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Fig. 1. (a) Primitive cell of two-dimensional triangular lattice; (b) periodic structure of photonic crystal; (c) the first Brillouin zone

of the periodic structure; (d)—(f) frequency band structures as D = 2a/9 and R takes values of a/3-0.02a, a/3 and a/3 + 0.02q, re-

spectively; inserts in (d) and (f) show the distributions of eigenfields |E,| of p and d orbits at point I'.
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Fig. 2. (a) Projected diagram of edge state at boundary of two photonic crystals with different pseudospin topological properties,

shaded areas are bulk states, and red curves are helical edge states; (b) supercell for calculation of projected diagram; (c) and (d)

the eigenfield |E,| and phase distribution ¢ = arg(E,) of edge states A and C in (a), respectively; (e) and (f) propagation simulation

of edge states A and C excited by pseudospin sources, the yellow circular arrows denote locations of sources, and rotation directions

of arrows indicate spin directions of sources.
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Fig. 3. (a) Variation of the bandgap width between orbits p and d with parameters R and D; (b) variation of the bandgap position

with parameters R and D.
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Fig. 4. (a) Schematic diagram of calculation model; (b)—(f) projected diagram of edge states and unidirectional propagation of
pseudospin wave at boundaries as D = 0.13a and r takes values of 0.01a, 0.02qa, 0.04a, 0.06a and 0.08a, respectively. Left panel: pro-
jected diagram, central panel: optical energy wy and wp right panel: unidirectional isolation rate 8. In (e), the blue , black, green,
magenta and red dashed lines (top to bottom) represent frequency positions of bottom of upper body state, top of upper edge state,
bottom of upper edge state, top of lower edge state and top of lower body state, respectively. In (c), points M and N mark the lower
edge state with frequency 0.648 and upper edge state with frequency 0.684, respectively. In (f), point O marks the lower edge state
with frequency 0.622, points P and @) mark the upper edge states with frequency 0.685.
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Fig. 6. Propagation of helical edge state excited by pseudopospin sources at the boundary: (a)—(d) Corresponding to the edge states

of points M and N in Fig.4(c), and points O and P in Fig.4(f), respectively.
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Fig. 7. (a)—(c) Projected diagram of edge states and unidirectional propagation of pseudospin wave at boundaries as R; = 0.21a, Ry =
0.41a, Dy
energy wy and wp, right panel: unidirectional isolation rate B. (d) Variation of helical edge states as D increases, the curve types

= D, = D and D takes values of 0.1a, 0.13a and 0.16a, respectively. Left panel: projected diagram, central panel: optical

and color legends are the same as those in Fig.5. (e) and (f) Propagation simulation of the edge states of points E and F in (b), re-
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Fig. 8. Upper panels: Phase distributions ¢ = arg(E,) of the eigenfield around excited sources at boundaries, (a)—(d) corresponding
to the edge states of points M and N in Fig.4(c), and points O and P in Fig.4(f), respectively; (e) pseudospin source in free space,
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Fig. 9. (a)—(c) Band structures of the photonic crystals of C;, Cy and Cs, respectively, insert in (c) shows the eigenfield |E,| of I'of
the 4™ band; (d) and (e) projected diagram of edge states and unidirectional propagation of pseudospin wave at boundaries of Cjy
and C,3 structures, respectively. Left panel: projected diagram, central panel: optical energy wy and wg, right panel: unidirectional
isolation rate 8. (f)—(i) Propagation simulation of the edge states of points S and T in (d) of Cyy structure, and edge states of points

Uand Vin (e) of Cy3 structure, respectively, exited by pseudospin sources.
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Abstract

The unidirectional propagation of the pseudospin-locked optical waves can be achieved by using the helical
edge states in two-dimensional topological spin photonic crystals. Although there have been lots of researches on
topological spin photonic crystal, the unidirectional propagation regulation of helical edge states has been rarely
studied up to now. Herein, by tuning the diameter D of the dielectric rod and the distance R between the center
of the unit cell and the center of the rod in two-dimensional topological spin photonic crystal with Cg, symmetry,
the effects of geometric parameters on the bandgap structure, topological properties and unidirectional
propagation of helical edge states in topological spin photonics crystals are studied in detail. The results show
that the parameter R has significant effects on the bandgap structure and topological properties of topological
spin photonic crystal, and the diameter D of rod only affects the bandgap positions. The structures of helical
edge states and their unidirectional propagations are closely related to the topological properties of the
bandgaps and the frequency structures of photonic crystals on both sides of boundary. Without changing the
topological properties of bandgaps, only changing the structures of the photonics crystals on either side of the
boundary can also regulate the structures of the helical edge states and their unidirectional propagation. Thus,
by adjusting the geometric parameters R and D of the topological spin photonic crystals, the helical edge states
and their unidirectional propagations can be controlled. This study provides useful references for the selection

and application of helical edge states in topological spin photonic crytals.
Keywords: topological, spin, photonic crystal, edge state
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