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Fig. 1. Unit cell (a), electric field distribution (b), and

power loss density distribution (c) of the subwavelength
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Fig. 2. (a) Transmissivity, (b) reflectivity and (c) absorpti-
vity of plane waves passing through the subwavelength
metal aperture.
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Fig. 3. (a) Front view and (b) side view of silicon cube reso-
nators placed at both sides of the subwavelength metal

aperture.
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Fig. 4. (a) Transmissivity and (b) absorptivity of the subwavelength metal aperture varying with the coupling distance between two

silicon resonators.
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Fig. 7. Equivalent circuit fitting of transmission of the sub-
wavelength metal aperture added with coupled resonators.
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Broadband and high transmission of Mie-resonance-coupled
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Abstract

Transmission of the subwavelength metal aperture excited by the surface plasmon resonance is much higher
than that from the Bethe theory. However, due to the sensitivity of resonant frequency and the loss of metal in
optical band, it is difficult to achieve broadband and high transmission of the subwavelength metal aperture
through surface plasmon resonance. In this article, the broadband and high transmission of the subwavelength
metal aperture is realized when Mie-resonant-coupled silicon nanoparticles placed on both sides of the metal
aperture are used to replace the surface plasmon resonance. The full wave simulation results show that
bandwidth of the transmission coefficient more than 90% of the subwavelength aperture (r/X =0.1) reaches
65 nm by using Mie-resonance-coupled silicon nanoparticles. Compared with the transmission induced by
surface plasmon resonance, the peak value is improved by 1.5 times and the 3 dB bandwidth is widened by 17
times. According to the coupled mode theory, the equivalent circuit model of transmission of the subwavelength
metal aperture added with Mie-resonance-coupled silicon nanoparticles is established, and the element
parameters in the circuit model are inversed under the critical coupling state. Further research shows that
transmission rule of the subwavelength metal aperture added with Mie-resonance coupled silicon nanoparticles
can be accurately revealed by changing the coupling coefficient in the equivalent circuit model, and the results
are consistent with the full wave electromagnetic simulation results. The mathematical expression of the
interaction between light and Mie-resonance-coupled subwavelength metal aperture is found, therefore it can

inspire us to construct certain functional modules in optical field according to circuit design method.

Keywords: subwavelength metal aperture, broadband, high transmission, Mie resonance
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