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High quality factor double Fabry-Perot plasmonic nanoresonator

Fabry-Perot (FP) like resonances have been widely described in nanoantennas. In the original FP resonator, a third mirror can be added, resulting in a multimirror interferometer. However, in the case of a combination of nanoantennas, it has been reported that each antenna behaves independently [1]. Here, we evidence the interferences between two detuned reflective FP nanoantennas through a common mirror, which has a strong impact on the optical behavior. While the resonance wavelength is only slightly shifted, the level of reflectivity decreases to nearly 0%. [2] Figure (a). Comparison between the reflectivity of two loosely-coupled single-nanogroove resonators and the reflectivity of a critically coupled resonator composed of the two aforementioned cavities. The geometrical parameters of the cavities, described in the insets, are d=1 µm, w=0.3 µm, h 1 =0.62 µm, h 2 =0.55 µm. Figure (b). Evolution of the quality factors of a single-groove resonator and of double-groove resonator with regard to the grooves width.

  

We study a periodic double-groove resonator whose period contains two grooves of different heights. While the reflectivity of the periodic single-groove resonators does not go below 85%, the resonance of the double-groove presents a zero of reflectivity and a quality factor of 50 (See Figure (a)). Moreover, the quality can be chosen by geometric design over a range from 11 to 80 (See Figure (b)).

We demonstrate thanks to a simple analytical model that this coupling can be ascribed to a double FP cavity resonance, with the unique feature that the cavities are coupled to one another through a common mirror.

The description of the double-groove resonator paves the way to the manipulation and the engineering of the equivalent mirror coupling the two nanocavities, in order to reach multimirror interferences predictions. This structure is also very promising for practical applications of the nanogroove system, as it relaxes the technological constraints on the groove (wider aperture, lower aspect ratio). The authors acknowledge the financial support from a DGA-MRIS scholarship.