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Fig. 1 Schematic diagrams of two-dimensional photonic crystal structure with C,, symmetry of arc-cut triangular units arranged in

triangle and its band structures. (a) Photonic crystal structure with §==0°; (b) photonic crystal structure with §=30°; (¢) photonic

crystal structure with §=—230"; (d) photonic crystal band structure with §=0°; (e) photonic crystal band structure with §=30°;

() photonic crystal band structure with §=—30°
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Fig. 2 Schematic diagrams of two types of interfaces of photonic crystal structure arranged in triangle. (a) zigzag interface; (b) armchair

interface
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Fig. 3 Supercell structure model and band analysis of zigzag interface of the first valley topological edge state. (a) Schematic of

-1.0 -0.5

supercell structure model of zigzag interface of the first valley topological edge state (the forward propagation modes are ¢ and
¢, for interfaces I1, and the backward propagation modes are ¢, and ¢, for interfaces 12); (b) calculation results of energy band
at the first valley topological edge state of supercell with zigzag interface (solid line represents body state, and dashed line and
dotted line represent I1 and 12 valley edge states, respectively); (c) electric field distributions and energy flow directions
(indicated by arrow) of four valley edge states at the same frequency (four insets are enlarged views of 11 and 12); (d) the first

valley topological edge state of I1; (e) the first valley topological edge state of 12
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Fig. 4 Supercell structure model and band analysis of zigzag interface of the second valley topological edge state. (a) Schematic

diagram of supercell structure model of zigzag interface of the second valley topological edge state; (b) calculation results of

energy band at the second edge state of supercell of zigzag interface; (¢) electric field distributions and energy flow directions

(indicated by arrows) of four valley topology interface states at the same frequency (four insets are enlarged views of I1 and 12);

(d) the second valley topological edge state of 11; () the second valley topological edge state of 12
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Fig. 5 Supercell structure model and band analysis of armchair interface of the first valley topological edge state. (a) Schematic of
supercell model of armchair interface (forward propagation modes are ¢ and ¢, for interface I3, and backward propagation
modes are ¢ and ¢, for interface 14); (b) calculation results of energy band at the first edge state of supercell with armchair

interface (solid lines represent body state, and dashed line and dotted line represent I3 and 14 valley edge states, respectively)
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Fig. 6 Electric field distributions and energy flow directions indicated by cone arrows of four valley edge states at the same frequency

(four insets are enlarged views of 13 and 14)
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Fig. 7 Supercell structure model and band analysis of armchair interface of the second valley topological edge state. (a) Schematic of

supercell structure model of armchair interface in the second valley topology edge state; (b) calculation results of energy band at

the second valley topological edge state of supercells with armchair interface (solid lines represent body state, and dashed line,

dotted line, and dash-dotted line represent valley interface states of I3 and 14 interfaces)
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Fig. 8

Electric field distributions and energy flow directions corresponding to four valley topological interface states at the same

frequency. (a) 13 interface at point 1; (b) I4 interface at point 1; (¢) I3 interface at point 2; (d) 14 interface at point 2
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Fig. 14 Robustness of valley topological edge state of zigzag interface 11. (a) Structure of interface 11 with six deformed scatterers, and
inset is enlarged view of deformed scatterers; (b) calculated electric field distribution of structure in Fig. 14(a), and inset is
enlarged view of electric field distribution near deformed scatterers; (c) schematic of Z-shaped waveguide structure composed of

interface I1, and broken line represents I1 interface; (d) calculated electric field distribution of Z-shaped waveguide structure
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Fig. 15 Robustness of valley topological edge state of armchair interfaces 13 and 14. (a) 30° waveguide without defects in T and with

defects in I , and two sides of broken line are different types of photonic crystals; (b) calculated electric field distributions of

interface I3 in Tand Il of Fig. 15(a); (c) calculated electric field distributions of interface 14 in T and Il of Fig. 15(a)
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Fig. 16 Electric field distributions when rightward propagating plane wave is incident at left edge of interface. (a) Second valley

topological edge state can be excited at interface 11; (b) second valley topological edge state can be excited at interface 12
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Fig. 17 Robustness of the second valley topological edge state of zigzag interfaces 11 and 12. (a) Z-shaped waveguide formed by
interface I1; (b) Z-shaped waveguide formed by interface 12
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Fig. 18 Transport characteristics of the second valley topological edge state of armchair interface 13. (a) Plane wave excitation with

