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Fig. 1. The structure of unit cell and phase transition of two dimensional photonic crystal: (a) Lattice constant

is a, dielectric constant and permeability of vacuum is g9 and ug respectively, the radius of ring structure R; and
Ry are tunable; (b) When R1 = 0.334a and Rz = 0.429a (a = 0.013 m) without external magnetic field, photonic
crystal is in QSHE When external magnetic field is increasing, the topology of this system is changing.
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Fig. 2. Different band structures in two dimensional pho-
tonic crystal: (a) When R; = 0.005a and Ry = 0.388a
without external magnetic field, photonic crystal is conven-
tional insulator phase near the frequency of 0.46; (b) when
R; = 0.357a and Rz = 0.450a with external magnetic field
H = 600, photonic crystal is TRB a quantum spin Hall
phase near the frequency of 0.46; (c) when R; = 0.284a and
Ry = 0.425a with external magnetic field H = 2200, pho-
tonic crystal is QAH near the frequency of 0.46.
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Fig. 3. Projected band structure and topological edge
states induced by the difference of Chern number:
(a) Super cell consists of 16 unit cell A and 16 unit
cell C of Fig. 2. Projected band structure is calculated
with two different interfaces s; and s2; (b) E. field
of topological edge state at interface s; of P; with
ky = —0.21/a; (c) E; field of topological edge state at
interface sy of P with ky = 0.21/a.
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Fig. 4. Projected band structure and topological edge
states induced by the difference of Z> topological num-
ber: (a) Super cell consists of 16 unit cell A and 16
unit cell B of Fig.2. Projected band structure is cal-
culated with two different interfaces s1 and s2; (b) E.
field of topological edge state at interface s1 of P; with
ky = —0.21/a; (c) E; field of topological edge state at
interface s1 of P» with ky = 0.21/a.
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SPECIAL TOPIC — Topological classical waves

Topological phase transitions in core-shell gyromagnetic
photonic crystal®

Shen Qing-Wei') Xu Lin? Jiang Jian-HuaV?1

1) (Department of Physics, Optoelectronics and Energy, Soochow University, Suzhou 215006, China)
2) (Collaborative Innovation Center of Suzhou Nano Science and Technology, Soochow University, Suzhou 215006, China)

( Received 30 August 2017; revised manuscript received 8 November 2017 )

Abstract
We found that core-shell gyromagnetic photonic crystal of two-dimensional triangular lattice exhibit topological
phases. In a certain parameters and magnetic field, those phases could be a conventional insulator phase, a quantum
spin Hall phase, and a quantum anomalous Hall phase. Different from the structure of Ref[1], phase transitions in our
core-shell structure does not involve changes of space symmetry, which depend on parameters of our structure and the

broken of time reverse symmetry. Our result shows the variety of topological phase transitions in photonic crystals.

Keywords: photonic crystal, topological phase transition, topological edge state
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