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Few-layer metasurfaces with engineered structural symmetry
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Metasurfaces are planar arrays composed of artificial nanostructures at the subwavelength scale. Since the first demonstration of their excellent capacity in the phase
manipulation of optical waves, metasurfaces have attracted
increasing attention in optics and other disciplines, with
extraordinary progress over the past decade. The unique
capabilities of metasurfaces in the multidimensional manipulation of optical waves have made them versatile and
powerful platforms for integrating and minimizing optical
devices [1,2]. However, as planar arrays, the insufficient
design freedoms of the structural symmetry of metasurfaces
have led to certain defects in their controllability and functionality, impeding their further development in integrated
photonics, quantum optics, and other fields. Recently, fewlayer metasurfaces comprising more than one functional
layer have become promising alternatives to overcome the
drawbacks in metasurfaces [3]. Few-layer metasurfaces
cannot be treated as simple stacks of multiple metasurfaces.
The abundant interlayer light-matter interactions within fewlayer metasurfaces and the high design freedoms of fewlayer metasurfaces have expanded the design flexibility
significantly, resulting in optical devices with high efficiency
and novel optical functionalities. Notably, compared with
planar metasurfaces which always have a mirror symmetry
with respect to the plane, researchers can arbitrarily design

the structural symmetry of few-layer metasurfaces. This key
feature enables few-layer metasurfaces to achieve some optical responses that planar metasurfaces cannot.
Implementation of giant three-dimensional (3D) chiral
optical responses in few-layer metasurfaces is a major research subject in nanophotonics [4]. Compared with the twodimensional chiral optical responses in planar metasurfaces,
which are attributed to the circular polarization conversion
effect, the chiral optical responses of few-layer metasurfaces
with unique structural symmetry designs can be purely 3D.
This suggests that few-layer metasurfaces can exhibit orthogonal circular polarization eigenstates. For example, Li et
al. [5] proposed a bilayer metasurface with C4v structural
symmetry but without additional reflection symmetry to
realize the spin-selective transmission of optical waves.
Further research proved that rotational disorder can be used
to realize a pure 3D chiral optical response in few-layer
metasurfaces [6]. Few-layer metasurfaces with giant 3D
chiral optical responses are a versatile platform for examining chirality with potential applications in chiral sensing.
Asymmetric transmission of linear-polarized waves, which
cannot be realized in planar metasurfaces, can be easily
implemented in few-layer metasurfaces because the structural symmetry of few-layer metasurfaces can be arbitrarily
designed [7]. Recently, benefiting from the asymmetric
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transmission effects of optical waves in few-layer metasurfaces and their high effciency, the few-layer metasurfaces
with unique structural symmetry designs have become a
good approach for bidirectioanl independent manipulation of
optical waves, which are widely used for asymmetric holograms, asymmetric wavefront manipulation, and wavevector
selected multifunctional integration [8,9]. Recent advances
in few-layer metasurfaces have demonstrated that few-layer
metasurfaces with unique structural symmetry designs can
be further used to realize the chiral bound states in the
continuum, full-space manipulation of optical waves, and
polarization-selected multifunctional integration [10]. These
approaches effectively show the unprecedented possibilities
of few-layer metasurafaces for the bidirectional and multidimensional manipulation of optical waves.
In conclusion, the few-layer metasurfaces with engineered
structural symmetry have a superior ability to manipulate
optical waves. Therefore, few-layer metasurfaces with high
design freedoms will play an increasingly important role in
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nanophotonics.
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