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Fig. 1. Schematic and band diagram of TMDCs homojunc-
tion based on electric field regulation.
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Fig. 2. TMDCs homojunction photodetectors based on electric field regulation: (a) Schematic diagram of homojunction controlled
by local gates; (b) output characteristics under different gate voltage configurations; (c¢) photoresponse of the device in PN configur-
ationl*!; (d) schematic diagram of homojunction defined by ferroelectric polarization; (e) I, and V,, at different laser powers; (f) the
response time of photocurrent; (g) schematic diagram of homojunction regulated by UV-induced electric field; (h) variation of

output characteristics with writing voltage; (i) dynamic responses under different laser powers.
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Fig. 3. Schematic energy levels for p-type and n-type SCTD processes of TMDCs.
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Fig. 4. TMDCs homojunction photodetectors based on SCTD: (a) Schematic diagram and circuit diagram of homojunction based on
chemical doping by AlCly under illumination; (b) Ip-Vp curve at Vg = —40 V; (¢) EQE and D" under different wavelengths of light
(Vp =15V, Vg =0, + 40 V)P; (d) photovoltaic effect of vertical homojunction based on CHF; plasma treatment under illumina-
tion; J-V curves of (e) dark state and (f)AM1.5 G illumination/; (g) schematic diagram of laser-induced WSe, homojunction;

(h) Temporal photocurrent response(Vy, = 0V, V, = 40 V) (i) schematic diagram of vertical homojunction based on DUV-in-
duced doping/™.
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Fig. 5. TMDCs homojunction photodetectors based on element substitution doping, defect engineering and thickness modulation:
(a) Schematic diagram and optical image of homojunction based on element substitution doping; (b) modulation of gate voltage on
photovoltaic performance; (c) photovoltaic performance under different optical power(V, = 0, A = 660 nm)P; (d) schematic dia-
gram of single-layer MoS, lateral homojunction based on S vacancy self-healing; (¢) output curve under illumination(A =
575 nm)P; (f) schematic diagram and optical image of vetical homojunction based on S vacancy self-healing!?; (g) the band dia-
gram of single and multilayer MoS, and Ti; (h) schematic diagram of the multilayer/monolayer MoS, junction; (i) photoresponse

characteristics of the device under 470 nm illumination®3.
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Fig. 6. Device structures and corresponding photogenerated carrier transport processes for (a) lateral p-n junction and (b) lateral p-

i-n junction.
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Abstract

In recent years, two-dimensional transition metal chalcogenides (TMDCs) have been widely studied in the
field of photodetection due to their excellent electronic and optical properties. Compared with the more
reported field-effect transistor and heterojunction devices, homojunction devices have unique advantages in
photodetection. This article focuses on the researches of photodetectors based on the homojunctions of TMDCs.
First, the working principle of homojunction optoelectronic device is introduced. Then, the reported TMDCs
based homojunctions are classified and summarized according to the adopted carrier modulation techniques. In
addition, this article also specifically analyzes the transport process of photogenerated carriers in homojunction
device, and explains why the lateral p-i-n homojunction exhibits fast photoresponse speed. Finally, the research
progress of the TMDCs based homojunction photodetectors is summarized and the future development is also

prospected.
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