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vibrational transitions with desired characteristics)

Thrust I
Investigate strong coupling of the localized modes of planar metamaterial nanocavities to
semiconductor transitions

* The overarching goal of this project is to achieve fundamental understanding and control of light-matter interaction through engineering material properties at the subwavelength scale. We
use localized and propagating metamaterial photon modes (to tailor the photonic mode properties) coupled to semiconductor heterostructures (to enable the production of electronic and

* The ultimate goal is to control the tlow of energy between photons, phonons, and electrons in ways that are not possible with natural materials

Thrust 11
Explore the coupling of the propagating modes of hyperbolic metamaterials to
semiconductor transitions

* We use Berreman modes in ENZ films to naturally out-couple thermal emission into free
space without any surface patterning [1]
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* We measure both absorptivity with hemispherical directional reflectometer measurements
at room temperature and calibrated thermal emission spectra at 140°C as a function of angle
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* For p-polarized light only, a relatively sharp peak appears in the spectra near the ENZ
point. This corroborates the flat dispersion of Berreman modes for ultra-thin ENZ layers

Control of strong light-matter coupling using the capacitance
of metamaterial nanocavities

* Metallic nanocavities with subwavelength mode volumes can exhibit strong coupling
behavior when coupled to intersubband transitions in semiconductor quantum wells

* We model the bare cavity as an RLC resonant
circuit [2]

* The strong light-matter coupling is modeled as a
dispersive capacitor (no free fitting parameters) 2]
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* Our model shows that the electrostatic capacitance of the metamaterial resonator is the key

parameter that controls the light-matter coupling (or Rabi frequency). Reflectance
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* We investigated and clarified the physics of the ENZ mode [3], providing its main
characteristics and its domain of existence
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Physics of ENZ modes

* At mid-infrared frequencies, highly doped semiconductor materials behave like metals
and can be used to fabricate semiconductor hyperbolic metamaterials (SHMs)
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» SHDMs exhibit superior properties when compared to metallic HMs, e.g. SHMs support
high-quality, ultra-large photon momentum states [4]

(a) Un-pumped condition (b) Photo-pumped condition
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