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Fig. 1 Two-dimensional (2D) structure schematic of the proposed MIM waveguide
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Table 1 Resonance wavelength A, sensitivity S and FOM of Fano resonance of the whole system at different L

FRI, FR2, FR3 FR4 FR5 FR6
Ae/nm 1344 1053
L=300 nm S/(nm-RIU ) 1350 1050
FOM/RIU ! 22.7 26.6
Ao/nMm 1611 1275 1028
L=350 nm S/(nm-RIU ) 1600 1250 1000
FOM/RIU ! 21.9 50 32.3
Ao/nm 1884 1494 1218 988
L=400 nm S/(nm-RIU ") 1900 1500 1200 900
FOM/RIU ! 69.2 40 57.7 15.6
A/nm 2174 1716 1402 1124
L=450 nm S/(nm-RIU ) 2 200 1700 1400 1100
FOM/RIU ! 8.0 54 475 157.1
Ae/nm 2472 1942 1586 1260 947
L=500 nm S/(nm-RIU ) 2450 1950 1550 1250 950
FOM/RIU ! 12.9 36 47 73.5 21
A/nm 2766 2171 1771 1398 1051 932
L=550 nm S/(nm-RIU ) 2750 2 200 1750 1350 1050 900
FOM/RIU ' 15.1 32.3 38 75 15.2 16.7
Ae/nM 3050 2 400 1955 1535 1170 1015
L=600 nm S/(nm-RIU ) 3000 2500 2 000 1500 1000 1000
FOM/RIU ! 21.4 50 36.4 75 13.3 13.5

fE 2 R T BL3E 1 A 5 A U0 Fano 63k W05 LA/, 03 1800 DR s 3R LA e
KRR RE L F ano S8 FWHM R RH K, 2 FEGE SR 4N AEBULT L 0046 L% ) 300 nm<
L<600 nm., % L=450 nm i , 7 LI EU K FOM (24 157.1, SEHERR(R T4 2 10 k2 Hcily ™

R2 AXERHEMSEFXBRPRSEMNEBRMERELE

Table 2 Comparison of sensing performance between the proposed structure and the waveguide structure in recent literature

Year Structure S/(nm-RIU") FOM/RIU! Ref.
2020 Two unequal vertical rectangular cavities 2 625.87 26.04 [33]
2021 A connected—concentricdouble rings resonator 2 260 56.5 [34]
2021 A racetrack ring resonator 1774 61 [35]
2022 A U-shaped ring resonator 2020 53.16 [36]
2022 A semi-circular resonant cavity 579 12.46 [37]
2022 A rectangular root and a double—ring with a rectangular cavity 2280 76.7 [38]
2022 A toroidal cavity with abuilt-in elliptical rin 2220 58.7 [39]
A square ring resonator with a central rectangular air path 3028 157.14 This work
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A Multi-Fano Channel High Sensitivity MIM Waveguide for Sensing

SONG Meina, HUO Yiping, WANG Yunyan, CUI Pengfei, LIU Tong, ZHAO Chen,
LIAO Zuxiong
(School of Physics and Information Technology, Shaanxi Normal University, Xi'an 710062, China)

Abstract: Due to the existence of diffraction limit, the optical performance of traditional photonic devices is
limited greatly. Surface Plasmon Polaritons (SPPg) can overcome the traditional optical diffraction limit
and localize light in sub—wavelength range, so it has very important applications in the transmission,
processing and control of optical waves in high—density photonic integrated circuits. For the advantages of
low ohmic loss, long propagation distance and easy fabrication, MIM waveguide has become one of the
most promising waveguides. Square resonators are often used in SPPs—based MIM waveguide systems
because of simple structure and easy fabrication. Fano resonance has a sharp and asymmetric line shape and
is very sensitive to the refractive index of surrounding environment. Compared with a single Fano system,
multiple Fano resonances can realize multi—channel sensing and have the ability of parallel processing,
which has attracted great attention. In this paper, a metal-insulator-metal waveguide structure consisting of
a square ring resonator with a central rectangular air path and a bus waveguide with a baffle is proposed,
which is studied by using COMSOL Multiphysics 5.4 based on the Finite Element Method (FEM).
Because of its low power dissipation, silver is chosen as the metal material of MIM waveguide. The
thickness of the structure is large enough (much larger than the optical wavelength) , and the simulation
results of 3D model and 2D model are basically the same, so the 2D model is adopted to reduce calculation
quantity. The optical properties of the structure are studied, and the formation mechanism of Fano
resonance is discussed according to the transmission spectrum and magnetic field distribution. In addition,
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the influence of changing structural parameters is discussed. The application of the proposed structure in
sensing is summarized. Firstly, the transmission spectra of a single square cavity, a square ring cavity and
the proposed structure are given. The square ring resonator with a central rectangular air path can increase
the effective cavity length and change the propagation path of SPPg in the resonator by providing more
plasma resonance modes. Secondly, in order to understand the formation mechanism of Fano resonance of
the proposed structure, the magnetic field distributions at the peak positions of Fano resonance are given.
The simulation results show that the proposed structure can excite quadruple Fano resonance, and a filter
band is formed in the transmission spectrum. The position and intensity of Fano resonance and the width of
the filter band can be adjusted conveniently by changing the structure parameters. Thirdly, the number of
Fano resonances can be adjusted by changing the side length of the square ring, and six Fano resonances
and two filter bands can be obtained at most. At the same time, the filter width and the center wavelength
can be regulated. The bandwidth of the proposed structure is defined as the wavelength range in which the
transmittance is less than 1% , and the maximum bandwidth of the proposed structure is 275 nm. Therefore,
the structure can be used for making band-stop filter. Finally, the application of MIM waveguide based on
SPPs in refractive index sensor is studied. In biomedicine, it is very important to measure glucose
concentration in the body, because it is often used to check the level of blood glucose. The proposed
structure is very sensitive to the refractive index of the filled medium. The application of the proposed
structure in the detection of glucose concentration is studied by investigating the relationship between the
resonant wavelength of each Fano and glucose concentration. In order to evaluate the performance of
glucose concentration sensor, the maximum sensitivity and Figure of Merit (FOM) of the proposed
structure are calculated, which are 3 028 nm/RIU and 157.14 nm/RIU, respectively. The sensitivity and
FOM value of the proposed structure are compared with that of MIM waveguide structure proposed in
recent years.

Key words: Surface plasmon polaritons; Metal-insulator-metal waveguide; Multiple Fano resonance;
High sensitivity; Filter
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