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Abstract: Going beyond the limited design freedoms of traditional photonic crystals, we 
experimentally show how photonic metacrystals exploit the inclusion of subwavelength dielectric 
scatterers in the unit cell to deterministically modify k-space and real space profiles.  

 
1. Introduction 
The possibility of combining the desirable attributes of low loss, high quality (Q) factor photonic crystals with the 
unique light-matter interactions achievable with metamaterials is of great interest to expanding the capabilities of 
photonic systems. In addition, bringing the control of amplitude and phase achievable in metamaterials that are 
utilized for out-of-plane applications to photonic crystals would enable new design freedoms and capabilities for on-
chip, guided-wave photonics. In order to combine the best properties of metamaterials and photonic crystals, 
subwavelength geometries must be integrated with photonic crystals with sufficient periodicity maintained to allow 
temporal confinement based on the photonic bandgap. For example, by introducing a subwavelength periodic 
variation in a hyperbolic medium, one can design a photonic hypercrystal with a unique photonic band structure and 
light-matter interactions [1]. In this work, we take a different approach and instead introduce deep-subwavelength-
sized features inside the unit cells of traditional photonic crystals without a requirement for utilizing a hyperbolic 
material. Building on our initial work [2,3], we more deeply investigate the broader design methodology involved in 
adding metamaterial-like geometries to photonic crystals, including many new degrees of design freedom that are 
enabled. We introduce the name photonic metacrystal for structures that combine the concepts and design attributes 
of both metamaterials and photonic crystals. Here we present new design freedoms enabled by the subwavelength 
geometries in photonic metacrystal unit cells and experimental results on two photonic metacrystal cavity designs. 

2. Photonic metacrystal design methodology 
The photonic metacrystal design methodology focuses on engineering the shape of the constituent unit cells. Here 
we consider air mode operation in which the air mode traps light within the open area of a unit cell, which provides 
an ideal platform for inserting subwavelength scatterers of interest. Figure 1 shows the uniformly distributed energy 
within the air hole of a circular unit cell and how inserting different shaped subwavelength scatterers into that unit 
cell can deterministically modify the mode profile. These types of subwavelength nanoscale shapes have been 
extensively studied as plasmonic elements and metamaterial building blocks. We note that the modified mode 
profiles of photonic metacrystals result from redistribution of the electric and displacement fields based on boundary 
conditions. The ability to engineer the mode profile of photonic metacrystals opens the door to studying light-matter 
interactions under high Q-factor regimes using in-plane guided waves with modest input light intensity. 
 

 
Figure 1. Electric energy distribution in several different photonic metacrystal unit cell designs compared to a traditional circular unit cell. 




