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Study on Slow Light of Surface Plasmon Waveguide with Low Loss
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Abstract The method of the dielectric loaded is presented to obtain low loss in propagation of the surface plasmon
polaritons (SPPs). Comparing the conventional insulator-metal-insulator (IMI) waveguide and the waveguide with
dielectric loaded, it is demonstrated that the method of dielectric loaded can reduce the loss in propagation and
achieve smaller group velocity. A silica layer between a silver film and silicon layer is employed to improve the
propagation performance of SPPs in the “trapped rainbow” system based on graded grating structure. Time domain
finite difference simulation demonstrates that the improved structure is able to localize light of different frequencies
at different positions and offers the advantage of supporting slow SPPs with a much lower propagation loss and
deeper sub—wavelength confinement. The proposed structure has a wide range of applications in optical processing
and optical communication.
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Fig.1 Schematic diagrams of (a) a conventional IMI waveguide, (b) IMI waveguide with the dielectric layers loaded,

(c) grating structure with the dielectric layers loaded and (d) graded grating structure with the dielectric layers loaded
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Fig.2 Electric field distributions of the two structures at the wavelength of 1550 nm. (a) Electric field distribution
of IMI; (b) electric field distribution of the structure with the dielectric layers loaded
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Table 1 Propagation performance of two waveguides

. Transmission Attenuation Model area
Waveguide type Re (Ner) Im (Ney) /107 ) ) )
distance L /um coefficient  /(10°/m) A /(1077 um®)
IMI 2.522 1.014 1216.9 4.1 2.13
Dielectric layers loaded 2.514 0.9156 1347.8 3.7 2.12
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Fig.3 Electric field density distribution of the dielectric grating
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Fig.4 Dispersion curves of dielectric grating when the heights & of silicon are 200, 300, 400 nm
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Fig.5 Dependence of group speed on frequency Fig.6 Dependence of loss factor on frequency
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