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The interaction of light with matter can be manipulated by controlling the photonic density of states
(PDOS). In this talk I will present “photonic hypercrystals (PHC)”, a new class of artificial media for enhancing
this interaction. PHCs combine the large PDOS in
hyperbolic metamaterials (HMMs) with the light
scattering efficiency of photonic crystals. They are distinct
from photonic crystals, as both material scales involved -
the hypercrystal period and the unit cells of its material
components - are sub-wavelength. And they are also not
metamaterials, as their electromagnetic response is
qualitatively different from the expected averaged
behavior.

I will present our recent results on simultaneous
broadband enhancement of spontaneous emission rate
(x20) and out-coupling (x100) from quantum dots
embedded in a PHC structure [1]. Schematic of the PHC
is shown in Fig. 1a along with the band structure in Fig.
1b. The PHC alleviates the major issue of in/out coupling
of high-k modes in HMMs by folding the bands.  Shown
in Fig. 1c and Fig. 1d are the steady state and time
resolved photoluminescence (PL) from quantum dots
embedded inside the PHC showing enhancement in both
light out-coupling and the spontaneous emission rate.

Following this, I will discuss the broadband
enhancement of spontaneous emission from two-
dimensional semiconductors of transition metal
dichalcogenides [2]. Shown in Fig. 1e is the confocal
image of the PL from monolayer of tungsten disulfide
(WS2) with enhanced (bright spots) emission at the
location of the PHC. Fig. 1f shows the enhancement in
PL with respect to pure hyperbolic media.

I will conclude with a brief discussion on the
control of energy transfer between donor acceptor pairs
using the high-k modes of hyperbolic media over
distances >150 nm [3].
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Fig. 1. (a) Schematic of the PHC. (b) Band structure of
PHC showing folding of bands. (c) Steady state and (d)
time resolved PL showing enhanced spontaneous
emission from PHC. (e) Confocal image showing
enhancement of spontaneous emission from 2D
semiconductors using PHC along with electron
microscope image of the PHC and (f) steady state PL.


