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Abstract
Fabrication of transition metal dichalcogenides(TMD) including WSe2(tungsten diselenide),
PdSe2(Palladium diselenide) which are also a semiconductor itself is a challenge in field effect
transistors(FET). Current metal-semiconductor junction in FET faces a non-ohmic contact due to its
Schottky barrier (SB). SB is an energy barrier that prevents you from having ohmic contact when metal and
semiconductor come into intimate contact. Silicon based electronics used ion-implantation for doping to
have ohmic contact [1]. However, a thin layer of TMD materials can render implantation unnecessary. In
order to reduce conduct resistance in TMDs , we insert TMDs at the metal/semiconductor interface.
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1. Introduction
Field Effect Transistors(FET) are extensively used in modern electronics. Moore's law states that
the number of transistors in an integrated circuit doubles every year. This leads to the
development of better performance transistors in an integrated circuit. Current FETs are
composed of bulk 3D semiconductor materials like silicon, group III–V semiconductors,
Gallium arsenide(GaAs) and Gallium nitride (GaN). These materials all have been scaled down
to nanoscale dimension for device performance [2]. However, the traditional method used in
nanofabrication does not increase the number of FETs in a circuit. Which led to the research and
development in FETs made out of 2d transition metal dichalcogenides(TMD) materials. In 3D
semiconductor, dangling bonds traps the movement of electrons which in turn reduce the device
performance of FETs. A dangling bond gives the 3d structure of a 3d semiconductor. Unlike 3D
semiconductor, TMDs do not have dangling bonds which makes them easier to reduce their
thickness. As a result, the dimension of the FETs are being reduced and more FETs can be added
in an integrated circuit for better device performance. The new method of nanofabrication is
being implemented in FETs to achieve these goals.
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2. Fabrication Procedure
2.1 Mechanical Exfoliation

Doped Silicon dioxide(SiO2) wafer cut into small pieces for cleaning. Now these small substrates
are soaked into acetone in a beaker and then put into a sonicator. The sonicator uses ultraviolet
waves to remove any excess amount of impurities from the substrate. After 15 minutes of
sonication process, the substrates are then moved into a new beaker where they are soaked into
isopropanol for further cleaning. The substrates again go through the sonication process for another
15 minutes.

Figure 1: Substrates dissolved in isopropanol.

Once it's done, the substrates go through an air blowing process to make them dry. Using
nitrogen gas, the soaked substrates are being dried for oxygen plasma cleaning. Plasma
cleaning gives the substrate an atomic smoothness. In oxygen plasma cleaning, organic
adsorbates are removed from the substrate to prepare it for TMD transfer.
On an adhesive tape, TMDs such as PdSe2 or WSe2 are being extracted from bulk TMD
crystals. In this experiment, PdSe2 is used in mechanical exfoliation. We then transfer the
TMDs to the substrate surface from the tape by mechanical pressure. The tape still remains on
the substrate for the next step.

Figure 2: Transfer of TMD to Substrate.
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The substrate then goes through annealing process to have the highest yield of TMDs on the
substrate. On a hot plate, we bake the substrate for 2 min at 100℃. Our experiment showed
the highest yield at 100℃ for 2 min. Anything higher than that timeframe will have a negative
effect on the substrate surface since it will leave tape residue on the substrate [3]. After
annealing, the tape is removed.

Figure 3: WSe2 flakes after extraction from bulk layered WSe2.

Figure 4: PdSe2 flakes after extraction from bulk layered PdSe2.
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2.2 Van der Waals Assembly

Polydimethylsiloxane (PDMS) used as a polymer during Van der Waals Assembly. We put
hexagonal boron nitride (h-BN) on top of PDMS. h-BN is used as an insulating material in
device structure. h-BN is then transferred to substrate. Van der Waals forces between layers
holds h-BN and PdSe2. Depending on device structure, layered materials are selected. For
example, if we want two TMDs in our device then we would have h-BN in between PdSe2 and
WSe2 to act as an insulating material.

Figure 5: WSe2 under optical microscopy.

Figure 6: PdSe2 Under optical microscopy.
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Figure 7: WSe2 and Pdse2 in between h-BN. Top layer PdSe2 and bottom layer WSe2.

Figure 8: Schematics of a device.

2.3 Atomic Force Microscopy (AFM)

AFM enables us to measure the thickness of the surface and morphology of the layered
materials. It can also generate images at atomic resolution of the layered surfaces. AFM uses a
cantilever to scan the surface layers and images the topography of the surface in real time. If any
bubble formation occurs between layered materials, an annealing process can reduce the bubble
formation which can increase contact between layered surfaces.
2.4 Electron Beam Lithography(EBL)

Using EBL, we design the pattern of the device and then the pattern is created on the substrate.
Once it's done we deposit gold in the pattern, and a developing process takes place.
2.5 LiftOff

The final stage is to develop the pattern and remove excess residue from the substrate.
3. Results
The final substrate is being put into a vacuum probe station. Any excess gold will be removed
using a probe needle to avoid electric shock. These electric shocks may be in micron scale
however, it can give a less accurate result in Current-Voltage(IV) analysis. Using a semiconductor

© IEOM Society International

3369

Proceedings of the 5th NA International Conference on Industrial Engineering and Operations Management
Detroit, Michigan, USA, August 10 - 14, 2020

characterization system the substrate is being tested on different voltage scales. IV analysis should
give a true ohmic contact on the substrates. If the IV analysis is not linear on a xy plane that means
we do not have a true ohmic contact. This leads to annealing the substrate again and then putting
it into a vacuum probe station again for further analysis. The use of h-BN between metal
electrode(gold) and semiconductor(TMDs) is to reduce schookhty barrier. Schottky barrier occurs
due to asymmetrical energy levels of metal(gold) and semiconductor(TMD) [4]. As a result,
contact resistance between layers increases which limits the device performance. Our modified
nanofabrication procedure using TMDs helps us reduce Schottky barrier in FETs and increase
device performance.
4. Conclusion
As we learn more about the intrinsic properties of TMD materials and reduction of Schottky
barrier, the device performance will be optimized and new methods of nanofabrication would be
discovered in nanotechnology. The advantages of 2D TMDs will enable us to make smaller and
better FETs in the near future.
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