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in Multilayer Hyperbolic Metamaterials by Multiscale Structuring
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Subwavelength metal-dielectric multilayers can be approximately regarded as anisotopic
media having an effective permittivity tensor with components of different signs. Such
multilayers, called hyperbolic metamaterials (HMMs), behave like metals or dielectrics
depending on light polarization and feature exotic physical effects such as broadband
singularity in the photonic density of states. It was shown that these photonic states are
mainly populated by propagating high-k bulk plasmons, stemming from hybridization of
short-range surface plasmon polaritons (SRSPPs) supported by individual metallic layers.
These high-k waves can have anomalously short wavelength, which underlies the concept
of far-field subwavelength imaging (hyperlensing) in HMMs. In this work, we show that
propagation of these high-k bulk plasmons can be controlled by modulating, or
superstructuring, the filling fraction of metal in a subwavelength metal-dielectric stack
on a longer, wavelength scale. The basic superstructure geometry is a hybrid multiscale
HMM where the modulation itself is periodic, forming a photonic band gap (PBG) for the
high-k waves according to the same principles as in conventional photonic crystals. As a
result, some of the propagating high-k waves (those whose wave vectors satisfy the PBG
condition) become evanescent again. Changing the geometry of the superstructure from
periodic to more complicated can further affect the properties of high-k wave propagation
using known PBG-based approaches. It is thus possible to engineer a metamaterial where
high-k bulk plasmons with desired properties can be selectively reflected, transmitted,
localized, suppressed or enhanced. As an example, we propose several designs of proof-
of-principle multiscale devices such as Bragg reflectors, Fabry-Pérot resonators, and band
pass filters for high-k waves. The proposed concept of multiscale HMMs can be used to
tune the operation of HMM-based hyperlenses and subwavelength imaging devices.
Spectrally selective multiscale HMMs can also be used to probe the spectral
dependencies of HMM-induced effects, such as anomalous enhancement of spontaneous
emission or blackbody radiation. In addition, the proposed structures can be employed to

investigate other aspects of light-matter interaction in unusual environments.



