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Enhanced Photoluminescence of Transferred Monolayer MoS, via
Sulfur Vapor Treatment

WANG Si-yu, XU Ying, LIU Yu-chun

(Laboratory of Integrated Opto-Mechanics and Electronics s School of Optical-Electrical and Com puter Engineering ,
University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Monolayer molybdenum disulfide (MoS,) was prepared on the SiO,/Si substrate by Chemical
Vapor Deposition (CVD) method, and then treated with sulfur vapor at 300 °C after the monolayer MoS2
transferred to desired substrate by polymethyl methacrylate. The morphology and photoluminescence
properties of the samples were characterized by Atomic Force Microscopy (AFM), vacuum fluorescence
detection and Raman spectroscopy. The results show that the photoluminescence intensity of the
transferred monolayer MoS, after sulfur vapor treatment is about 5 times higher than that of the
untreated monolayer MoS, prepared by CVD. This photoluminescence enhancement effect is due to that
part of the sulfur vacancies of the monolayer MoS, are filled by the sulfur atom nanoclusters during the
sulfur vapor treatment, thereby improving the photoluminescence efficiency. In addition, similar
photoluminescence enhancement is observed after sulfur treatment were observed in the monolayer MoS,
transferred to Si0,/Si substrate, quartz, alumina, and magnesium fluoride substrates, respectively.
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(a) Schematic diagram of monolayer MoS, prepared by CVD method
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(b) Schematic diagram of MoS, after PMMA transfer and sulfur vapor treatment
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Fig.1 Schematic diagram of monolayer MoS, prepared by CVD method and sulfur vapor treatment
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(a) Optical microscope image of MoS, prepared by CVD (b) AFM image of monolayer MoS,
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Fig.2 Characterization of monolayer MoS, crystal prepared by CVD method
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Fig.3 PL spectra of CVD-grown 11.-MoS, ., PMMA-assisted transferred 11.-MoS, with

and without sulfur vapor treatment
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Fig.4 PL spectra of MoS, prepared by CVD and MoS, after sulfur treatment in air and under vacuum (1 Torr) conditions
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(a) PL spectra on SiO,/Si substrate at 500 uW laser intensity (b) PL spectra on quartz substrate at 500 uW laser intensity
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Fig.5 PL enhanced spectra of transferred MoS, with sulfur vapor treatment on SiO,/Si and

quartz substrates under the excitation of 532 nm CW laser

BEXH AL B AERERTIR 19 MoS, 19 PL 3§ 5 HAT B — M 19 o] 68, A SCR e B A2 A 6] 9 RF IS b, AT 80
ZEAS AL PR S 8. A AT S AT E 4 A2 = A A 48 (Aluminium Oxide, AL O;) Hl b B (Magnesium
Fluoride, MgF,) % JiE K SLHEFE L 10 MoS, WilE. S50 25 48 KB BR LA S10, /St Fl A7 9 by 5 i 19 55 40 25 4 A ).
Wk 6Ca) L (b) BN A4 il 4 (1 MoS, MRS 7E AL O, Rl MgF, 4K I, 4o B 28 b 3R L 7T AW 2% 5]
KL 3 PO R 4 X — S5 R R B 728 TR 1 MoS, 19 PL 358 AE M & Ta45 Si0,/Si Ak,
AL O, F1 MgF, BSR4 .

800 200

. —=— Transferred on ALO, ~ —=Transferred on MgF,
2: 700 —e— Sulfur vapor treatment 3 ——Sulfur vapor treatment
. 600 5150
% 500+ g
E 400l £100
2 400 3
5 300f §
£ 2001 g 20
d
= 100} =

0 . 0 1 L f 1

550 600 650 700 750 800 550 600 650 700 750 800

Wavelength/nm Wavelength/nm
(a) PL spectra of MoS, on the Al O, substrate (b) PL spectra of MoS, on the MgF, substrate
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Fig.6 PL spectra of transferred MoS, with and without sulfur vapor treatment on different substrates
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