
MSc. Project: ‘’Electrical characterization of two dimensional-TMDC FETs: 

towards realization of zero Schottky barrier heights at contact frontiers’’ 

As Moore’s law is about to reach its physical and fundamental limits, the ongoing path of downscaling the 

complementary metal oxide semiconductor (CMOS) logics in integrated circuits (ICs) will be hindered until 

unless innovative device architectures and novel materials are implemented into the technology mainstream.  

A brand new class of materials that have drawn significant attention specifically in recent years for next 

generation nano-electronic devices are transition metal di-chalcogenides (TMDCs) with chemical formula MX2 

in which M is a transition metal and X is a chalcogen. TMDCs are atomistically thin 2-dimensional layered 

materials that can exhibit semiconducting, semi-metallic or metallic properties depending on their chemical 

compound. Semiconducting TMDCs such as MoS2 and WS2 have been widely studied as the channel material 

in field effect transistors (FETs) exhibiting descent mobility values in the range of 500-200cm2/V.S, Ion/Ioff 

current ratios exceeding 107 and strong immunity to short channel effects.  

However, there are fundamental issues for 2DTMDC FETs that are yet to be addressed to fully unleash the 

potential of these novel devices. Amongst these challenges, the nature of metal-to-2D-semiconductor 

contacts and their junction quality are of importance. 2DTMDC FETs are in general Schottky devices. In other 

words, a potential barrier is always formed against the injection of carriers from the 3D metallic contacts 

towards the channel. Moreover, unlike 3D bulk semiconductors, 2DTMDCs do not have a reservoir of 

electrons; therefore, the quality of contacts plays a major role in efficient injection of carriers into the channel. 

One way to address this issue is to use 2D metallic TMDCs such as TiS2 or NbS2 as the interlayer between the 

3D metal and 2D semiconductor with the aim of lowering this Schottky barrier height and achieving ohmic 

contacts. 

In the PMP group we are growing a variety of 2D-TMDCs using plasma processing 

techniques. We test the electrical quality of our films by fabricating back-gated 

2DTMDC FETs from semiconducting MoS2 or WS2 films combined with 2D metallic 

contacts of TiS2 or NbS2 with the help of e-beam lithography and patterning methods 

inside the Nano-lab cleanroom class 1000.  

Project description: 

In this project you will explore the properties of exotic 2D materials by electrically characterizing series of 

2DTMDC FETs in back-gated configuration while being involved in device fabrication flow. You will gain 

knowledge over the properties of 2D materials and the metal-to-semiconductor junctions. You will be able to 

extract all the important device parameters including Vth, FET mobility, Ion/Ioff current ratio as well as the 

potential barrier at the contact sides by performing I-V measurements at varied temperatures. In the end, you 

will understand the phenomena behind the high contact resistance and potential ways to address them. 

Backgrounds required:  

Semiconductor device physics. Some knowledge on device characterization and MATLAB programming is 

also a plus. Both EE and AP students are welcome! 
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