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Interest in transition metal dichalcogenides (TMDs), such as WS,, MoS, and related compounds, has been renewed
by the discovery of emergent properties when reduced to single, two-dimensional (2D) layers."? These atomically
thin layers of TMDs form a versatile and vast library of 2D materials.> On the one hand, they allow to study novel
condensed matter phenomena, such as strong excitonic many-body interactions or topological phases,** while on the
other, they hold great promise for applications in electronics, optoelectronics, or catalysis.”” A major bottleneck to
this research is the lack of reproducible and large scale synthetic methods for high quality, consistent monolayer
TMD samples. The dominant growth method is the vaporization and subsequent chalcogenization of solid metal
oxides in the presence of gaseous chalcogen precursors. This process is commonly referred to as chemical vapor
deposition (CVD) or powder vaporization.'"® Due to its simplicity, CVD is extensively used by the TMD
community to produce high quality, micron-sized single crystals.'®'>!*'®* However, for technological realization of
the fundamental advances made in the TMD field, the creation of large area coverage materials is critical.

In this presentation I will show our recent work on developing new growth processes for creating large area and
conformal coatings of bulk and 2D transition metal dichalcogenides. This work includes the direct conversion of
atomic layer deposition grown metal oxides into sulfides and selenides which can produce a variety of structures
from nanowires to continuous nanocrystalline 2D films (Figure 1) or bulk conformal films which are used for
photonic applications (figure 2), and novel CVD methods for van der Waals epitaxy of high density single crystal
TMDs (figure 3) on graphene for advanced characterization such as angle resolved photoemission spectroscopy
(ARPES, figure 4) and scanning tunneling microscopy (STM, figure 5).
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Self-assembled polystyrene beads are coated with
Si0, and WO, and then converted into WS,. Full
§ infiltration of the 3D structure is achieved,
yielding a large reflectance feature at 45° off
normal incidence.
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Figure 3. (a) Modified tube furnace system with separate gas
supply for outer 1-inch tube and inner 4-inch tube. Tungsten
oxide powder (WO, ,) serves as the metal source, and it is
loaded into the smaller inner tube. Hydrogen disulfide (H,S)

> and Argon (Ar) serve as chalcogen source and carrier gas,
respectively. (b) Atomic force microscopy image of monolayer
WS, domain on epitaxial graphene. (c-d) Electron microscope
images of CVD-grown WS, islands.

Figure 4. Band structure of a single triangular domain of monolayer WS, on
epitaxial graphene. ARPES spectrum of monolayer WS, on SiC/graphene. The
spectrum was measured outside of the 1% Brillouin zone.
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