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Twisted phonon polaritons at deep subwavelength

scale
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Abstract

Hyperbolic polariton vortices carrying reconfigurable topological charges have been realized at deep subwavelength scale.

Photons can carry spin angular momentum (SAM),
which is connected to the right-handed and left-handed
circular polarizations. In 1992, Allen et al. proposed the
orbital angular momentum (OAM) in vortex beams which
started a new era of angular momentum studies in optics’.
Unlike the SAM, OAM occupies an unbounded Hilbert
space. Optical vortices carrying non-zero OAM are
characterized by a helical phase front and a phase singu-
larity in the beam center. Owing to the carried OAM and
phase singularities, optical vortices have been exploited
for applications ranging from optical microscopy, com-
munication, micromanipulation, to quantum information
processing”. Writing in eLight, Andrea Altt and collea-
gues® have now successfully generated phonon polariton
vortices at deep subwavelength scale in the mid-infrared
region, which adds a new degree of freedom for on-chip
mid-infrared optics.

Polaritons are quasiparticles formed from strong cou-
pling of electromagnetic waves with an electric or mag-
netic dipole-carrying excitation. Examples of polaritons
include phonon polaritons and surface plasmon polar-
itons, which are formed from coupling of electromagnetic
waves with lattice vibration and electron oscillation,
respectively. In anisotropic van der Waals (vdW) crystals,
phonon polaritons with hyperbolic dispersion can natu-
rally reside because of extreme anisotropy of the atomic
interaction between in-plane covalent and out-of-plane
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vdW bondings®. Similar as surface plasmon polaritons,
hyperbolic phonon polaritons can carry large wave
momenta associated with deeply subwavelength field
confinement and, therefore, can be used to strongly
enhance light—-matter interaction. For surface plasmon
polaritons, metallic nanostructures have been employed
to generate and manipulate plasmonic vortices on chip®~®,
which adds a new degree of freedom for various appli-
cations. However, it is a long-standing challenge to
manipulate hyperbolic phonon polaritons beyond ampli-
tude control.

In their work, Al and co-authors tackled this challenge
by coupling hyperbolic phonon polaritons to a nanos-
tructured metallic spiral disk (Fig. 1). They first fabricated
Archimedean spiral shaped gold nanodisks with a thick-
ness of 65nm by electron beam lithography. They then
transferred a hexagonal boron nitride flake with a thick-
ness of ~295 nm on top of the Au nanodisks. A quantum
cascade laser with tunable wavelength was employed as
the mid-infrared light source to excite hyperbolic phonon
polaritons in the hexagonal boron nitride flake through a
gold spiral nanodisk, where the edge of the nanodisk
supplies additional momentum to convert incident-free-
space light into strongly confined hyperbolic phonon
polaritons. The nanodisks were shaped into Archimedean
spiral for controlling the launched hyperbolic phonon
polaritons to be focused to the center of the nanodisks
where polariton vortices are formed. The near-field pat-
terns of the generated vortices were recorded by a
scattering-type scanning near-field optical microscope.

Remarkably, exotic polaritonic features, including
spin—orbit interactions and nanofocusing have been
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Fig. 1 Hyperbolic phonon polariton vortex at deep
subwavelength scale. The edge of a gold nanodisk supplies
additional momentum to convert incident free-space light into
strongly confined hyperbolic phonon polaritons with an in-plane
wavelength of Ay/8.5 (\y: free space wavelength). The nanodisk is
shaped into Archimedean spiral for controlling the launched
hyperbolic phonon polaritons to be focused to the center of the
nanodisk where a phonon polariton vortex is formed

verified in their system at an in-plane wavelength of \,/8.5
(Ao: free space wavelength). The authors demonstrated
that the topological charge of the excited hyperbolic
phonon polariton vortices at deep subwavelengths scale
can be simply controlled by the spin of the impinging light
due to spin—orbit interactions in the near field. The
authors have also demonstrated that polariton vortices are
highly tunable using other degrees of freedom, including
the geometry of the gold spiral disks, and the hyperbolic
features at different wavelength.

The results Alu and colleagues demonstrated are of high
importance, because as they added a new degree of free-
dom for hyperbolic phonon polaritons. The demonstrated
hyperbolic phonon polariton vortices in the mid-infrared
region, a wavelength region containing important trans-
parency windows of the atmosphere and fingerprint
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absorption lines of many molecules, have great applica-
tion potential in super-resolution imaging, ultracompact
biological and chemical sensing, and miniaturized
polaritonic devices with robust features associated with
their topological nature. In future work, it would be
interesting to investigate whether dynamically tuning
could be realized by other effects, for instance, electro-
optic effect. It will also be interesting to see how small the
footprint of the hyperbolic polariton vortex generator
could be. Apart from passive excitation, active on-chip
vortex generators such as vortex quantum emitters or
lasers” ' at mid-infrared wavelengths could also be
interesting to explore.
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