Plasmonic defect states in metallodielectric superlattices
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The recent progress in depositing high-quality ultrathin metal layers, with thickness well below the light penetration depth [1], has allowed the fabrication of metallodielectric superlattices with properties very similar to hyperbolic homogeneous media [2]. The latter are characterized by a very large photonic density of states (PDOS) [3] and thus considered promising for the development of novel light sources [4].
In a boundless metallodielectric superlattice, the PDOS consists exclusively of bulk-like plasmonic states, formed through a strong hybridization of surface plasmon polaritons of many individual metal-dielectric interfaces comprising the superlattice [5]. So far, however, semi-infinite superlattices have been more relevant in practice as quantum emitters have typically been deposited on top of metallodielectric layers [6]. The superlattice-homogeneous medium interface introduces two additional types of states into which photons may be emitted: far-field and Tamm plasmon modes [7], which causes a strong spatial variation of the PDOS composition [8].
Here the problem of a single-defect in an otherwise boundless metallodielectric superlattice is considered. It is relevant for emitters embedded into the superlattice, which has been suggested [4] as a measure for further increasing PDOS. The considered defects take the form of a slightly different layer thickness or a local permittivity deviation, so that the system may be regarded as a combination of two semi-infinite superlattices interacting through a common capping layer. We investigate the conditions leading to the formation of transversally localized plasmonic defect states, study their dispersion and field distribution and evaluate their contribution to the total PDOS. The results we obtained show that the total PDOS is significantly increased in comparison to a defect-free case, which is of great interest for quantum well-based light-emitting devices and infrared detectors.
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