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Abstract Based on the aperture coupled method, a metal-insulator-metal voltage tunable filter is proposed. The
filter consists of two asymmetric rectangular ring resonance cavities and a rectangular waveguide, in which the
asymmetric rectangular ring cavity is filled with organic electro-optic material 4-dimethylamino-N-methyl-4-
stilbazolium tosylate. Finite element numerical simulation method is used to calculate and analyze the transmission
spectrum, resonance wavelength distribution curve, and magnetic field intensity distribution of the asymmetric
rectangular ring cavity waveguide structure. The results show that the filter has smooth transmission spectra, wide
passband bandwidth with transmittance as high as 97 %, and wide stopband bandwidth with transmittance as low as
0.01%. The characteristics of the filter can be adjusted not only by changing the structural parameters, but also by
applying a control voltage. The adjustability of the filter is higher, and the proposed optimized structure has a wider
stopband. Therefore, this type of filter can be well applied in integrated optics.
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Fig. 2 Transmission spectrum diagram. (a) Transmission spectra of three different structures of rectangular ring cavity;

(b) transmission spectrum of structure 3
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Table 1 Comparison of transmission characteristics of different structure filters

Max passband Voltage

Structure Max transmittance /%  Min transmittance /% Reference
bandwidth /nm control capability
Rectangular ring cavity 97 0.02 880 yes —
Concave ring resonator 96 1 =700 no Ref. [31]
Circular ring resonator 91 2 <400 no Ref. [32]
Trapezoid resonator 90 0.1 =>320 no Ref. [33]
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Fig. 4 Magnetic field distribution of the ring cavity structure. (a)—(c) Single rectangular ring cavity structure with A =916,

1140, 2012 nm; (d)—(f) symmetric rectangular ring cavity structure with A = 912, 1136, 2012 nm; (g)—(i)

asymmetrical rectangular ring cavity structure with A =908, 1136, 1996 nm
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Fig. 5 Effect of changing the structure parameter A on the transmission characteristics of rectangular ring cavity filter.

(a) Transmission spectrum; (b) resonance wavelength
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(a) Transmission spectrum; (b) resonance wavelength
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(a) Transmission spectrum; (b) resonance wavelength
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