Low-cost plasmonic arrays of elliptic nanoholes
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Plasmon-supporting nanostructures such as nanohole (NH) arrays have various interesting characteristics when it comes to coupling with incident light [1]. On the other side, if the symmetry of this coupling is broken, chiral effects arise [2-7], meaning that left and right circularly polarized light (LCP and RCP, respectively) differently couple with the artificial material. One can therefore design nanomaterials that differently absorb LCP from RCP: effect known as circular dichroism (CD). 
In this work we present an approach to induce the symmetry breaking in well-known plasmonic NH arrays with hexagonal unit cell. Arrays with circular NHs do not possess broken symmetry, but if the NH becomes elliptic, and tilted from the hexagonal symmetry lines, a lack of symmetry arises. The most precise technique for fabrication of such structures is electron beam lithography, but with a disadvantage of being expensive and time consuming. Instead of this, we use a much cheaper technique called nanosphere lithography [5,8], with the symmetry breaking induced by specially tilted thermal evaporation of a 50nm metallic layer.
Firstly, we analytically examined NH in thin layers of three different metals (Au, Ag or Al). Here, transmittance and electric field confinement strongly depend on geometry and selection of metal. As expected, periodicity dictates the resonant wavelength by red-shifting the resonances with the periodicity increase, while the metal plasma frequency decides the range of application. Further, we compare the square and the hexagonal symmetries and show that the latter is better for our purpose. The distribution of the electric field shows strong confinement around the borders of the NH, and it is highly dependent on the angle of incidence and the polarization state of the light. We also examine how the periodicity affects CD in the elliptic NH arrays with tilted symmetry. Finally, we numerically investigate the fabricated sample with broken symmetry of NH array in Au. We show that the numerical results are in good agreement with extinction experiment, thus offering a way to design such nanosurfaces for the coupling with specific chiral molecules.
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