MoOs-based metasurfaces for enhanced sensing in the mid-infrared
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Metasurfaces consist of subwavelength structures designed to efficiently manipulate light-matter interaction and
achieve specific functionalities. When designed for the mid-infrared spectral region (2 — 25 pm), they can
significantly enhance sensing capabilities due to the strong molecular vibration signatures present in this spectral
window [1]. One of the most promising materials to build up metasurfaces for the mid-infrared is molybdenum
trioxide (MoOs3). This is a polar material which supports surface phonon polaritons (SPhPs) in three different
Reststrahlen bands (RBs) in the three orthogonal directions [2]. The strong radiation-matter coupling involved
with the excitation of SPhPs can be used for sensing applications. The sensing wavelength window is however
restricted to the MoO3 RBs, which correspond to the wavelength range where the real part of the dielectric constant
is negative. A way to extend this sensing wavelength window capability outside the RB is to exploit bound states
in the continuum (BICs) by periodically patterning the MoOs film. In this case, also the transparency or low
absorption region of the material, characterized by positive real dielectric constant, will be used [3].

In this work, to extend the operational wavelength range and functionality on the same polar material, we
present a MoOs-based metasurface consisting of regular patterns of microscale holes realized by focused ion beam
(FIB) machining. The starting MoOs3 film, grown by pulsed laser deposition onto quartz substrate, was selected
with high quality polaritonic response and its dielectric constant, retrieved by FTIR measurements, was used to
design the BIC. Results show an enhanced sensing capability of the fabricated metasurface with respect to the
corresponding planar MoOs film, highlighting its potential within the context of polymers and microplastic
detection.
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