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Abstract In this study, an all-dielectric metasurface refractive-index sensor consisting of an array of cylindrical nanoholes
is proposed. In-plane symmetry breaking of the structural unit is introduced by translating the nanoholes, and asymmetric
dielectric nanohole arrays can achieve quasi-bound states in the continuum (BIC) resonance mode with a high-quality factor
(Q-factor) by electric quadrupole (EQ). The relationship between the structural asymmetry parameters and the radiative Q-
factor of the Fano resonance is theoretically analyzed. It is found that the mode is a symmetry-protected BIC, and near-
field analysis and multipole decomposition show that the EQ plays a dominant role in the resonance mode. In addition, the
influence of structural parameters on Fano resonance is analyzed, and the spectral response of the refractive index of the
medium is calculated. The sensitivity of the structure reaches up to 512 nm/RIU (refractive index unit), the Q-value is
2568.7, and the figure of merit (FOM) is 760. The proposed structure has potential applications in highly sensitive
biosensors in the near-infrared range.
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Fig. 1 Schematic diagrams of the structures of an all-dielectric
metasurface. (a) Schematic diagram of asymmetric
nanocylindrical holes array; (b) cell structure diagram of

the metasurface; (c) top view of the cell structure
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Fig. 2 Metasurface transmission spectra analysis. (a) Transmission spectra of metasurfaces under different asymmetric parameters;

(b) Fano fitting of transmission spectra at A=30 nm; (¢) Q as a function of A
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Fig. 3 Normalized field distribution at resonant wavelength with A=30 nm. (a) Electric field distribution in the xoy plane; (b) magnetic

field distribution in the xoz plane; (¢) magnetic field distribution in the yoz plane
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Fig. 4 Far-field scattering contributions of electric dipole P,

magnetic dipole M, toroidal dipole T, electric quadrupole

0", and magnetic quadrupole Q'™

A —ERLLRE o Bl BAE @ R R AR A B, AR
MR R . T BE A 40K B A LAY AR 5, R
HELE S B ER o FT LUk A R TR AT AR S SRR A
T B A 98 K (B AT L1 2 AR 08 o, ek 8 2 TR 1) A T S
R, JER 1 v ' 55 W Jo (9 AR E A S i i), S 30
FEPRALE R A ERS TR G I 8 A A e R R A
T, i S T B A AT S R, SR IR RO S W Y
10

a
5 R
EUS : ’LJ :-‘_:_ —
2 ol ——H=150mm
06 DG - --H=160mm
= WXt G cecr H=170nm
=) oD .! = H- 180 nm
Boal :I' TN Y —=H=19%nm
g ¢ 4 15
\ N
E o2t ;, i
{ P
0 1 l . Ili 1 1
1500 1520 1540 1560 1580 1600 1620
Wavelength /nm
1.0
(d)
08E - -,
g [rl==
= =
= §
= 0.6}
3
g
'%’0.4-
E
]
EO.Z- '
L}
i
Ly &

0 1 1 3 i 1
1500 1520 1540 1560 1580 1600 1620
Wavelength /nm

S S0 2 O S 1 S o (a) S5 391 P (b) IRTAE 8 B2 H s (o) BAEFL 2R A2 73 (d) BIAL 42 R

Fig. 5

Influence of structural parameters on transmission spectra. (a) Period P; (b) cylinder height H; (¢) cylinder hole radius r;

(d) cylinder radius R
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