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Abstract: Because of their unique physical properties, the monolayer and few-layer two-dimensional trans-
ition metal chalcogenides with atomic-level thickness are expected to play an important role in the next gen-
eration of optoelectronic devices. However, defects in two-dimensional materials affect their properties to a
great extent. On one hand, defects reduce the fluorescence quantum efficiency, carrier mobility and other im-
portant device parameters. On the other hand, the control and utilization of defects have given birth to new

techniques such as using single-photon sources. Therefore, it is very important to characterize, understand,
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handle and control the defects in two-dimensional materials. In this review, the research progress on defects

and its related carrier dynamics in two-dimensional transition metal chalcogenides is summarized. This paper

aims to sort out the great influence of defects and their related ultrafast dynamics on material performance in

two-dimensional transition metal chalcogenides, and to support studies on fundamental physical properties

and high-performance optoelectronic devices.
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Fig. 1 High resolution characterization of point defects in 2D TMDCs. (a—f) STEM-ADF characterization of six kinds of

point defect in MoS,™; (g—j) STM characterization of defects in four common TMDCs materials, where dark blue

points represent atom defects or receptor impurities, bright yellow points represent donor impurities™; comparison of

optical microscope pictures between (k) fresh MoS, and (1) fresh MoS, after 8 months of atmospheric exposure®”’;

(m—t) ultra-high resolution STM and non-contact AFM characterization of point defects in WS,
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Fig. 2 Steady state spectroscopic studies of defects. (a) The defects can be produced in TMDCs by electron beam, plasma and

ultraviolet irradiation; (b) fluorescence spectrum of monolayer WSe, as it changes with varying argon plasma treat-
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trion/exciton PL intensity ratio (right axis) vary with the gate voltage (below)"'”; (f) band structure (left) and the trans-

ition dipole moment (right) of defected monolayer WS, calculated by DFT!'™); (g)(h) Raman spectrum of monolayer

MoS, with respect to ion beam treatment intensity*”; (i) electroluminescence spectra of defects in monolayer WSe,
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Fig. 3 Suppression of defect state luminescence. (a) Treating the monolayer MoS, with "super acid" and encapsulating it with

CYTOP™; (b) fluorescence spectrum before and after treatment!"; (c) device structure and schematic diagram of

PLQY tuning of the monolayer MoS, through electrostatic doping"*?; (d) PLQY of monolayer MoS, changes with the

gate voltage and pump power!'*”; (¢) schematic diagram of the MoS, treated by laser irradiation (above) and occurred

oxygen physisorption and chemisorption (below)!"*"; (f) fluorescence spectrum of aged MoS, changing with time irra-

diated by laser!"*”!
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Fig. 5 Studies on defect related carrier dynamics of TMDCs based on transient absorption spectroscopy. (a) Schematic dia-

gram of detecting the defect state by using the pump-probe method; (b) pump light and the probe light illuminate the

same position of the sample. The time difference of two light beams changing through optical path difference!®,

(c) schematic diagram of the fast channel (left) and the slow channel (right) of the defect trapping process®!

>

>

(d) the transmittance of the monolayer MoS, to the probe light varying with time under different temperatures®;

(e) change of carrier lifetime of MoTe, at different pump powers®; (f) change in reflectivity of the monolayer MoSe,

with respect to time at different pump powers!'*")
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Fig. 6 Studies of defect-related carrier dynamics in TMDCs using TRPL spectroscopy. (a) Schematic diagram of TRPL to de-

tect the defect state; (b) PL decay curve of free exciton energy in pristine monolayer WS,!"*"; (¢) PL decay curves of
the free exciton (blue line) and the bound exciton (red line) energy in the defective monolayer WS, after being irradi-
ated by an argon ion beam!"*”; (d) comparison of the PL intensities of the monolayer WS, pretreated by laser (circle
area) at a high pump power (above) and a low pump power (below)"**; (e) PL decay curve of the monolayer WS, un-
der different excitation powers. The blue line represents the sample before being irradiated by laser, and the red line

presents that not having been pretreated'*
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