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Fig. 1. Schematic diagram of reflection MCD spectroscopy.
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Fig. 2. Schematic diagram of the experimental setup for reflection MCD spectroscopy.
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Fig. 3. Room-temperature Raman spectrum, photoluminescence spectrum, and temperature-dependent reflectivity

spectra, MCD spectra under —3 T magnetic field of monolayer MoSz: (a) Raman spectrum; (b) photoluminescence

spectrum; (c) reflectivity spectra; (d) MCD spectra.
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Fig. 4. Transition energies and linewidths of the A and B excitons of monolayer MoS2: (a) Temperature variation

of the transition energies fitting to Varshni equation and Bose-Einstein equation; (b) temperature variation of the

linewidths fitting to equation (7).
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HATHNE 73, HIATE B 2w Z B AFEAR
R F: 2w ~ L7wgwanm. FTEL, FEEM RS R
LRI, A I o 75 4 AT S 15 B 2 4 1, A
Ino BMEERR L $01.7, Oro A5,

B AT BLA B, Bose-Einstein 2y RU& 15
2 Op /M T (7) AMEHEIN OLo. X2HT
WU BRAT e 5 B U B2 I AR Ak 32 B A o ) A
A DA BB 7 22 RO S R - A ELAE R A
K, Bl Opp &K 1A A RS 133 1E
F. Mgk s EEIRT LO &=+ 58P EAEH.
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P11 S 56 He 1) Opp AEAEZ N T Oo, X5 ZH]
SCHR S5 R — B BT g b, MR 4 (b) BA AL
A A5 R LRI, AR FEEE T 52 MoS; ) B i
TERIIGEW R KT AMTIILTE, XEERLHBT
U 200 B T U2 MoS, (1 K 73 K
A B AR T RE S Z RS, SEB T
MIZTERT A T

#3 HJEMoS: A, BETRE SIREKBRAET

(7) MG S HHUE

Table 3.

the temperature dependence of the A and B excitonic

Values of the parameters which describe

transition linewidths of. monolayer MoS2 using equa-
tion (7).

(7) st B AT BT
Fo/meV 429 + 0.7 56.5 = 1.3
I1,0/meV 86.3 + 53.5 95.0 + 62.9
@LO/K 616 £+ 242 518 + 165

4 % %

KRR MCD B 78 T 512 MoSs [ A, B+
BRIT e B AN 4 T B IR FE OG5 R FH Ui 2 3%
N BR Y 55 5 B AT 0 AL LA AT B2 R T
RERANLE T8 1 7 VEMI EL, MCD g i MR BE_EHERR
T 5T TR 5E 5 T (G 5,
HR2TLMCDE5), o] AT v Hhfs 2T e &
LR TE. 1 —3 T W% A1 65—300 K yulE i, F47]
KA i MCD 1S 34T 7 &, FHX R pe &
HNE 5 5 T FE A OC R AT T 4RI AT, KR
FLZ MoS, 341 BKIT A6 B BE I AR L A 5 5
SR T R s R ) A AR AR O, L4k i b
TR A 32 B T 5 6 AR ELAE A
WA, 19 B RAE BT BRIE RS 2R 28 98 6
FE AR OC R OGS BEUE. RS Y s it
BHOK BRI 9 FEARAE it IR RE, mT DAk — D4R T &
Gk, WFFTR M, ik MCD e i n] DLHERR
HLERNE RES, EFES T HE MR T
BRI AHCHE AL,
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Abstract

Layered transition metal dichalcogenides (TMDs), as a new class of two-dimensional material, have received wide
attention of scientific community due to their peculiar electronic and optical properties. Monolayer TMDs such as MoSa,
MoSe2, WS2 and WSe; are semiconductors with band gap energies in the visible and near-infrared region, which promises
the applications in logic nano-devices, ultra-high speed photoelectric detectors and nano-lasers. Temperature has strong
influences on the electronic and optical properties of semiconductors, and their applications in photonic and optoelectronic
devices. Thus, the research on the temperature dependence of the energy band of monolayer TMDs is important and
meaningful. Monolayer MoS2, as a prototype of TMDs, displays a weak absorption line with a strong background in
original reflection or absorption spectra. The strong background has a tremendous influence on the determination of
excitonic transition energy and linewidth. In this work, we adopt the reflection magnetic circular dichroism (MCD)
spectroscopy in which reflection spectra and MCD spectra can be simultaneously obtained. We demonstrate that the
background disturbance is eliminated in the MCD spectra, in contrast to the reflectivity spectra. And we discuss the
optimization of our home-built experimental setup in detail. Through the elaborate analysis of the MCD theory, we
demonstrate that the excitonic transition energy and linewidth can be directly and accurately extracted from the MCD
spectrum. We perform the reflection MCD measurements on monolayer MoS» in a temperature range of 65—300 K. The
transition energies and linewidths of A and B excitons of monolayer MoS2 are extracted, respectively. Those functional
parameters that describe the temperature dependence of the energy and linewidth of both excitonic transitions are
evaluated and analyzed. We find that the broadening of the linewidth is related to the LO phonon scattering, and the
linewidth of A exciton is clearly narrower than that of B exciton. The linewidth difference between A and B excitons
might result from the stronger inter-valley coupling of B exciton. Our results indicate that MCD spectroscopy, as a

modulated spectroscopy by magnetic fields, provides an easy tool to determine the features of monolayer excitons.

Keywords: magneto-optics, magnetic circular dichroism, monolayer MoSs, transition metal dichalco-

genides
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