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Fig. 1. Structure diagram of monolayer MoS,: (a) Top view;

(b) side view.
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Fig. 2. Flow chart of wet transfer of monolayer MoS,.
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Fig. 3. (a) Energy band structure of intrinsic MoS,; (b) imaginary part of the intrinsic monolayer MoS, dielectric function.
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Fig. 4. Band structure diagram of monolayer molybdenum disulfide under different tensile strains (1.0%—10%).
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Fig. 5. (a) Variation of energy of point I" and point K on the maximum price band (VBM) with the increase of stress; (b) variation

curve of band gap width of monolayer MoS, with tensile strain.

217101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 217101

B AR SHLTR , ()RR M i ) P R S5 T i

.
JE, REAF A bl A A Bl 8L LR MoS, 2R
55

JEE B A (AR A5G R AN R 5(b) iR, i
AN i B A N A R 2 s ).

& 6 A EL)Z MoS, FEAMERS AL A 5% T
MRS EE (DOS) A% (PDOS) K, Hr
Mk DOS E, Bk PDOS . 4y il i s
FTAG TR T B Tk, A3 B AR R d
BT p P, TEREH—6 eV F-1 eV HIEH
P, Mo-d HUIE AT S-p BB A2 L ARAARL, FIH P
H R AR &, X T Mo-d B S-p Hil
[EIE AR T o BEA EAEH. 761 eV 3] Fermi
RELLIE BN, Mo-d B3 A1 S-p L3l 18] T8 R 3 45
55 02 B AR LA L SRR R X AR A A
TR, SN IR AR S gAY 454 A AR 16291,

% (2)

Energy/eV

(b)

Energy/eV

6 HJ2 MoS, 7E (a) FERAEFN (b) FLALAE 5% T B2 % K K
Fig. 6. Electron density of states of monolayer MoS, for (a)

zero strain and (b) 5% tensile strain.
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Fig. 7. Monolayer MoS, absorption coefficients under differ-

ent tensile and compressive strains.
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Fig. 8. (a) OM images transferred to Si substrates, (b) PL spectra transferred to Si substrates, (¢) OM images transferred to PDMS
substrates, (d) real figures transferred to PDMS substrates when monolayer MoS, continuous film is transferred by wet method.
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Fig. 9. (a) Raman spectroscopy, (b) change of Raman peak position, (¢) PL spectroscopy, (d) change of PL peak position when
monolayer MoS,/PDMS is stretched by 0%—1.8%.
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Effects of photoelectric properties of monolayer
MoS, under tensile strain’

Liu Kai-Long  Peng Dong-Sheng
(School of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518000, China)

( Received 28 April 2021; revised manuscript received 14 June 2021 )

Abstract

Monolayer molybdenum disulfide is an ideal material for making various micro/nano components and
flexible electronic devices. However, the strain of material caused by the environment is a key problem that
cannot be avoided in practical applications, and the electronic structure of material will also change with the
strain. In this paper, the effect of tensile strain on the photoelectric properties of monolayer MoS, is studied
based on first principles and tensile tests after wet transfer. The results are obtained as follows. 1) Intrinsic
monolayer MoS, is a direct bandgap semiconductor with a band gap of 1.68 eV, the highest peak of the
absorption coefficient curve is nearly 10.92 eV, and a maximum absorption coefficient is 1.66 x 10° cm . 2) A
small tensile strain (1%) will result in the transition from direct to indirect gap for monolayer MoS,. With the
increase of strain, the feature of the indirect gap can be preserved but the gap decreases linearly. The gap will
decrease to 0 eV when the tensile strain is 10%, and the absorption coefficient curve is red-shifted as a whole
with strain. 3) The in-plane mode peak and the out-of-plane mode A, peak in Raman spectra are re-dshifted
with stretching by tensile test of wet-transferred monolayer MoS,, and the difference in peak frequency between
the two peaks is maintained at about 18.6 cm™'. The strong emission peak of an exciton of monolayer MoS, is
observed at 1.83 eV of the photoluminescenc spectrum. With the increase of tensile strain, the relative strength
of the peak decreases and is linearly re-dshifted, which means that the band gap decreases linearly. It is

consistent with the theoretical calculation result.

Keywords: molybdenum disulfide, tensile strain, energy bands, first principles
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