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Abstract For the honeycomb-lattice photonic crystals made of perfect electric conductor cylinders, a mathematical model
is proposed to calculate the inter- and intra-lattice coupling intensity by analogy with electrostatic interactions. The
comparison of inter- and intra-lattice coupling is made to explain the quantum spin Hall effect at the structure level. The
calculated results reveal that the intra- and inter-lattice coupling intensity changes with the increase in the cylinder radius,
namely that a topological phase transition occurs. Numerical simulations confirm that topological inversion of the band
structures of photonic crystals on both sides of the transition position occurs, and a unidirectional topological photonic
waveguide emerges at the interfaces between these photonic crystals of different topological phases. The proposed
mathematical model can predict the topological phase transition of optical/acoustic topological insulators and can provide a
reference for subsequent component development.
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Fig. 1 Schematic of a photonic crystal unit cell and two types of couplings. (a) Schematic of honeycomb lattice photonic crystal unit

cell composed of perfect electric conductor cylinders; (b) schematic of mathematical model based on electrostatic interaction

analogy, where circular dashed line area represents intra-lattice coupling and rectangular dashed line area represents inter-lattice
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Fig. 2 Intra-lattice and inter-lattice coupling strength changing with cylinder radius (the dimensionless coupling strength is used and

normalized to the lattice constant ). Cylinder radius ranging from 0. 05a to 0. 25a when (a) N=6 and (b) N=12; cylinder radius
ranging from 0. 2770a to 0. 2790a when (c) N=6 and (d) N=12
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Fig. 4 Simulated magnetic field H, distributions of pseudospin dipole modes and pseudospin quadrupole modes with 7=0. 2783a and

r=0. 1328a at Brillouin zone center
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