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Abstract: In this work, we explore both numerically and experimentally, the possibility to obtain positive and negative 

refraction regimes that depend on the wave polarization, exploiting the strong anisotropy of extraordinary transmission 

fishnet metamaterials. 

 

To date, the most successful metamaterial arrangement is a pair of perforated plates, usually referred to as fishnet 

structure [1, 2]. A careful analysis of its underlying mechanism, shows that metamaterial performance is intimately 

linked to the extraordinary transmission resonance [2, 3] so it could be properly termed as a extraordinary transmission 

metamaterial. Due to the structural parameters, this kind of structures has a very complex response that depends 

strongly on the wave polarization and plane of incidence [4-6], see Fig. 1. In fact, its performance can be approximated 
by different models of indefinite media [7] as a function of those factors. 

 

In this work we will present a deep study of the different propagation regimes feasible in extraordinary transmission 

fishnet metamaterials. Negative refraction will be shown for P-polarization whereas positive refraction will appear 

under S-polarization. Finally, some hints to improve the performance of the structure will be given. All the numerical 

results will be checked with experiments at millimeter waves. 

 
Fig. 1.  Isofrequency contours for the case of S-polarization (a) and P-polarization (b). 
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