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Atomically layered semiconducting transition metal dichalcogenides (TMDs)
have attracted recent attention in the field of 2D materials due to their thickness-
dependent band gaps, which become direct in the monolayer limit, ideally suited for
optoelectronic device applications. However, mechanical exfoliation, a widely-used
method for thin-film fabrication, is unsuitable for industrial application. An alternative
method, molecular beam epitaxy (MBE), can produce high-quality and large-area (mm-
range) films with controllable thickness. Here, we strive to demonstrate the viability of
MBE as a means of TMD thin-film fabrication by presenting an electrical double layer
transistor (EDLT) that utilizes MBE-grown MoSe, and its resulting transport
measurements. EDLTs are specialized field effect transistors that rely on an
electrochemical phenomenon and have been able to achieve ambipolar operation in
similar TMDs.! We selected MSe, (M = W, Mo) as the materials of focus due to their
semiconducting properties that make them appropriate for EDLT integration. MoSe, and
WSe; are also notable TMD materials because of their promising optical properties and
previously observed electroluminescence.”” We grew MoSe; films by MBE and
characterized them by atomic force microscopy and x-ray diffraction to confirm their
quality. We then fabricated an EDLT that incorporates MoSe; and measured its transport
characteristics using a Physical Property Measurement System (PPMS®). The
optimization of TMD thin-film growth by MBE can greatly improve the efficiency of 2D
TMD research efforts and introduce scalability in device fabrication.
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Significance of Molecular Beam Epitaxy

* (leaving is one of the most common
ways to manufacture 2D materials
 Not suitable for industry

 Molecular Beam Epitaxy (MBE) can
produce large-area, high-quality films
* |ntroduces scalability
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Objectives

* Achieve quality growth of MSe, (M =W, Mo) to
demonstrate the viability of molecular beam epitaxy
(MBE)

* Characterize film by atomic force microscopy and x-ray
diffraction

 Learn fabrication methods for EDLT

* Take transport measurements for MBE-grown MoSe, EDLT
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Methodology Film Growth
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X-Ray Diffraction
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Atomic Force Microscopy
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Transport Characteristics | EDLT Analysis

Measured by Physical Property Measurement System (PPMS)
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Transfer curve
* Ambipolar operation —tunable to be n-type and p-type
 Some hysteresis apparent—due to ionic movement

Conclusion

* Ambipolar operation achieved twice in MBE-grown MoSe, EDLTs
* Also once in MBE-grown WSe,,
* Believed to be first observation of this
* Film quality highly impacts device performance
 Testament to the viability of MBE for improving TMD device
fabrication

Next Steps

* Further optimize MBE process
* Especially monolayer growth
 Attempt to reproduce electroluminescence previously observed
in WSe,? and MoSe, 3 with MBE-grown films
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