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Abstract

Recently, it has been raised a renewed interest in polaritonic excitations, due to enhanced
light-matter interactions in novel two-dimensional (2D) materials[1]. Among the several advantages
of 2D materials-based polaritonics, as compared with the widely studied in the past,
metal-dielectric-based ones, we can mention that it allows overcoming the problem of absorption
losses and limited range of operating frequencies of the optoelectronic devices. These materials can
also offer tunability in situ, as the electronic and optical properties depend on the environment of
the material. Different excitations can be originated by the coupling with light, such as
plasmons-polaritons, phonon-polaritons, and excitons-polaritons. Excitons in 2D materials show high
binding energies and long nonradiative lifetime as compared with conventional semiconductors, as
well as its excitonic properties are strongly dependent on the surrounding dielectric environment. [2]

Excitons in transition metal dichalcogenides (TMD) have a strong coupling with light. For frequencies
close but lower than the exciton resonance, the real part of the dielectric function can have
opposite signs for the axial and tangential directions. This is similar to what happens due to phonons
in hexagonal Boron Nitride (hBN). These materials are classified as a hyperbolic media.

To preserve the strong light coupling of monolayer TMD and enhance the polaritonic properties
observed for a single monolayer, we consider a superlattice of encapsulated TMDs and show the
existence of hyperbolic modes. Using the transfer matrix method, we obtain the loss function for
different stacks compositions, number of stacks, and different TMDs, showing the presence of surface
exciton-phonon polaritons. We numerically calculated the poles of the loss function for complex
wavenumber that enabled us to extract the electromagnetic field profile for hyperbolic surface
exciton-polaritons. The methodology that we developed here can be extended to study the optical
properties of arbitrary stacked van der Waals materials.
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