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Fig. 1. Schematic diagram of dielectric nanohole arrays metasurface with lattice-perturbed: (a) Top view of unit cell with square lat-

tice; (b) top view of unit cell with lattice-perturbed; (c) schematic diagram of metasurface with lattice-perturbed of r = 80 nm .
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Fig. 2. Symmetry of unit cell and mode field: (a) Two-dimensional symmetry operation for unit cell with square lattice(above) and

lattice-perturbed (below); (b) the first Brillouin zone of square lattice metasurface; (c) symmetry of resonant mode field of ey, and

eq; (d) symmetry of six eigenmodes in lattice metasurface (areas with the same sign are symmetrical and areas with different signs

are antisymmetric).
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Fig. 3. Numerical simulation of square lattice metasurface under e, : (a) Reflectance spectrum comparison of metasurfaces with com-
plete silicon block, scalloped holes and square holes; (b), (c) cartesian multipole decomposition of FR3, FR4 and FR5; (d) normal-
ized magnetic(electric) field distributionin |H| (|E|) in zoy section and normalized electric(magnetic) field distribution |E| (|H|)in
zoz (yoz) sectionof FR1(FR2); (e) normalized electromagnetic field distribution in xoy section of metasurface with complete silicon

block, scalloped holes(white boxes in the following field diagrams is structural outline drawing); (f), (g) conceptual description of
MD1 and ED.
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Fig. 4. Reflection spectra and fitting curve model of lattice perturbed metasurface: (a) Comparison of reflectance spectrum under eg,

and ey ; (b) fitting curve of FR1-FR5 under eg.
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Fig. 5. Near-field analysis of lattice-perturbed metasurface under e, and cartesian multipole decomposition: (a)—(i) Normalized elec-

tric field distribution |E| in zoy section and normalized magnetic field distribution |H| in yoz sectionof FR3, FR4 and FR5, and
conceptual description of TD1, TD2 and MD2; (j)—(1) cartesian multipole decomposition of FR3, FR4 and FR5.
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Abstract

Based on the electromagnetic properties of all-dielectric optical metamaterial, an all-dielectric metasurface
of lattice-perturbed nanohole array is proposed to excite a multiple Fano resonance in the near-infrared region.
Combined with the group theory, the formation mechanism and evolution law of multiple Fano resonances in
this structure when its unit cell is a square lattice configuration and the square lattice symmetry is broken are
explored in depth. The results show that double degenerate mode directly excited by the normal incident plane
wave is coupled to vertical free-space radiation continuum to form double Fano resonance when unit cell is
symmetrical, while the uncoupled non-degenerate modes excited by the normal incident plane wave is coupled
to vertical free-space radiation continuum to form triple Fano resonance with higher @ factor when the
symmetry is broken. Numerical simulation is used to explore the influences of z-polarized and y-polarized plane
wave on the above Fano resonances, and the results show that the Fano resonance of double degenerate
resonance is polarization independent, while the non-degenerate resonance is polarization dependent. The
findings in this work can provide an effective theoretical reference for designing other square lattice metasurface

to realize the excitation and evolution of multiple Fano resonances.
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