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Abstract: Since the invention of the first transistor, silicon has been at the heart of electronics 

but as the demands increases , we are asking way too much out of silicon thus for all its 

drawbacks scientists began searching for futuristic elements that can replace and even 

outperform silicon. This search led us to MoS2 single layer and few monolayer thick 2-

dimensional semiconductors. Their unique physical property outperforms silicon and its closest 

competitor graphene. Two dimensional materials such as graphene, boron nitride and transition 

metal dichalcogenide (TMDCs) monolayers have emerging as a new class of materials with 

unique properties at monolayer thickness. Their electrical, electronic and optical properties are of 

great importance for a variety of applications in optoelectronics as light emitters, detectors and 

photovoltaic devices. In this reaches focuses on MoS2 and WS2, which are two important 

members of the TMDC class of materials. The properties of monolayer MoS2 and WS2 are 

evaluation as well as the properties of bulk MoS2 and WS2 to provide an understanding of their 

significant difference.  A detailed evaluation of the optical, electrical and electronic properties 

including temperature dependent resistivity, contact resistance, band structure and electronic 

excitation are discussed in this work. The temperature dependence of the energy gap for 

monolayer MoS2 and WS2 is also investigated. Molybdenite (MoS2) has a number of benefits 

over silicon (Si) when it comes to creating a micro chip. Future chips using MoS2 will be smaller 

than silicon chips. Reduced electricity consumption is another benefit, along with mechanical 

flexibility. 
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Introduction 
Two-dimensional materials such as graphene, boron nitride and transition metal 

dichalcogenide (TMDCs) monolayers have drawn enormous interest in materials science because 

of their distinctive properties at monolayer thickness. This work focuses on MoS2 and WS2, 

which are two important members of the TMDC class of materials. Their electrical, electronic 

and optical properties are promising for a variety of applications in optoelectronics as light 

emitters, detectors, and photovoltaic devices [1-2]. 

The TMDC monolayers are direct band gap semiconductors while bulks TMDCs are indirect 

band gap with a smaller band gap. The lack of inversion center also allows high 

Degree of freedom for charge carriers or k-valley index and thus lead to valleytronics. 

In bulk TMDCs, the TMDC layers are combined with each other, layer by layer, with Vander- 

Waals force, and the week interaction between layers greatly influences the properties of the 

bulk TMDCs. TMDCs can also combine with other 2D materials to form Van-der-Waals 

heterostructure devices through week Van-der-Waals force [3]. 
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1) Hall Effect 

Hall Effect is the most common method used to characterize the electrical properties of 

conductors and semiconductors. It is a simple, low cost and time saving method that is used to 

characterize the carrier concentration, conductivity, resistivity and the mobility, as function of 

temperature, in industry or laboratories. Thus, it is necessary to give an introduction to Hall 

Effect for a better understanding of the experimental results [4]. 

 
Figure (a) - Illustration of Hall Effect 

 

2) Metal–Oxide–Semiconductor Field-Effect Transistor 

In order to perform experimental research on the electrical properties of MoS2 and WS2, 

The corresponding devices need to be fabricated first. In most of the experimental research on 

TMDCs, Metal–Oxide–Semiconductor Field-Effect Transistor is the most commonly chosen 

device for fabrication. Thus, a brief introduction to the MOSFET is necessary[5-6]. 

 
Figure (b) - Schematic of a simple MOSFET 
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3) Optical Band Gap of Monolayer and Bulk MoS2 and WS2 

The band gap is an essential property of a material, For monolayer MoS2 and WS2, their direct 

band gaps in the visible range make them promising in a variety of applications in 

optoelectronics. The band gap generally refers to the energy difference between the bottom of 

the conduction band and the top of the valence band. There are generally two methods of 

measuring the band gap of a material. One can measure the band gap optically by excitation 

spectroscopy in which the charge state of the material is not changed. The band gap, measured in 

this method, is called optical band gap. One can also measure the band gap through electron 

spectroscopy like photoemission for the valence band and inverse photoemission for the 

conduction band. In this method, an electron is either injected into the solid or removed from the 

solid. This is called electrical band gap. [5-7] 
 

 
Figure (c) - Square of the absorption versus energy for monolayer MoS2 and WS2; the red line is 

the extrapolating straight line. 

 

 

Conclusions 
 Two dimensional materials, particularly the TMD mono layers, are emerging as a new 

class of materials. 

 Among semiconducting MoS2 is gaining increasing attention owing to an attractive 

combination of physical properties, which include band gap tenability and reasonably 

high electron mobility. 

 The flexibility, stretchability, and optical transparency of mono layer MoS2 make it 

particularly attractive for transparent and flexible electronics. 
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