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Abstract—Tremendous downscaling of well known semicon-
ductor materials has resulted in various demerits like, defects
at the interface and variation in bandgap. In order to overcome
these challenges, the beyond graphene area of material science
has been explored rapidly with the discovery of transition
metal dichalcogenides (TMDC). Among TMDC, molybdenum
disulphide (MoS2) has drawn tremendous attention for their
excellent structural, optical, electrical and mechanical properties,
which makes it suitable for the use in next generation electronic
and optoelectronic devices. Initially, molybdenum (Mo) thin
films were grown on silicon by RF sputtering technique at 45
W. Afterwards, sulphonation of Mo was carried out using a
custom designed two zone tubular chemical vapor deposition
(CVD) system. In order to optimize the growth temperature, the
temperature of higher heating zone of CVD system was varied
from 650 °C to 850 °C. The structural, morphological and optical
studies reveal that the higher temperature is favorable for the
growth of MoS2 layers.

Index Terms—Chemical vapor deposition, molybdenum disul-
phide, Raman spectroscopy, transition metal dichalcogenides

I. INTRODUCTION

Revolutionary development of low dimensional semicon-
ducting MoS2 thin films have opened the door for fabrication
of future generation miniaturized electronic and optoelectronic
devices due to their excellent structural, optical, electrical and
mechanical properties [1]–[3]. In addition, the planar geometry
of MoS2 makes it easier to fabricate flexible circuits for solar
cells, sensors and photodetectors [4], [5]. MoS2 consists of
sandwich layers of S-Mo-S bonded covalently and the adjacent
sandwich layers have weak out-of-plane van der waals force of
interaction [6]. It exhibits two stable structural phases namely
hexagonal (2H) and trigonal (1T) phase. Researchers claim
2H phase to be semiconducting (stable) and 1T phase to be

metallic (metastable) in nature [7]. Hence, recent research is
focused on the 2H phase, which has layer dependent bandgap
variation and exhibit two Raman active modes around 400
cm−1 corresponding to the vibration of in-plane S-Mo bonds
and out-of-plane S atoms [8].
Numerous top-down approaches such as mechanical exfolia-
tion and solution processing have been implemented for the
fabrication of MoS2 layers [7], [9]. But, the demand for low
cost devices with large area, good reproducibility and high
quality MoS2 layers can be achieved by bottom up approach
[10]. With the advancement of the research methodology,
the chemical vapor deposition (CVD) technique is being
highly considered for the monolithic integration [11]. In CVD
process, several research groups have used MoO3 powder as
the source material of molybdenum for the enhancement in
the lateral growth of MoS2 thin films [10], [12]. However,
this technique fails to produce films of uniform thickness,
which is due to the self assembly growth of MoS2 at the initial
stage [13]. Therefore, a systematic growth of MoS2 films on
Si substrates is highly essential for the investigation. In this
work MoS2 layers have been grown using Si substrates with
pre-sputtered Mo thin films by evaporation of sulphur powder
using a custom-designed two-zone tubular CVD system. How-
ever, the microstructural properties of semiconducting thin
films greatly depend on the growth parameters. Therefore, a
systematic study on the sulphonation temperature is carried out
for the optimization of the process temperature. In this study,
the variation of the structural and morphological properties
of MoS2 layers due to different sulphonation temperature has
been reported.



II. EXPERIMENTAL WORK

A two step process is followed to grow few layers of MoS2

using a custom designed two zone tubular CVD system.
The first step includes the deposition of molybdenum (Mo)
thin film on cleaned silicon substrates by RF magnetron
sputtering technique. In order to deposit the Mo thin film,
Mo target (3 inch diameter and 0.25 inch thickness) (Kurt J.
Lesker) was used. The summary of the sputtering parameters
of Mo thin films is listed in table I. In order to obtain an
optimized thickness of Mo thin film, sputtering was carried
out for different durations. A fairly linear deposition rate was
observed for all the different deposition duration as shown
in Fig. 1. The second step involves the growth of MoS2

using the custom designed two zone tubular CVD system.
As the name suggests, the CVD system has two different
temperature zones at a distance of 10 cm, which are being
maintained independently by two different customized heater
and temperature controller arrangements as shown in Fig.
2. The Mo thin films, were placed vertically in the higher
temperature zone (zone 1). The sulphonation was carried
out using 300 mg of sulphur (S) powder placed in the low
temperature zone (zone 2). Argon (Ar) was used as the carrier
gas and the flow was maintained at 200 sccm during the
growth. Prior to Ar gas purging, a continuous low pressure
was maintained for 1 hour. Then it was purged with Ar gas
for 15 mins in order to avoid further any contaminations. The
required temperature in zone 1 was achieved by gradually
ramping up the temperature at a rate of 20 °C/min. After
reaching the desired temperature in zone 1, the temperature
in zone 2 was maintained just above the melting point
of S. In order to optimize the growth temperature, the
temperature of zone 1 was varied from 650 °C to 850 °C with
a difference of 100 °C. The vacuum valves were adjusted at
the exhaust end to maintain the pressure at an optimized value.

