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Fig. 1. (a) Schematic diagram of three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped resonators are

placed left and right and s = s); (b) transmission spectra of the two (black dash) and three (red solid) ellipse-shaped resonators

waveguide structure; (¢)—(g) electric field distribution of three ellipse-shaped resonators waveguide structure at wavelength of 849,

855, 860, 866, 883 nm, respectively.
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Fig. 2. (a) Schematic diagram of three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped resonators are
placed left and right and s; = 0); (b) transmission spectra of two (black dash) and three (red solid) ellipse-shaped resonators wave-
guide structure; (¢)—(g) electric field distribution of three ellipse-shaped resonators waveguide structure at wavelength of 844, 851,
867, 877, 888 nm, respectively.
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Fig. 3. (a) Schematic diagram of three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped resonators are
placed left and right and s, = 0); (b) transmission spectra of two (black dash) and three (red solid) ellipse-shaped resonators wave-
guide structure; (c)—(g) electric field distribution of three ellipse-shaped resonators waveguide structure at wavelength of 846, 858,
866, 883, 897 nm, respectively.
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Fig. 4. (a) Schematic diagram of three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped resonators are

placed vertically in a straight line); (b) transmission spectra of two (black dash) and three (red solid) ellipse-shaped resonators

waveguide structure; (¢)—(g) electric field distribution of three ellipse-shaped resonators waveguide structure at wavelength of 845,

851, 867, 878, 889 nm, respectively.
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Fig. 5. (a) Schematic diagram of the axisymmetric three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped

resonators are placed in an inverted isosceles triangle and O30, = 030,); (b) transmission spectra of the non-axisymmetric (black

dash) and the axisymmetric (red solid) three ellipse-shaped resonators waveguide structure; (c)—(e) electric field distribution of the

axisymmetric three ellipse-shaped resonators waveguide structure at wavelength of 865, 876, 883 nm, respectively.
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Fig. 6. (a) Schematic diagram of the axisymmetric three ellipse-shaped resonators coupled waveguide structure (three ellipse-shaped

resonators are placed in a positive isosceles triangle and 0,0, = 0,03); (b) transmission spectra of the non-axisymmetric (black

dash) and the axisymmetric (red solid) three ellipse-shaped resonators waveguide structure; (c)—(e) electric field distribution of the
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Fig. 7. Schematic diagram of experimental design of double PIT effects for the three ellipse-shaped resonators coupled waveguide

structure.
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Fig. 9. Transmission spectra in the three ellipse-shaped resonators coupled waveguide structure with different parameters: (a) With
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(d), (e) with 2; and 2, when H = h = ¢ = 10 nm; (f) with n when 2; = 2, = 0, H= h = 10 nm.
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Theoretical analysis of tunable double plasmon induced
transparency in three-ellipse-shaped
resonator coupled waveguide®

Gu Xin  Zhang Hui-Fang’ Li Ming-Yu  Chen Jun-Ya  He Ying

(Department of Physics, Shanghai University, Shanghai 200444, China)

( Received 9 July 2022; revised manuscript received 5 September 2022 )

Abstract

The tunable double plasmon-induced transparency (PIT) effects are investigated in a waveguide coupled by
the three ellipse-shaped resonators. By the finite element method, we study the influences of coupling modes of
the three ellipse-shaped resonators, waveguide structure parameters and the refractive indices of dielectric in
three ellipse-shaped resonators on double PIT effects. The waveguide structure consists of three ellipse-shaped
resonators, and is similar to a four-level structure of the atomic system. The bottom ellipse-shaped resonator
can be named a bright mode, the middle and top ellipse-shaped resonators each can be seen as a dark mode. In
order to obtain an ideal double PIT transparency window, we also numerically analyze the optical transmission
characteristics of structures of several three-ellipse-shaped resonator coupled waveguides. Furthermore, we
mainly discuss the transmission spectra in the better three-ellipse-shaped resonator coupled waveguide structure
as a function of the radii of the long axis in ellipse-shaped resonators, the coupling distance between the bottom
ellipse-shaped resonator and the bus waveguide, the coupling distance between ellipse-shaped resonators, and
the symmetry broken degree. In addition, we also consider the effect of the refractive indices of dielectric in
three ellipse-shaped resonators on double PIT spectra. It is found that the transmission spectra in the three-
ellipse-shaped resonator coupled waveguide have obvious red shift when the refractive indices of dielectric in the
three ellipse-shaped resonators increase. All the simulation results may provide the theoretical basis for the

potential application of multiple PIT in plasma switches and sensors.
Keywords: surface plasmon polaritons, plasmon-induced transparency, metal-insulator-metal waveguide
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