Quasinormal modes of finite linear arrays of spherical silicon nanoparticles
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The most important problems connected with the design of integrated photonic circuits are miniaturization of photonic elements and efficient transport of electromagnetic energy. Standard dielectric waveguides can support nearly lossless light propagation, but they usually suffer from the diffraction limit, which requires that the transverse size of a waveguide must be larger than half the wavelength of the guided wave, making its miniaturization difficult. The approach which exploits non-propagating (evanescent) fields rather than propagating light waves, provides a way of circumventing the diffraction limit [1]. Recently it has been shown that one-dimensional chains of dielectric nanoparticles can be used to fabricate high quality waveguides [2–3]. 
In this paper the quasinormal modes of finite length silicon nanosphere linear arrays have been systematically studied numerically using three-dimensional finite element method (FEM), taking into account material dispersion characteristics. Since the inclusion of chromatic dispersion complicates the problem considerably, most of the existing studies do not take these effects are not considered. Quasinormal modes not only contribute to the understanding of complicated waveguide spectral features, but they also have practical advantages from the numerical point of view, since a full eigenmode calculation is generally faster than a large number of single-frequency simulations [4].
Calculations were carried out by COMSOL  FEM packages for a wide range of distances between the spheres. It is shown that spectrum depends on the number of nanospheres in the system, in a similar manner as in the case of microrings, we studied in our previous paper [5]. The differences for the cases of odd and even numbers of spheres, and its implications on actual applications, are discussed in details.
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