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Tight-binding treatment of the coupling effect in metallic nanostructures

We develop a rather general tight-bind method (TBM) to study the coupling effect between localized electromagnetic fields in periodic metallic nanostructures. The coupling strength, which is defined by the matrix elements of the tight-binding Hamiltonian, is calculated ab initio from the field profile of a single unit system and analyzed from the aspect of material property. The validity of the TBM is tested by reproducing the rigorous results obtained by the transfer-matrix method (TMM) in 1D slabs case. The coupling effect between localized surface plasmons in nanoparticles is specially investigated as a simple case. The resonance frequencies of multiple nanoparticles system calculated by TBM are shown to be in good agreement with those obtained from the finite-difference-time-domain (FDTD) simulation. Detailed results show that the distance between nanoparticles and the size of nanoparticles influence the coupling strength between localized surface plasmons. We further show that the frequency position of the “dark mode” can be identified directly using the TBM.

