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Comparative study on spectral characteristics of
CVD-grown and mechanically exfoliated MoS,

ZHU Zu-Song, YAN Bo, YOU Jian-Cun
(School of Electronic Engineering and Intelligent Manufacturing, Anqing Normal University, Anqing 246133, China)

Abstract: Molybdenum disulfide (MoS:) , a prototypical two-dimensional layered semiconductor material,
has attracted significant research interest due to its thickness-dependent band structure, which undergoes a
transition from an indirect to a direct bandgap in the monolayer limit. In this study, large-area MoS: films
were synthesized via chemical vapor deposition (CVD) , while nanosheets were also prepared through me-
chanical exfoliation. A comparative analysis of their optical properties was performed using Raman and photo-
luminescence (PL.) spectroscopy. Both CVD-grown and exfoliated MoS: exhibit similar Raman characteris-
tics: The E',, peak is more intense than the A, peak, with the E';, mode redshifting and the A,, mode blue-
shifting as the number of layers increases. However, the 2ILA (M) mode is present only in exfoliated

samples, and both Raman peaks in CVD-grown films are redshifted by approximately 5 cm ™!

, possibly due to
strain or doping. PL. spectra show that monolayer MoS, synthesized via CVD has a peak position and full
width at half maximum (FWHM) comparable to exfoliated samples, though the CVD samples display
sharper peaks and a notably lower B-to-A exciton intensity ratio. Additionally, while the A exciton peak re-
mains nearly constant in position with increasing thickness in CVD-grown MoS,, the B exciton exhibits a
slight redshift, which contrasts with the trend observed in mechanically exfoliated MoS,. The nearly identical

FWHM (~0.1 eV) of the A exciton peak in both sample types confirms that the crystalline quality and opto-
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electronic performance of CVD-grown MoS, are comparable to those of mechanically exfoliated materials.

Further optimization of the CVD process parameters can enable the fabrication of large-area and highly uni-

form MoS, films, providing a reliable growth method for the large-scale applications of MoS, in the future.
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Fig.1 Optical microscope images of mechanically exfoli-

ated MoS, nanosheets
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Fig.2 Raman characteristics of mechanically exfoliated MoS, nanosheets with different layer numbers

(a) Raman spectrum; (b) Characteristic peak frequencies and the wavenumber difference between A, and Elzg.
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Fig. 3 PL characteristics of mechanically exfoliated MoS, nanosheets with different layer numbers

(a) PL spectra; (b) The locations of main peaks and its photon energy difference; (¢) The FWHMs of A and B peaks.
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Fig.4 Optical microscope images of CVD-grown MoS, films

JZ QLRI =2 (3L).

CVD K MoS, i 5 (1 1L & 56 3% 4 & 5 fr s
MEHRT LA Y FE CVD AR K A MoS, 8 il i FU
ME 24~ Lh 381~383 cm ™ AT 401~405 e R Hl
(L =, 43 B BT EL AR s, R
F| P BT I 2L A (MDD 5 HLAH B Y MosS,
FALL, bl 5 )2 KR 1 0, Y, 08 2 i 41 8% (0 7 AR
~1 em DT AL 5B BT R Y 85 RS g AR

fb~2.2 cm . A, FE, 8] B9 3% 502 19,82,
22.6 F123.16 cm ™', 43 5% N T B (1L BLUZ
(2L A1 = 2 (3L)MoS,.

5 ALK R B MoS, 1 7 2 63 ik & B, 1~3
JZ ML B 3 B MoS, i E',, Al A, I H B 7E 385~
388 cm ' i1 406~410 cm ', 1 A [F] )2 £ A CVD 4=
K1 MoS, 1 E'y Bl A 0 A7 125 ] I A5 )7 1] 7% 5l 249
5 cm ', 43 A B O7E 381~383 cm ! Rl 401~
405 cm™ ' BL AN, CVD A KB dh 5 HL AR 3 B
MoS,—Ff , fii & KR AE I B, 50 B IR A KT A,
AT LAHERT CVD A2 K B MoS, 3 5 il 28 0 1 %
5 HLAE R B 1 MoS, w5 A0 2410 Bl 2 B v
I, CVD A4 K B MoS, 19 E', I 2T B FI A, 16 15 74 1
R FEE 257 /N T AL H B B MoS,, X T RE 5 4E K T2
A K, BT CVD A K 8 4 JEE A Mo, i) #41% ik
RBUAFAE 22 5, 45 MoS, 1 B8 P 38 7= 2 1 f5 1,
HE 5 80T P RRAE 0 R B s (AR R Oy ik
il £ 1 MoS, Hv, A W 1 A8 AL 3 2 R EL W1 248 .

H5 REE#HCVD 4K MoS,#is g & e
Ca) Rkl s (b) AR VAT J A FIE", [8] 1 P 422 .

Fig. 5 Raman characteristics of CVD-grown MoS, films with different layer numbers

(a) Raman spectrum; (b) Characteristic peak frequencies and the wavenumber difference between A, and E]ZK.
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Fig. 6 PL characteristics of CVD-grown MoS, films with different layer numbers

(a) PL spectrum; (b) The locations of main peaks and photon energy difference; (¢) The FWHMs of A and B peaks.
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