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Research progress of photodetectors based on two-dimensional material van der Waals heterojunctions
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[ Abstract] With their high novelty, two-dimensional (2D) materials have been widely applied in the creation
of photodetectors. In recent years, since different 2D materials can be combined together by van der Waals (vdW)
force without requiring the lattice matching to effectively tune materials’ characteristics, 2D-material vdW
heterojunction based photodetectors were widely and deeply investigated and were remarkably improved in the
optoelectronic performance. In order to thoroughly learn the roles of 2D-material vdW heterojunctions in constructing
highly sophisticated photodetectors, we herewith review the research status of two-layer vdW heterojunction
photodetectors, summarize the achievements in modulating the two-layer vdW heterojunction photodetectors by
various approaches, describe the efforts in constructing three-layer vdW heterojunctions and further improving the
photodetectors’ performance, report the contributions of vdW heterojunctions composed of 2D and topological
materials to the advances of photodetectors, and finally prospect the future trend in developing 2D-material vdW
heterojunction photodetectors. We expect that this work serves as a reference for advancing next-generation

optoelectronic devices based on 2D materials.
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Material Wavelength Responsivity Detectivity Response Ref
aterials ef.
/nm R/AW-! D*/Jones Time/ms
graphene/MoS:2 1440 1.26 / / 41
graphene/MoS: 220 3.4x10° 10" / 42
graphene/MoS: 520 2.1x10° 1.5x1010 / 43
graphene/MoS2 432 2.2x10° 3.5x1013 / 44
graphene/BP 1550 3.3x103 / 4 45
BP/WSe2 1550 3.3x103 1010 0.8 46
MoS2/BP 633 0.418 / / 34
MoS2/BP 532 223 3.1x10" 0.015 35
MoS2/BP 1550 0.153 / / 35
MoSa2/b-AsP / 0.2161 9.2x10° / 47
MoS2/PtSe> 1550 0.021 2.72x10% / 48
MoS2/Mo0Os3 365 0.645 8.98x1010 / 40
WS2/HfS2 4700 8.2x10? / / 49
ReSa/ReSe: 980 0.66 10° 0.006 50
ReSe2/MoTez 2000 1.05 6.66x10"! 5.6 51
GeSe/MoTe2 1310 1.4x10% 1012 0.45 52
GeSe/MoTe2 1050 28.4 5.6x10° / 39
GeSe/ReSe2 1550 2.89x103 4.91x1013 / 53
GeSe/MoSe: 850 0.465 7.3%10° 180 54
InSe/ReSe 980 3.54 10° 0.36 55
WSe2/ReS2 785 0.29 8.02x10"2 / 60
MoSe2/GeSn/Ge 2250 12.75 1.74x101° / 61
WSe2/graphenen/MoSa 532 4.25%103 2.2x10" / 79
h-BN/b-AsP/h-BN 3400 0.19 / / 80
MoTe2/GeSe/MoS2 405~1550 0.723 2.3x10"2 / 81
2H-MoTe2/1T*-MoTe2/MoSe2 530~1550 0.76 3x10° / 82
WS2/BixTes 370-1550 30.4 2.3x101 / 83
graphene/BixSes 1550 10 / / 84
WSe2/BiTes 1550 0.027 / 0.18 91
SnTe/Bi2Ses 1550 0.146 1.15x101° 0.0069 92
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