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El1 (a) SPPALET SRR K285 b, 1 HLEA 08 A e 53 BEUE R R; (b) SPP AL 4E= AN b B RR B
RANT 3 M AN G IR R A B i [13]

Fig. 1. (a) Surface plasmon polaritons (SPP) exist inside the gap of the metal bulk spectrum and have spin
momentum locking relationship; (b) the two-dimensional dispersion of SPP mode exhibits a vortex spin texture

similar with the edge states of 3D topological insulators.
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Fig. 2. (a) The metasurface with spatially gradient phases; (b) the direct observations of optical spin Hall effect, red
(blue) means right(left) circular-polarizations [29; (c) the periodic artificial microstructure [?0] with broken inversion
symmetry can induce spin - dependent band structure (d); (e) the metasurface with broken inversion symmetry can

31]

hold spin-dependent surface waves [31] which have strong lockings with momentum directions.
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Fig. 3. (a) The optical quantum spin Hall effect on
the interface between ENG and MNG; (b) the spin

density Sgyu,f of surface mode can exhibit strong spin-

momentum locking (331,
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Fig. 4. (a) The interface profiles between ENG and MNG can be realized by the microwave transmission line

system with artificial microstructures, a circularly polarized source in MNG can excite one guided mode with

a specific propagating direction; (b), (c) the surface waves excited by clockwise-rotating source; (d), (e) the

surface waves excited by anticlockwise-rotating source; (f), (g) the normalized stimulated values of |H| can

reflect the selected excitation of corresponding surface mode profile, In figure, CRS means clockwise-rotating

source and ACRS means anticlockwise-rotating source [33].
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Fig. 5. (a) The theoretical model of Lieb lattice, t; and
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pling strengths respectively; (b) the first Brillouin zone of
model, and means the high symmetry points in Brillouin
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Fig. 6. (a) The Lieb lattice circuit system, the links with different colors mean circuits in different plane; (b) the

circuit profiles corresponding to quantum interaction with 90 degrees phase; (c), (d) give the concrete circuit profiles

inside the block in (a); (e) the bandstructure of Lieb lattice circuit system, when a = 1 and ¢1/t2 = 2; (f) the

bandstructure and spin Chern number of edge states of half-infinite Lieb lattice circuit system (411,
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SPECIAL TOPIC — Topological classical waves

Quantum spin Hall effect in metamaterials”
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Abstract

Quantum spin Hall effect (QSHE) of electrons has improved the development of condensed matter researchnowadays,
which describesone kind of spin-dependent quantum transport behavior in solid state. Recently, a variety of theoret-
ical and experimental work has revealed that Maxwell equations, which is formulated 150 years ago and ultimately
describeproperties of light, can exhibit an intrinsic quantum spin Hall effect of light. The evanescent wave supported
on the interface among different media behaves strong spin-momentum locking. With the rapid development of new
optics materials, metamaterials, we can not only adjust the optical parameters of media arbitrarily, but also introduce
a lot of complex spin-orbit interaction mechanism. Based on metamaterials, the essential physical mechanism behind
quantum spin Hall effect of light can be understood deeply and verified easily. The purpose of this review is to give a
brief introduction to quantum spin Hall effect of light in metamaterials. These include, for example, the physical essence
of QSHE of light, the topological interface mode between permittivity negative and permeability negative metamaterials,

QSHE in topological circuits.
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