
 

Hybridization of surface lattice resonances
induces dual-band bound states in continuum
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Proposed dual-band BICs in silicon bipartite nanodisk array. (A) 3D- and (B) top-
viewed schematics of the silicon bipartite nanodisk array under study, which can
be treated as the hybridization of two single-nanodisk arrays (in red and blue).
The unit cell with square lattice of period Λ is illustrated by the red dashed box
containing two silicon nanodisks with diameter d and thickness h. The central
nanodisk is displaced vertically from the origin of the unit cell with Δ y. (C) and
(D) Simulated zeroth-order transmittance spectra (C) as functions of Δy or (D)
for Δy = 50 nm, showing two branches of extremely narrow dips. The dashed
line indicates the (0, ±1) or (±1, 0) RA wavelength. (E) and (F) Near-field
electric filed distributions (color for intensity and arrows for directions) in the x
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− y plane at the half height of silicon nanodisk for the resonance wavelengths of
quasi-BIC I and II, as indicated by the dips in (D). Symbols “+” and “−” in (E)
indicate charge distributions. The silicon nanodisks are outlined by white circles
and a unit cell is outlined by the dashed box in (E) and (F). Credit: 
Nanophotonics (2022). DOI: 10.1515/nanoph-2022-0427

In metasurfaces, surface lattice resonances (SLRs) and bound state in the
continuum (BIC) are two convenient approaches for achieving high
quality factors (Q-factors).

A research group led by Dr. Li Guangyuan from the Shenzhen Institute
of Advanced Technology (SIAT) of the Chinese Academy of Sciences
has revealed that hybridization of SLRs can result in dual-band BICs in
silicon metasurfaces. The measured Q-factors can reach as high as 1240.

They also showed that the resonance wavelengths and Q-factors of the
dual-band quasi-BICs can be conveniently tuned by varying the
nanoparticle size or the lattice period.

This study was published in Nanophotonics on Nov. 1.

To date, most symmetry-protected BICs in periodic nanostructures rely
on the structural symmetry breaking of the unit-cell nanoparticles.
Reported approaches include asymmetrically-shaped nanoparticles, and
bipartite nanoparticles with different sizes. In order to achieve high Q-
factors for quasi-BICs, the structural asymmetry parameter should be
tiny enough, posing challenges on the nanofabrication.

Size difference less than 10% is very challenging, especially when the
nanoparticle diameter is only a few hundred of nanometers. However,
the relative positions of nanoparticles can be accurately controlled in the
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top-down nanofabrication. "This motivated us to propose periodic
bipartite nanoparticles with the central one slightly shifted from the
center of the unit cell," said Dr. Li.

"To our surprise, the electric dipole SLRs (ED-SLRs) supported by two
individual silicon lattices are totally canceled with each other in the
bipartite arrays," said Dr. Li. "Instead, we observed dual-band BICs due
to the hybridizations of two in-plane electric quadrupole SLRs (EQ-
SLRs) and of two out-of-plane magnetic dipole SLRs (MD-SLRs) that
are supported by the two individual silicon lattices."

The researchers also discussed the tunability and the potential
applications. They found that the tunability of SLRs by varying the 
silicon nanodisks' diameter and the lattice period is inherited by the dual-
band BICs.

"We hope this concept will help to suppress the inherent losses and to
achieve high Q-factors for plasmonic metasurfaces," said Dr. Li.

  More information: Xiang Du et al, Dual-band bound states in the
continuum based on hybridization of surface lattice resonances, 
Nanophotonics (2022). DOI: 10.1515/nanoph-2022-0427
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