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Propagation and Mode Conversion of Two-Dimensional
Optical Waves in Metal-Gap Waveguides
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Metal-gap waveguides are studied numerically to investigate propagation properties of guided two-
dimensional (2D) optical waves. The waveguide consists of a dielectric film sandwiched between two semi-infinite
metals. When the middle dielectric film is sufficiently thin, surface plasmon polaritons (SPPs) associated with each
metal-dielectric boundary become coupled, resulting in coupled modes of SPPs. These modes are classified as 2D
optical waves and are useful to produce nanoscale optical beams without cutoff. We employed finite-difference
time-domain method and demonstrated that 2D optical waves can be confined and guided by two different guiding
mechanisms. A novel guiding method by low-refractive-index cores as well as conventional index guiding by
high-refractive-index cores is shown to be effective for confining and guiding 2D optical waves. We also show
numerically that mode conversion of 2D optical waves using tapered metal-gap waveguides engenders efficient

focusing and increased amplitude of 2D optical waves.
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Schematic of the metal-gap waveguide with cores
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Schematic diagram of the tapered metal-gap waveguide
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