QD/ graphene 0.45~0.65 1.6 x10°(@0.45 pm) 5.8 x 10 — [41]
2019 ZnS-QD/ graphene 0.2~0.28 0.29(@0.25 pm) 1.41 x10'° 2.8x107° [42]
2021 MoS,/PhSe-QD 1.2~3 137.6(@2.55 pm) 7.7 x10'° — [35]
2021 MoS,/Au-NP 0.4~0.8 1.5(@0.64 pum) 4.75 x 10" 6.5x1073 [44]
2022 MoS,/SnS,-QD 0.3~3 435( @ visible) 7.1x10" 0.1 [36]
2022 ReS,/Au-NP 0.554 ~0.78 2.1(@0.554 pm) 1.12 x10"? 0.2 [45]
2023 MoS,/Ni-NP 0.532~0.98  106.21(@0.532 pum) 1.9 x102 5.3x10°? [43]
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Fig.3  Schematic and structural diagrams of the 2D-1D HD structure photo-
detectors
a—structural diagram of the SWCNT/MoS, photodetector'™)  h—
schematic diagram of the phototransistor based on ReS,/Te-NW HD

[51]

structure c—schematic diagram of the photodetector based on

Se-NT/InSe HD structure %)
WA/PdSe, photodetector**]
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Table 2 Some performance parameters of a few studied 2D-1D HD structure photodetectors

ANy 2y W] 7 95 [FE1/ pum MR/ (A - WL BHMH/ (em « HZY2 - W) BRI LT /s B30
2019 WS,/Sh, Se;-NW — 1.51(@0.52 pm) 1.16 x 10" 8§ x107? [67]
2019 WS,/ CdS-NW — 5472(@0.45 pum) 5.3x10" 2x10 72 [68]
2020 graphene/SWCNT 0.36 ~0.94 204.5(@0.365 pum) — 0.042 [66]
2020 Se-NB/InSe 0.3~0.7 3.2x1072(@0.46 um) 1.7 x 10" 3x107? [52]
2020 SiNWA/ PdSe, 0.2~4.6 0.726(@0.98 pm) 3.19 x 10" 3.4x10°° [53]
2021 Te-NW/ MoTe, 0.52~1.31 3x10*(@0.52 pm) 4.9 x10" 4.8x107° [65]
2022  CH;NH, Pbl;-NW/graphene — 558(@0.655 pum) 2.3x10" 1.9 x10 2 [69]
2023 CuO-NW/MoS, 0.4~0.8 2500( @0.525 wm) 6.5 x10" 2.5x1073 [63]
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Fig.4 Schematic and structural diagrams of the 2D-3D HD structure devices
a—schematic diagram of the 3D-Si/graphene photodetector'”’  b—sche-
matic diagram of the 3D-Si/MoTe, HD photodetector!””’  ¢—schematic dia-

gram of the 3D-GaN/graphene photodetector! ™) d—schematic diagram of

the 3D-Ge/MoS, HD structure device ™!
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Table 3 Some performance parameters of a few studied 2D-3D HD structure photodetectors
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Fig.5 Schematic and energy band diagrams of the multi-HD structure pho-
todetectors

a—schematic diagram of the graphene/PbS-QD/graphene hybrid

structures!®>  h—schematic diagram of the Au-NP/MoS,/Au-NP

hybrid structures ¥

of the WSe,/MoS,/PhS-QD heterojunction upon illumination*’

c—energy band diagram and current transport

d—schematic diagram of the energy band diagram for 3D-GaN/

MoSe,/MoS, heterostructures!*
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Table 4 Some performance parameters of multi-HD structure photodetectors
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