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1. Extended Abstract 
 

Metasurfaces have attracted significant attention for the unique opportunities they offer over manipulation of waves. Various 

functionalities have presented so far, including anomalous reflection and transmission, beam steering, focusing, analog signal 

processing, and others [1]. In all these cases, metasurfaces are designed to exhibit a particular spatial profile for the 

reflection/transmission coefficients or the impedance, derived from the requirement to satisfy the boundary conditions for the 

fields. This profile is subsequently discretized in space and implemented through appropriate unit cells [2]. A good 

approximation of the continuous metasurface profile may require a fine discretization step, imposing strict fabrication 

conditions, especially at optical frequencies. 

 

In this talk, we will present a novel approach for the design of metasurfaces with unusual characteristics based on the 

principle of resonant coupling. In particular, we show that it is possible to achieve reflection and transmission to any direction 

and with arbitrary, including unitary, efficiency by coupling these directions with the incident direction through appropriately 

designed resonators. As an example, Fig. 1 shows a metasurface based on resonant dielectric rods on top of a metallic 

substrate, supporting anomalous reflection with perfect efficiency. Note that, despite the fact that the periodicity in this case is 

much larger than the metasurface elements, making impossible to define a surface impedance or local reflection coefficient, 

the metasurface is able to perfectly redirect incident waves, exactly like metasurfaces based on discretized impedance or 

reflection-coefficient profiles. In addition to anomalous reflection/transmission, in this talk we will also present applications 

in nonreciprocal wave transmission and optical limiters, when this approach is combined with spatiotemporal modulation or 

nonlinear effects. In addition to relaxing fabrication requirements, the principle of resonant coupling for wave-front 

manipulation overcomes fundamental limitations in other techniques for the design of metasurfaces [2], opening a new path 

for the efficient realization of metasurfaces with arbitrary functionalities. 

 

 

Figure 1. (a) Metasurface based on resonant dielectric rods on top of a metallic substrate, exhibiting anomalous reflection. (b) 

Power efficiency of the metasurface versus frequency. 
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