Sulphur concentration influence on morphology and optical properties of MoS2 monolayers
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MoS2 in its two-dimensional (2D) form is one of the most studied materials in the last decade due to its promising applications in semiconducting industry (photosensors [1], optoelectronics [1], photovoltaics [1] etc.). One of the main approaches in synthesis of semiconducting 2D materials is chemical vapour deposition (CVD) technique, schematically shown in Fig. 1. In this work we have systematically investigated how synthesis parameters (growth temperature TG, sulphur temperaure TS and carrier gas flow) influence sample quality. As a result, correlation between synthesis parameters and sample's morphology and optical response were obtained.
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Figure 1. Schematic illustration for the CVD setup.

By changing mentioned synthesis parameters, the Mo:S ratio was consistently tuned which, in turn, modified both morphology and optical response of the sample (Fig. 2). As the ratio is approaching to the ideal value of 1:2, the morphology of samples becomes more symmetric, triangular with even edges while the PL and Raman spectra intensities for given sample increase. If the sulphur concentration is increased compared to the ideal stoichiometric ratio, the samples become dendritic with uneven edges and optical response is poor. On the other hand, if the molybdenum concentration is increased by increasing TG vertical growth is preferred rather than lateral, and bilayers or multiple-layered islands are formed.

[image: image2.jpg]Ar-flow

825°C, 135°C, 50 sccm

825°C, 140°C, 75 sccm
".ﬁ Far oW - *f

.‘:, ‘*

l

825 o, 140°C 100 sccm

825°C, 145°C, 50 scem



[image: image3.png]380000

60000

40000

Intensity (a.u.)

20000

1)l
Mﬁ'”w'
H“ |

Jl

——

P —
.
A ————
—
——

r w
Mm ' W WW *

80000

60000

40000

20000

Intensity (a.u.)

N
NW“‘"’HM

575 600 625 650 675 700 725 750

Wavelength (nm)
825°C, 135°C, 50 sccm

30000

20000

10000

Intensity (a.u.)

0

160000

120000

380000

Intensity (a.u.)

40000

LT
l|‘ , ’

V
J lMMWW ”1

mﬁthM”

575 600 625 650 675
Wavelength

825°C, 140°C, 50 sccm

30000
i —~
“‘ 5 20000 l'llW Lh ” M‘
] T
s = “ ( | M
.““ % 10000 L] J"“W ’ Hm
""u'. = vl ' h iy
m“,lwm"‘pmhnmt,“lmh‘ 0 "M o W““lhll
700 725 750 575 600 625 650 675 700 725 750
(nm) Wavelength (nm)

825°C, 145°C, 50 sccm

l' M
|y ] b ﬂlll i
wm)

I N

l"l

l

ﬂ

l 'hlll‘

575 600 625 650 675
Wavelength

825°C, 140°C,

m mlm b '

il it ”T
O l

\
\
1 Wﬂrw‘r“"r“m

700 725 750
(nm)
/5 sccm

'P "x |
‘ n' 1'"'1;1“ A

575 600 625 650 675 700 725 750

Wavelength (nm)
825°C, 140°C, 100 sccm



[image: image4.png]300000

250000

200000

150000

Intensity

100000

50000

800°C

360

380

400
Raman shift (cm~1)

420

440





Figure 2: Left: Morphological evolution of CVD grown MoS2 islands. Given synthesis parameters are in following order: growth temperature, sulphur temperature, argon flow. Scale bar is 100 μm. Middle: Evolution of photoluminescence spectra of MoS2 islands. Solid black lines represent non-linear fit using two Lorentzian functions. Right: Raman spectra of samples made at different growth temperatures. Sulphur temperature is 140°C and argon flow 75 sccm. Solid lines represent non-linear fit using two Lorentzian functions. Vertical grey lines are only eye-guides.
Raman spectra of samples grown at different TG (800-900°C) are shown on the right side of Fig. 2. The difference between centers of these two Raman modes increases with the growth temperature increase [2]. One possible explanation for this behavior is increased induced tensile strain resulting from the high-temperature growth process. Complementary structural characterization by atomic force microscope (AFM) and scanning electron microscope (SEM) were used to determine existence of grain boundaries and cracks in crystal basal plane, showing that optimization of synthesis parameters leads to high-quality crystal morphology. Our further work will focus on exploring the optical properties of crystals in low-temperature limit.
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