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Fig. 1. PC schematic diagram, red vectors represent unit vect-
ors of hexagonal and rhomboid unit cell respectively, and
the length of lattice constant is ag. The right figure is an
enlarged view of a hexagonal cell. R is the distance between
adjacent silicon columns and D is the diameter of cylinder.
ed,ea are dielectric constants of cylinder and surrounding

environment, respectively.
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Fig. 2. (a) The gray area denoted by Z represents the BZ of the rhomboid unit cell; the blue area denoted by Zs represents the BZ
of the hexagonal unit cell; (b1,b2) and (bs1,bs2 ) are the corresponding inverted lattice basis vectors, respectively; (b) the folding
mechanism from 7 to Zs; (c¢) band dispersion maps in the BZ of the rhomboid unit cell with different scanning paths, and band
dispersion maps with different scanning paths based on the folding mechanism; (d) dispersion curves based on a single cell Cs, and
the inset is the original single cell and the scanned BZ, the structural parameters are ap = 1 um, D = 0.24ag, R/ap = 1/3, the
right of Fig. (d) is electric fields of Dirac quadruple degenerate points.
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Fig. 3. Energy bands of lattices with R/ag = 0.25 (D = 0.36a9 )(a) and R/agp = 0.5(D = 0.4ap )(b), respectively, the p and d
modes reversal occurs in " (b); (c) two columns on the left: electric fields of the p or d state at point I" for the lattice with
R/aop = 0.25 (left 1 and 2), two columns on the right: electric fields for the p or d state for the lattice with R/ag = 0.5 (right 1 and 2).
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(d) Berry curvature of the first band of positive or negative perturbations of the KPC unit cell.
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Fig. 6. Optical transmission characteristics and the electric field distribution of the pseudospin boundary state: (a) Schematic dia-
gram of the straight waveguide consisting of the non-trivial structure with R = 0.5 x ag (blue area) and the trivial structure with
R =0.25*ag (red area), the yellow hexagon in the diagram shows the position of the excitation source; (b) schematic diagram of a
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R =0.25%ag (red area); (f) field intensity distribution of the electric field excited by the RCP source.
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Fig. 7. Optical transmission characteristics and the electric field distribution of the valley edge state: (a) Schematic diagram of val-

ley waveguide composed of d = 0.8dp (blue region) and d = 1.2dg (red region), the left-handed circular polarized dipoles (marked

as the hexagon) placed at different locations near the interface between KPCs with positive or negative disturbances to excite edge

modes; (b)—(d) are the electric field intensity distributions excited by the LCP light source at different positions; (e) sch-

emes of z-shaped waveguide; (f) the electric field intensity distribution of Z-shaped waveguide excited by the LCP source.
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Abstract

The location and transmission of light is the core of modern photonic integrated device, and the proposal of
topological photonics provides a new way of implementing optical manipulation. Topological photonic structures
based on the quantum spin hall effect or quantum valley hall effect have the properties of immunity to defects
and suppress backscattering, so they play a key role in designing novel low-loss photonic devices. In this work,
we design a two-dimensional dielectric photonic crystal with time-reversal symmetry to achieve the coexistence
of the quantum spin hall effect and the quantum valley hall effect in a photonic crystal. The design can be
likened to an electronic system in which two pairs of Kramers simplex pairs are constructed to achieve a
quadruple simplex pair in a photonic crystal. First, based on the method of shrinking and expanding the silicon
pillars arranged in the honeycomb structure, the quadruple degeneracy point at the I" point of the first Brillouin
zone is opened, and the corresponding topologically trivial or non-trivial photonic band gap is formed,thereby
realizing quantum spin hall effect. The expanded honeycomb lattice evolves into a Kagome structure, and then
positive and negative perturbations are added to the Kagome lattice, breaking the spatial inversion symmetry of
the Photonic crystal. When mirror symmetry is broken, different chiral photonic crystals can be created,leading
the degeneracy point of the non-equivalent valleys K and K’ in the Brillouin zone to be opened and a complete
band gap to appear, thus realizing the Quantum valley hall effect. In the common band gap, topologically
protected edge states are induced by nontrivial valley Chern number at the interface between two photonic
crystals with opposite chirality. The numerical calculations show that unidirectional transport and bending-
immune topological boundary states can be realized at the interface composed of topologically trivial (non-
trivial) and positively (negatively) perturbed photonic crystals. Finally, a four-channel system based on the
coexistence of the two effects is designed, The system is a novel electromagnetic wave router that can be
selectively controlled by pseudospin degree of freedom or valley degree of freedom. This system provides a
potential method for realizing the optical encoding and robust signal transmission, thereby providing greater

flexibility for manipulating electromagnetic waves.
Keywords: photonic crystal, pseudospin, valley hall effect, topological phase transition
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