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In this work we show, using first-principles
calculations, that ohmic losses are reduced
in certain layered metals, such as the
transition metal dichalcogenide 2H-TaS.,
due to an extraordinarily small density of
states for scattering in the near-IR
originating from their special electronic
band structure (Fig. 1), which possibly
provides a solution to the detrimental
Ohmic losses that haunt applications of
plasmonics[1]. Based on this observation
we propose a new class of band structure
engineered van der Waals layered metals
composed of hexagonal tfransition metal
chalcogenide-halide layers with greatly
suppressed infrinsic losses and show that
the suppression of optical losses lead to
improved performance for thin  film
waveguiding and transformation optics.

Furthermore, we show that the broad class
of layered transition metal dichalcogenides
(TMDs) are naturally hyperbolic[2,3]. The
diverse electronic properties of the TMDs
result in a large variation of the hyperbolic
frequency regimes ranging from the near-IR
to the UV. Compared to artificially
structured metamaterials, the absence of
internal structure reduces scattering losses
and greatly increases the number of
hyperbolic modes leading to extremely
large and broadband Purcell factors (Fig.

2). Additionally, we demonstrate how the
hyperbolic properties can be further
controlled by combining different two-
dimensional crystals into van der Waals
heterostructures.
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Figure 1: Cartoon band structure of 2H-TaS, that
exhibits an intermediate metallic band that
reduces the density of states for scattering.
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Figure 2: Purcell factor of 2H-TaS, compared to
an Ag-SiO, hyperbolic metamaterials.
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