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This talk focuses on recent developments on flat, ultra-thin optical components dubbed “metasurfaces” that 

introduce spatially-varying, abrupt changes in the optical phase, amplitude, and/or polarization to control light 

propagation in free space and in optical waveguides.  

Metasurfaces can be created by assembling arrays of miniature, anisotropic light scatterers with subwavelength 

spacing. As a result the metasurfaces, on account of Huygens principle, are able to mold optical wavefronts into 

arbitrary shapes with subwavelength resolution. Such gradient metasurfaces go beyond the well established 

technology of frequency selective surfaces made of periodic structures and are extending to new spectral regions the 

functionalities of conventional microwave and millimeter wave transmit-arrays and reflect-arrays. A very different 

approach to create metasurface, which is not subject to antenna dispersion, is to use the Pancharatnam-Berry phase 

that is associated with the change of optical polarization and can be created by using form birefringence in 

anisotropic scatterers. Metasurfaces can also be created by using ultra-thin films of materials with large optical 

losses. By using the controllable abrupt phase shifts associated with reflection or transmission of light waves at the 

interface between lossy materials, such metasurfaces operate like optically-thin cavities that strongly modify the 

light spectrum.  

The concept of controlling free-space waves using 2D optical antenna arrays can be extended to a 1D scenario 

in which a linear antenna array patterned on an optical waveguide can strongly affect mode coupling and 

propagation in the waveguide. The essence of the concept is to use an array of phased optical antennas to provide an 

effective wavevector that help phase matching between waveguide modes. This property can be used to realize 

small-footprint, broadband optical devices for integrated photonic circuits including waveguide mode converters, 

on-chip polarization rotators, and optical power diodes. 

The talk will also discuss the technological implications of metasurfaces in various spectral regions and their 

potential advantages as compared to existing optical components.  

 

 
Figure 1 (a) Metasurfaces introduce a phase gradient d/dr or an effective wavevector k that bends the propagation 

of reflected and transmitted light. (b) Linear phased optical antenna arrays patterned on optical waveguides help 

phase matching between waveguide modes. 
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