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Photoluminescence Enhancement in Monolayer Molybdenum Disulfide by
Annealing in Air

Shen, Cheng” Zhang, Jing" Shi, Dongxia*“ Zhang, Guangyu**”
(“ Beijing National Laboratory for Condensed Matter Physics and Institute of Physics,

Chinese Academy of Sciences, Beijing 100190)
( Collaborative Innovation Center of Quantum Matter, Beijing 100190)

Abstract Monolayer molybdenum disulfide is a novel two-dimensional material beyond graphene. It is a direct band gap
semiconductor with excellent electrical and optical properties, promising wide application in nanoelectronics and optoelec-
tronics, thus has drawn much attention recently. In this paper, we investigate the enhancement of photoluminescence of
monolayer molybdenum disulfide by annealing in air. Monolayer molybdenum disulfide samples were prepared by mechani-
cal exfoliation and chemical vapor deposition with molybdenum oxide and sulfur as sources, and argon as carrier gas. We
found that air annealing for several minutes can distinctly enhance the photoluminescence intensity of A exciton by an order
of magnitude, which is much better than annealing in argon. The blue shift of A exciton peak is observed after air annealing
for all the monolayer molybdenum disulfide samples prepared by different methods above. We also found that this phenome-
non widely exists in samples with different substrates like silicon dioxide and sapphire. Electrical transport measurements
were carried out and indicate that the carrier mobility of monolayer molybdenum disulfide is largely reduced after annealing
in air, which might mean the formation of considerable defects. This phenomenon is believed to be due to the doping effect
caused by adsorption of oxygen, which is bonded to the defects after annealing. As acceptors, these oxygen dopants change
the distribution of trions and neutral excitons, resulting in less tritons but more neutral excitons. Neutral excitons yield much
higher quantum efficiency. As a comparison, we carried out control experiments in which annealing was in NH; atmosphere.
We found that photoluminescence is red shifted and can be quenched. This research results give a simple and effective
method to enhance the photoluminescence of monolayer molybdenum disulfide.

Keywords molybdenum disulfide; photoluminescence; exciton; charge transfer
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Figure 1 (a) AFM image of CVD grown monolayer MoS, on SiO,
before annealing. (b) AFM image of CVD grown monolayer MoS, on
SiO, after annealing, with no sign of grain boundary separation. (c) Ra-
man spectrum of MoS, before and after annealing with no difference. (d)
PL spectrum of annealed and non-annealed MoS,, represented by blue
and orange curve respectively. The orange line is magnified by 10 times.
It’s obvious that the peak contracts to higher energy as the red arrow
shows
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Figure 2 (a) The comparison of annealing in Ar and air. The contrast of
PL intensity between non-annealed, annealed in Ar for 10 hours and
annealed in air for 8 minutes samples is shown by orange, purple and blue
curve, respectively. (b) PL spectrum of CVD grown monolayer MoS, on
sapphire. Orange and blue represent before and after annealing, respec-
tively. The inset is AFM image of sample. (c) PL spectrum of mechanical
exfoliated monolayer MoS, on SiO, before annealing (orange curve) and
after annealing in air (blue curve). Monolayer MoS, is marked by white
dash line in the inset
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Figure 3 Electrical transfer curve of device made by CVD grown mon-
olayer MoS, on SiO,. The inset is optical image of the device. Electrical
measurement is carried out after the device is annealed in air at 150 C
for 5 min. Electric current declines with an order of magnitude after an-
nealing
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