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Abstract: Two-dimensional (2D) materials, which have a thickness on the atomic scale, have attracted wide
attention due to their unique physical and chemical properties. Because of their high carrier mobility, strong light-
matter interaction, and anisotropic electronic/optical properties, etc., 2D materials show promising applications in
optoelectronics. Among the 2D materials, narrow band gap semiconductors, such as black phosphorus, black
arsenic phosphorus, etc., have shown huge potential in infrared photodetectors and have become star materials in
infrared photodetectors. In this review, recent advances in 2D materials in infrared photodetectors are introduced,
with an emphasis on photodetectors depending on the inner photoelectronic effect. First, the background of 2D
materials is introduced. Then, the key parameters for infrared photodetectors, such as the responsivity, quantum
efficiency, specific detectivity, and response speed, are listed. This is followed by the presentation of the recent
advances of 2D materials in infrared photodetectors, which is divided into three parts: single component 2D

material photodetectors, heterostructure infrared photodetectors, and waveguide photodetectors. Finally, a
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summary and outlook are provided for a guideline. We hope the present review will show the huge potential of

2D materials in infrared photodetectors and attract more exciting work on infrared photodetectors based on 2D

materials in the future.
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Fig.1 BP and b-AsP photodetectors. (a) Crystal structure of BPP®; (b) Modulation of the bandgap of BP by electrical field®*); (c) Modulation of the

photoresponse of BP by electrical field®”. Modulation of the bandgap and photoresponse of BP by strain®®”: (d) Modulation of photoluminescence

by strain; (e) Schematic of the BP photodetector on PETG flexible substrate; (f) Photoresponsivity vs wavelength and strain. b-AsP

photodetector*”: (g) Absorbance spectrum of b-AsP with 17% P; (h) Photoresponsivity and EQE vs wavelength
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Fig.2 Photodetectors based on transition metal chalcogenides. (a) Photoresponse spectrum of MoTe, photodetector®”; (b) Enhancement factor vs

wavelength of the Au hollow nanorod enhanced MoTe, photodetector!

32, PtSe, photodetector™: (c) Crystal structure of PtSe,; (d) Dynamic

photoresponse of monolayer PtSe, photodetector; (¢) Dynamic photoresponse of bilayer PtSe, photodetector; (f) Bandgap of PtSe, vs defect

concentration
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Fig.3 Te nanosheet photodetector. (a) Crystal structure of Te!*®!, Photodetector based on Te nanosheet from hydrothermal synthesis®”: (b) Schematic of

the photodetector; (c) Photoresponsivity vs wavelength and laser power; (d) Anisotropic photoresponse when irradiated by 2.3 pm light.

Photodetectors based on Te nanostructures synthesized from chemical vapor deposition!®’): (¢) Photoresponse of nanowire and nanosheet detector

to black body irradiation; (f) Anisotropic photoresponse of nanosheet detector
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Fig.4 Bi,0,Se photodetector. (a) Crystal structure of Bi,0,Se'*. Performance of Bi,0,Se photodetector™: (b) Photoresponse spectrum and absorbance

spectrum; (c) Photoresponsivity vs bias voltage and light power; (d) Response time
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Fig.5 Heterostructure photodetectors. Avalanche photodetector based on InSe/BP heterostructure!’”: (a) Device structure; (b) Schematic of ballistic
avalanche; (c) Photoresponse. Interlayer exciton photodetector based on WS,/HfS, heterostructure!”: (d) Device structure; (¢) Current vs voltage
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(g) Device structure; (h) Band structure under reverse bias; (i) Specific detectivity vs wavelength
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