normalized frequency of 0.93; (b) plane wave excitation with normalized frequency of 0. 95; (c) plane wave excitation with

normalized frequency of 0. 97
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Fig. 19 Transport characteristics of the second valley topological edge state of armchair interface 14. (a) Plane wave excitation with

normalized frequency of 0.93; (b) plane wave excitation with normalized frequency of 0. 95; (c) plane wave excitation with

normalized frequency of 0. 97
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Fig. 20 Transport robustness of the second valley topology edge state of armchair interface 13. (a) Plane wave with normalized
frequency of 0. 93 is excited and transmitted in 30° waveguide; (b) plane wave with normalized frequency of 0. 95 is excited and
transmitted in 30° waveguide; (c) plane wave with normalized frequency of 0. 97 is excited and transmitted in 30° waveguide;
(d) plane wave with normalized frequency of 0. 93 is excited and transmitted in 30° waveguide with defects; (e) plane wave with
normalized frequency of 0.95 is excited and transmitted in 30° waveguide with defects; (f) plane wave with normalized

frequency of 0. 97 is excited and transmitted in 30° waveguide with defects
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Abstract

Objective  Valley pseudospin is an important approach to construct optical topological insulators, and its properties
determine the topological transmission characteristics. Using topological structures to control light transmission makes it
ideal to control light waves in all concerned wavebands. However, the previously reported valley topology photonic crystal
studies often break only one degeneracy point in photonic crystal bands, achieve topological phase transition through band
inversion, and obtain valley topological edge states of single wavebands. This can only play a role in light propagation in a
very narrow range but cannot modulate light propagation in more wave ranges. Thus, this paper researches the light
transport characteristics of dual-band valley topological photonic crystals to modulate light propagation in a wider
wavelength range as far as possible. The designed photonic crystal structure has two degeneracy points in the band and can
make the two points open at the same time by rotating the scatterer to generate two band gaps. In this way, valley
topological phase transitions can occur in two ranges, and the light propagation within the two wavelength ranges can be
modulated. Finally, a supercell structure with topological edge states is constructed, and the transport characteristics and
robustness of topological edge states with different interface types are investigated, which provides a basis for the design

and application of dual-band valley topological edge states.

Methods In this paper, photonic crystal supercells with a dual-band valley structure are constructed. The transport
characteristics and robustness of zigzag and armchair interface topological edge states in two bands are studied. The band
structures of zigzag AB (interface 11), BA (interface 12), armchair AB (interface 13), and BA (interface 14) are calculated
by the finite element method, and the electric field modes of light propagation corresponding to different interface
topological edge states are compared and analyzed. The transport characteristics of plane waves along interfaces 11, 12,
I3, and 14 are calculated in the first and second topological edge states. Finally, the disturbance of defects, impurities, and

sharp corner structures on the transport characteristics of zigzag and armchair interfaces is investigated.

Results and Discussions For zigzag interfaces, the edge states of AB (interface I1) and BA (interface 12) are different,
regardless of the first or second topological edge states. For armchair interfaces, the rule is quite different from the zigzag
interface, and the edge states of AB (interface 13) and BA (interface 14) are completely identical. For zigzag interfaces, the
light transport characteristics of symmetric interfaces are significantly different from those of antisymmetric interfaces.
Symmetric interfaces allow plane wave transmission while antisymmetric interfaces greatly inhibit plane wave
transmission. However, the light propagation does not show any difference for armchair interfaces. For the interfaces
allowing plane wave transmission, both zigzag and armchair interfaces feature good robustness against impurities, defects,

sharp corners, etc.

Conclusions Band range expansion of topological edge states is vital for the practical application of optical topological
insulators. This paper constructs a photonic crystal supercell with a dual-band valley structure and compares the band
structure and light transport characteristics of the interfaces I1, 12, 13, and I4. Different transmission phenomena of zigzag
and armchair interfaces are discovered, and the robust transmission ability of topological edge states is verified. The
constructed topological edge state can simultaneously modulate the light transport characteristics in two ranges, which will
provide ideas and guidance for expanding the application fields of optical topological insulators. The physical mechanism of

different interfaces exhibiting various transport characteristics needs to be further explored.

Key words materials; topological photonic crystal; valley structure; multiple bands; interface type; topological edge state
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