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Fig. 1. Schematic structure and bulk band of valley photonic crystals: (a) Schematic of Cy symmetry valley photonic crystal and its
symmetry analysis, the structure is composed of two interlaced triangular lattices with the same lattice constant, a unit cell con-
tains two silicon rods A and B (dashed rhombus), and the background is air. The diameter of A rod is 0.5a and the diameter of B
rod is 0.38a where a is the lattice constant, the dielectric constant of all rods is 11.7 and the permeability is 1. The symmetries are
labelled in the figure and are represented by black solid lines and arrows. (b) Schematic of low-symmetry valley photonic crystal
and symmetry analysis, we translate rod B along the diagonal of the rhombus towards rod A with a distance of 0.08a. (c¢) Bulk
band of Cs-symmetry valley photonic crystal, two lowest bulk bands of TM mode are shown. The first and irreducible Brillouin
zones (the triangle region composed of I-K-M) are also labelled. (d) Bulk band of low symmetry valley photonic crystal, and the re-
gion composed of I*M-K;-Ky-K3-M is the irreducible Brillouin zone (blue filled area).
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Fig. 2. Edge states of low-symmetry valley photonic crystal: (a) Schematic of boundary which is built between one valley photonic

crystal (green) and the other valley photonic crystal (yellow); (b) the band dispersion of edge states, grey area represents bulk

states and orange curve represents edge states, two edge states at 0.245¢/a are represented by two dots; (¢) electric field intensity

distribution and phase distribution of two edge states at 0.245¢/a, the black arrow indicates the direction of the phase vortex.
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Fig. 3. Unidirectional excitation and external coupling of edge states of low-symmetry valley photonic crystal: (a) Schematic of uni-
directional excitation of edge states. The gray area is the dielectric layer. Three input monopoles are placed in the middle as the ex-
citation source and the working frequency is 0.245¢/a, the red box represents the study area of unidirectional excitation (labeled
with (D), the blue box represents the study area of external coupling (labeled with @); (b) ratio of electric field at the left and right
sides of the excitation source when the phase of monopole 3 is kept unchanged, but the phases of monopoles 1 and 2 are changed;
(c) electric field intensity distribution for different input sources; (d)—(f) three cases of external coupling of edge state, wave vector
space analysis is placed in the first line, the gray solid line represents the boundary and the gray dashed line represents the direc-
tion which is perpendicular to the boundary, the arrow represents the direction of wave vector, corresponding field distribution is

placed in the second line. The black solid line represents the boundary.
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Fig. 4. Robust transmission of edge states of low-symmetry
valley photonic crystal: (a) Transmission spectra for the Z-
shaped bend waveguide and the straight waveguide (orange
region represents the range of band gap); (b) schematic of
straight waveguide and electric field intensity distribution
of straight waveguide at 0.245¢/a and 0.249¢/a, the source
is represented by arrow and the receiver is represented by
horn; (c) schematic of Z-shaped bend waveguide and elec-
tric field intensity distribution of Z-shaped bend waveguide
at 0.245¢/a and 0.249¢/ a.
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Abstract

Valley photonic crystals represent a cornerstone in the field of topological photonics, which promotes the
development of cutting-edge photonic waveguides. These waveguides support robust transmission by using
valley-dependent edge states. This innovation marks a great leap forward in enhancing transmission efficiency,
(especially in sharp bends), thus opening up a new way for efficient optical information transmission. However,
although the role of symmetry in topology and photonic crystals cannot be exaggerated, it is worth noting that
valley photonic crystals provide a unique platform for exploring the interplay between symmetry and
topological phenomena. An intriguing analogy between valley photonic crystals and the quantum valley Hall
effect is an example, which will be shown when the symmetry of spatial inversion is broken. At present, the
characteristic of most valley photonic crystals is Cs-rotational symmetry, which leads to an interesting study,
that is, whether crystals with lower symmetry can also support topological light transmission. In order to solve
this problem head-on, our work focuses on constructing and characterizing valley photonic crystals with low
symmetry by carefully adjusting the unit cell morphology. Through theoretical analysis and numerical
simulation, we unveil the remarkable ability of these low-symmetry valley photonic crystals to facilitate
topological light transport. Initially, we analyze the bulk bands of these low-symmetry crystals, observing a
narrowed photonic band gap and a shift in the irreducible Brillouin zone compared with Cs-rotation symmetric
crystals. To examine edge state transmission, we calculate dispersion relations and electric field distributions,
revealing two edge states with opposite phase chirality at the same frequency. Using this point, we achieve
unidirectional excitation of edge states. Additionally, we manipulate the refractive index of the surrounding
medium and explore various scenarios of external light beam coupling. Moreover, we investigate the robust
transmission of edge states, demonstrating smooth passage of light through sharp corners in Z-shaped bend
waveguides without backscattering. In conclusion, our findings underscore the pivotal role played by edge states

in facilitating unidirectional excitation and robust transmission in low-symmetry valley photonic crystals. By

enriching the diversity of topological photonic T .
structures and providing valuable insights into the e 9
behavior of topological light transport in structures A’:---”'-”
with lower symmetry, our work contributes to the 0
ongoing quest for mnovel photonic platforms with _@ K

enhanced functions and performance.
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