The structural properties of the MoS2 layers were investi-
gated by XRD technique (Rigaku Ultima IV). The thickness of
sputtered Mo thin films and morphological properties of CVD
grown MoS2 were studied by using FESEM (NOVA- FEI).
The optical properties were studied using confocal Raman
spectrometer (wiTec alpha 300 R). The Raman scattering
measurements were carried out using 532 nm laser excitation
at room temperature.

TABLE I
SPUTTERING PARAMETERS OF MO THIN FILMS

Target Molybdenum (99.99%)
Base vacuum 2 × 10−6 mbar
Sputtering gas Argon (99.999%)

Pre-sputtering time 10 min
RF Power 45 W

Deposition Pressure 5 × 10−3 mbar
Substrate temperature Room temperature

Target-substrate distance 6 cm

Fig. 1. Deposition rate of sputtered Mo thin films at 45 W.

Fig. 2. Schematic of the custom designed two zone tubular CVD system.

Fig. 3. XRD pattern of MoS2 layers grown at different temperatures.

III. RESULTS AND DISCUSSION

Fig. 3 shows the XRD patterns of MoS2 layers grown at dif-
ferent temperature in zone 1 of the tubular CVD system. The
evolution of the crystalline peak around 2θ =14.3◦ is observed
at 850 °C, which corresponds to the (002) crystallite plane.
This is in well agreement with the reported values (JCPDS
no- 37-1492) [14]. The temperature dependent crystal structure
can be understood by considering the temperature modulated
coefficient of movement of the adatoms on substrate given by



eq. (1) [15].

D ∝ exp(
−Em

kT
) (1)

where, Em is the migration energy barrier, k is the Boltzmann
constant and T is the substrate temperature. It can be inferred
from eq. (1) that at elevated temperature the atomic species
get more energy to migrate to the preferred site in order to
crystallize and orient themselves along the distinct crystalliza-
tion plane. At lower growth temperature, the growth of MoS2

crystalline phase may be restricted by the lack of free atomic
species. So, there is no distinct evolution of any crystalline
peak at temperature 650 °C and 750 °C.
The surface morphology of MoS2 layer, grown at different

Fig. 4. FESEM images of MoS2 layers grown at (a) 650 °C, (b) 750 °C and
(c) 850 °C.

temperature is shown in Fig. 4. These results show fewer
microstructures are created at 650 °C, but the temperature is
not adequate for further growth as revealed from XRD studies.
With the increase in growth temperature the reaction rate
increases, which leads to the enhancement of nucleation sites
and hence, the nucleation density. The surface morphology
of the layer grown at 850 °C, can be attributed to the
discontinuous growth of few layers of MoS2.
Fig. 5 shows the room temperature Raman spectra of MoS2

grown at different temperature. The bulk 2H MoS2 shows
E1

2g , A1g , E1g and E2
2g Raman modes. Out of them, the E1

2g

and A1g modes were observed. The E1g and E2
2g modes were

rejected either because for the suitable scattering geometry
or because of the limited rejection of the Rayleigh scattering
radiation [8] . The sample grown at 850 °C, exhibits prominent
characteristic peaks at 381 and 408 cm−1, corresponding
to E1

2g and A1g optical phonon Raman modes of MoS2,
respectively. The frequency of these modes is highly dependent
on the number of layers of MoS2. The observed frequency
difference around 25 cm−1 corresponds to 6-7 layers of MoS2

in the samples grown at the three different temperatures which
is in well agreement with the reported values by Lee et al.
[16]. The A1g and E1

2g modes are due to the out-of-plane
and in-plane vibration of S atoms, respectively [16]. The
characteristics peaks get intensified with the increase in growth

Fig. 5. Raman spectra of MoS2 layers grown at different temperatures.

temperature. This can be attributed to the enhanced tendency
of sulphonation with the increase in temperature. Moreover,
the enhancement in the intensity of A1g peak may be due to
the significant interaction of S atoms among the consecutive S-
Mo-S layers. A red shift is observed in both the modes, with
the increase in the growth temperature. This shifting of the
frequency is attributed to the interlayer interaction in layered
structures [17]. MoS2 layers grown at 850 °C, have shown
reduced full width half maxima (FWHM) value in Raman
spectra as compared to other samples. Films, grown at lower
temperature have shown amorphous type behavior in XRD
pattern and also depicted the broad peaks of Raman spectra.
The Raman study is in good agreement with XRD analysis of
the sample grown at different temperature. The MoS2 grown
at 850 °C, can be used for the fabrication of future electronic
devices.

IV. CONCLUSION

MoS2 layer was grown using a custom designed two zone
tubular CVD system. RF sputtered Mo thin film on Si substrate
was used as the base material for the growth. Thickness
optimization of Mo thin films were done prior to the growth
of MoS2 layer. In order to optimize the growth temperature of
MoS2, the temperature in zone 1 was varied as 650 °C, 750 °C
and 850 °C. The XRD analysis has shown the appearance of
the hexagonal (2H) phase of MoS2 for the process temperature
of 850 °C. FESEM images also revealed the enhanced density
of microstructures for 850 °C. This enhancement can be
attributed to the increase in the adatoms mobility to orient
them in the crystalline direction at the higher temperature.
The Raman spectra show two characteristics peaks of MoS2

corresponding to the in-plane and out-of-plane vibration of
interplanar S atoms.
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