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Abstract

Plasmonic nano-ring resonators are essential components in the plasmonic photonic circuits due to their
compactness, wide free-spectral range, easy fabrication and potential for monolithic integration. Here, we analytically
investigate the nano-ring resonators by the equivalent circuits based on the analogy between metal-insulator-metal
waveguides and microwave transmission. The propagation characteristics of the metal-insulator-metal waveguides are
introduced, and then the equivalent circuit model for both finite-length metal-insulator-metal waveguides and nano-ring
resonator structures are implemented. Then we develop systematic methodologies to design ultra-compact nano-ring
plasmonic devices by using this circuit model, and the appropriate design parameters for each device can be obtained
without lengthy computation time. We numerically present two illustrative examples of the photonic devices based on the
nano-ring resonator structures, including power splitters and optical filters.The accuracies of these approaches are confirmed
by comparing the numerical results with full-wave finite-difference time domain (FDTD) method.
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