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Fig. 1. (a) Schematic of MDM multilayer structure. The solid arrows indicate the propagation directions of plane waves. The red

and blue arrows correspond to forward and backward travelling incident plane waves, respectively. (b) Spectra of forward reflect-

ance R, transmittance T and absorptance A of the proposed structure. (c) Reflectance spectra for different thicknesses dgy, of the

glass layer, where the blue solid curve corresponds to infinite glass thickness [i.e. the red solid curve in Fig. (b)]. The inset shows

the structure diagram with upper and lower glass layers set to have a finite thickness. (d) Reflectance spectra of the double-layer

antireflection coating. The inset shows the structure of the double-layer antireflection coating between the air and glass regions.

(e) Reflectance spectra for different thicknesses dgj.e Of the glass layer, where the blue solid curve corresponds to infinite glass

thickness. The inset shows the structure diagram where the upper and lower glass layers are both set to have a finite thickness and

both glass surfaces are coated with the double-layer antireflection coating.
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Fig. 2. (a) Reflectance spectra for different refractive indices n; (b) resonance wavelength plotted as a function of the refractive in-

dex n of the measured liquid.
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Fig. 3. Fabry-Perot model: (al) Definitions of reflection coefficient ryp, transmission coefficient fpp to be solved in MDM structure,
and mode coefficients a, b in dielectric layer; (a2)—(ad) definitions of bimetal interface scattering coefficients ry, ¢, 1, ty, 73, t3 in
Fabry-Perot model; (b1)—(b4) Fabry-Perot model of r; and ¢, definitions of mode coefficients o', b' in intermediate metal layer, and
single interface scattering coefficients; (c1)—(c4) Fabry-Perot model of 7, and ¢, the corresponding metal layer mode coefficients and
single interface scattering coefficients are defined; (d1)—(d4) Fabry-Perot model of 73 and ¢, the corresponding metal layer mode
coefficients and single interface scattering coefficients are defined.
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Fig. 4. (a) Reflectance as a function of wavelength for variable dielectric layer thicknesses d, dots represent RCWA numerical simu-
lation results, solid lines represent Fabry-Perot analytical model calculation results; (b) resonance wavelength as a function of
dielectric layer thickness d, red and blue solid lines represent the calculation results of Fabry-Perot model and Eq. (4); (c) reflect-
ance spectrums given by RCWA calculation (dots) and Fabry-Perot model (solid lines), and different resonance orders m corres-
pond to the same resonance wavelength 1035.967 nm (larger m is, larger d is); (d) @, FOM, S as a function of d, red, blue and gray
solid lines represent @, S, FOM obtained from reflectance spectrum calculated by Fabry-Perot model, pink and cyan dotted lines

represent @, S calculated by Egs. (5) and (6).
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Fig. 5. Exceptional point degeneracy: (a) Spectra of forward (red solid line) and backward (blue dashed line) reflection; (b) spectra

of forward (red solid line) and backward (blue dashed line) transmission; (c), (d) real and imaginary parts of eigenvalue v; (red solid

line), v, (blue dashed line) of the scattering matrix vary with wavelength.
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Fig. 6. (a) EP degenerate system based on 8 th order Fabry-Perot resonance; (b) forward reflection coefficient spectra of the EP de-

generate system versus refractive index n, where the vertical black solid line represents the observation wavelength; (¢) DP degener-

ate system; (d) symmetrical silver layer system; (e) forward reflection coefficient as a function of refractive index perturbation,

where circle solid lines correspond to the EP systems based on Fabry-Perot resonance (taking different orders m), and triangular

and square solid lines correspond to the DP degenerate system and the symmetrical silver layer system, respectively; (f) eigenvalue

splitting amount as a function of the refractive index perturbation for m = 0 and m = 8.
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Abstract

The metal-dielectric-metal multilayer structure sensor with a transparent top layer and an opaque bottom
layer is proposed, which can provide a perfect narrow-band absorption resonance and is suitable for sensing
refractive index change of the liquid to be measured in dielectric layer. The Fabry-Perot resonance analytical
model that can accurately reproduce response spectrum and theoretically analyze the mechanism of the
dielectric layer thickness to tune resonance wavelength and linewidth of response spectrum is constructed.
Theoretical analysis shows that the resonance wavelength is directly proportional to the thickness of dielectric
layer, and the full width at half maximum is inversely proportional to the thickness of dielectric layer. The
analytical expressions for its resonance wavelength, quality factor, full width at half maximum and sensitivity
are also given. When used for the refractive index sensing, the quality factor and figure of merit of the proposed
multilayer structure based on the 8th order Fabry-Perot resonance are 2162.8 and 1648.1 RIU !, respectively.
However, due to the influence of the minimum resolution of the spectrometer, the conventional method of
measuring resonance wavelength shift to achieve refractive index sensing has a high measurement limit. For the
sensing of weaker refractive index perturbation, with the help of superposition of exceptional point degenerate
state and tuning mechanism of Fabry-Perot resonance, in this paper proposed is a method of tunably sensing
the liquid refractive index by measuring the increase of reflection coefficient or splitting of eigenvalue at a
specific wavelength. Here, we take for example the metal-dielectric-metal multilayer structure sensor based on
the 8th order Fabry-Perot resonance. According to the calculation results of Fabry-Perot model, when the
change in refractive index of liquid to be measured is 10 # RIU, the increase of forward reflection coefficient and
the splitting of two eigenvalues of the scattering matrix are 0.319 and 1.1279, respectively.

Keywords: metal-dielectric-metal resonator, Fabry-Perot resonance model, tunable sensing, exceptional point
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