
 

 

 
 

Dr. Vasily Astratov 
 

Associate Professor 
University of North Carolina - Charlotte 

9201 University City Blvd. 
Charlotte, NC 28223 
Tel: (704) 687-8131 

Email: astratov@uncc.edu  
 

 

 
 
Title: Optical transport phenomena in coupled spherical cavities 

Due to a unique combination of properties mesoscopic systems of coupled spherical cavities can be used for developing technology 
of integration of cavities in three spatial dimensions (3D) in chip-scale structures for a variety of optoelectronics applications. These 
properties include record quality (Q) factors of whispering gallery modes (WGMs) in spheres, possibility to achieve 
supermonodispersive properties of these cavities, and the possibility to control their positions and separations. 
 
In this work we study mesoscopic systems of coupled spherical cavities with ~1-3% size disorder resulting in a random energy 
detuning between their WGMs. The optical transport in such systems can be achieved due to two novel mechanisms: (i) formation 
of periodic photonic nanojets [1] theoretically predicted in [2] and (ii) evanescent coupling between quasi-WGMs [3,4]. We 
observed extremely small attenuation <0.1dB/sphere for nanojet-induced modes in chains of cavities. The efficiency of evanescent 
coupling between quasi-WGMs is found to be less tolerant to the effects of disorder resulting in attenuation ~3dB/sphere. 
 
We suggest new interpretation of the optical transport properties of 3D lattices of cavities based on analogy with percolation 
theory. The sites of the lattice (spheres) are connected with bonds which are present with probability p depending on the detuning 
between WGMs. For small p only a few bonds are present, thus only small clusters of sites connected by bonds can form, but at 
critical probability pc, called the percolation threshold, a percolating cluster of sites connected by bonds appears. Experimentally, in 
transmission spectra of such 3D structures we observed spectral signatures of existence of well connected clusters of spheres. We 
argue that by selecting more uniform spheres one should be able to achieve optical percolation threshold for WGM transport.  
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