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Abstract. 2D-TMDC materials are supposed to be suitable materials for the electronic industry requirements due to 
tunable bandgap.  2D-MoS2 has an advantage over the graphene as it has direct bandgap and high on/off ratio. In this 
work, 2D-MoS2 nanostructures have been synthesized using a simple and cost-effective liquid phase exfoliation (LPE) 
method in the organic solvent without any additives. The synthesized MoS2 has up to 4-layer thick nanosheets structure 
which is confirm by the FESEM and Raman studies. From the UV-Visible absorption spectroscopy, the bandgap of the 
material is found to be 1.79 eV. This synthesized material is used as the channel material in the field effect transistor. The 
field effect transistor (FET) device have been fabricated in the top-gate configuration. It has been found that the current 
on/off ratio is of the order of 104. 

INTRODUCTION 

Graphene, a wonder material, was considered as one of the best materials to revolutionize the electronic industry 
due to its superior electronic, optical and mechanical properties. Graphene is the first 2D material which have been 
explored for many applications. Graphene based devices may have carrier mobility of ~ 105 cm2/Vs and cut off 
frequency higher than ~ 100 GHz [1]. But due to its zero bandgap, it is not suited for opto-electronic applications. 
The bandgap of the graphene can be modified by using different morphology and techniques like nanoribbon or it 
can be done by adding the dopant to the graphene[2-3]. But all this process affects it carrier mobility and other 
properties and cannot be suitable for electronic applications. Therefore, a thrust for alternative single/layered 
structured materials was on air.   Layered transition metal dichalcogenides (TMDC) materials have similar structure 
and certain advantages over the graphene e.g. 2D-MoS2 has the direct bandgap of 1.8-1.9 eV [4-5]. There are no 
dangling bonds in the MoS2, and low dimensionality make them more suitable for the electronic and opto-electronic 
devices. Two-dimensional (2D) materials have attracted a lot of interest in the device’s physics. Recently, MoS2 
based field effect transistor have been fabricated having the high on/off ratio 108 and carrier mobility of 200 cm2/Vs 
[6-7].  

In this work, we have synthesized the 2D-MoS2 nanosheets by a cost-effective liquid phase exfoliation (LPE) 
method. The synthesized material has been characterizing by the field emission scanning electron microscope 
(FESEM), UV-Visible absorption spectroscopy and Raman spectroscopy. The synthesized material has been used as 
the channel material in the Field effect transistor (FET). The FET has been fabricated in the top-gate mode. The 
fabricated device has been studied by the I-V measurement.   
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EXPERIMENTAL METHOD 

Bulk MoS2 powder was purchased from Alfa Aesar (< 2 µm, cash no-), n-methyl-2-pyrrolidone (NMP) from 
Merck. The MoS2 nanosheets are synthesized by the liquid phase exfoliation [8]. The MoS2 and NMP was taken in 
10mg/ml concentration in glass vial. The prepared solution was ultrasonicated in the bath sonicator at 40KHz 
frequency for 8 hr. After that the solution is left for overnight and centrifuge at 3000 rpm. Later, suspension is 
collected. The remaining percipate is again ultrasonicated in the fresh NMP for half an hour and centrifuge at high 
15000 rpm. After that supernant is collected and characterized. The top gate field effect transistor is fabricated with 
the prepared sample as shown in figure 1. The channel is pattern on the ITO having width of 0.5mm and then the 
pattern ITO is soap clean for 5 mins. Again ultrasonicated for the 15 min in the DI-water three times and the 
sonicated in the acetone for 15 mins after that IPA vapor cleaning is done. Pattern ITO is dry in the vacuum oven at 
60 C for 45 mins. After the cleaning process, MoS2 sample is spin coated on the ITO and 120 nm of LiF is deposited 
with the thermal evaporation and after the Al as gate has been deposited.  

The characterization tools that have been used to study the structural, optical and electrical properties of MoS2 
based FET are Field emission electron microscopy (FESEM), Raman spectrometer, UV-Visible spectrometer, and 
Semiconductor analyzer. 

RESULTS AND DISCUSSION 

         The morphological and structural properties of the prepared sample were studied by the FESEM (fig 1a) and 
Raman Spectroscopy (fig 1b), as shown in the figure 1 (a) and (b) respectively. FESEM reveals the formation of 
nanosheets having the lateral dimension of as large as few µm and thickness of few layers. From the Raman studies, 
there are two modes of vibrations appeared in the fig 1(b). The peak at 383.64 cm-1 is related to the in-plane 
vibration i.e. E1

2g of MoS2 and the at 408     cm-1 is out-plane vibration i.e. A1g.   The in-plane mode corresponds to 
the sulphur atoms vibrating in one direction and the molybdenum atom in the other, while the out-of-plane mode is a 
mode of just the sulphur atoms vibrating out-of-plane. As MoS2 becomes single layer these two modes evolve with 
thickness. The in-plane mode upshifts and the out-of-plane downshifts. The difference of these two modes (~18cm-1) 
can be used as a reliable identification for monolayer MoS2. In our case, the peak difference is ~ 24 cm-1, which 
indicates that the synthesized materials have up to 4 layers [9].  

 

FIGURE 1. ( a) the FESEM image of MoS2 nanosheets and (b) shows the Raman spectrum few layer thick MoS2. 
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FIGURE 2. (a) shows the Absorption spectrum of 2D-MoS2 and (b) represent Tau-plot of the 2D-MoS2. 

 

FIGURE 3. (a) shows the output characteristic and (b) shows the transfer characteristic of the 2D-MoS2 based FET. 
 
Optical properties of the prepared sample have been studied by UV-Visible absorption spectroscopy. The 

absorbance spectra is shown in the figure 2 (a). The UV-Visible absorption spectroscopy reveals 03 peak positions 
marked as A, B and C (660nm, 617nm and 470 nm respectively) in spectra. The peaks A and B are due to the direct 
excitonic transition at the same k-point while peak C is due to the existence of von-hove singularity. The bandgap of 
the sample is calculated  using Tau equation [10] and found to be 1.8eV. Although, the I-V characteristic has been 
measured in very rough way (using the crocodile clips and patterned ITO), it gives the electrical signature of 
fabricated FET {fig. 3 (a) and (b)}. The output and transfer characteristics of device indicate that the drain current 
decreases as the negative voltage is increased due to the increase in the width of the depletion width. The observed 
current on/off ratio of the device is 104. 

CONCLUSIONS 

In summary, 2D-MoS2 nanosheets have been synthesized successfully by liquid phase exfoliation method having 
lateral dimensions upto few µm and 4 layers thick and bandgap of 1.8 eV. The top-gate type FET device have been 
fabricated and found that current on/off ratio is 104.  
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