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The review of near field regulation of hyperbolic phonon polaritons
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Abstract: In practical applications, effective manipulation of polaritons brings great prospect for nanophotonic devices,
subwavelength imaging, anomalous refraction and other fields of interest. But the modulation flexibility of polaritons in
conventional dielectric materials is relatively low and cannot meet the broad needs of reality, and it becomes a challeng-
ing problem. However, phonon polaritons, as a new type of quasiparticle with strong photon-phonon coupling, have
stronger light-binding ability, longer lifetime and lower loss than other polaritons, and can play a crucial role in the field
of subwavelength-scale infrared light modulation. In recent years, with the research and reports on two-dimensional van
der Waals crystals, dielectric materials capable of hosting hyperbolic phonon polaritons have come into the public eye,
and with the support of ultra-high resolution nano-imaging technology, many novel near-field infrared optical phenome-
na have been explored by various manipulation methods, which greatly enriches the knowledge of polarization excita-
tions. This review starts with the mechanism of hyperbolic phonon polaritons, introducing the concept of phonon polari-
tons, the dispersion relation and the hyperbolic media (h-BN and a-MoO,) that have recently received much attention.
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Subsequently, the different propagation properties of hyperbolic phonon polaritons in the above mentioned media and
the analysis of near-field imaging under various dimensional modulations, such as changing the surrounding dielectric
environment of van der Waals crystals, resonant cavities, in-plane modulation of metallic antennas, etc. , are summa-
rized. Finally, we give an outlook on the study of phonon polaritons. The diverse modulation tools show the rich appli-

cations of phonon polaritons, which provide avenues for infrared nanophotonic devices such as nano-imaging, integrat-

ed optical circuits, and nano-lenses, and may also lead to more emerging fields in the future.
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Fig. 1

Near-field imaging of a hyperbolic dielectric self-structured phonon polaritons resonant cavity: (a) Near—field imaging of boron

nitride nanoribbons at different incident frequencies; (b) Near—field spectral imaging of boron nitride antennas of different lengths, Scale bars:

500nm; (¢) Circular molybdenum oxide resonant cavity, Scale bars: 500nm; (d) Rectangular molybdenum oxide resonant cavity; (e) Polygonal mo-

lybdenum oxide resonant cavity, Scale bars: 1pm; (f) Various angles of isosceles triangular molybdenum oxide resonant cavity
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Fig. 2 Near-field imaging of phonon polarized excitons in doped hyperbolic media: (a) Boron isotope doping; (b) Sodium atomic dop-

ing; (¢) Sn element doping
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Fig. 3 Near-field imaging of hyperbolic polarized excitations with different types of substrates: (a) Near—field imaging of molybdenum

oxide on Si/Si0, supersurface substrates; (b) Near-field imaging of molybdenum oxide on narrow trench silicon substrates; (c) Near—field imaging of

molybdenum oxide on SiO, and 4H-SiC substrates, respectively
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(b) Graphene/molybdenum oxide system
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Fig. 5 Near-field optical imaging of phonon polaritons in the composite system: (a) Composite structure of graphene/metal disc/molybde-

num oxide; (b) Composite structure of boron nitride/molybdenum oxide; (¢) Local composite structure of graphene/molybdenum oxide
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