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We study the topological states (TSs) of all-dielectric honeycomb valley photonic crystals (VPCs). Breaking the space
inversion symmetry of the honeycomb lattice by varying the filling ratio of materials for circular ring dielectric columns in
the unit cell, which triggers topological phase transitions and thus achieves topological edge states (TESs) and topological
corner states (TCSs). The results demonstrate that this structure has efficient photon transmission characteristics and anti-
scattering robustness. In particular, we have found that changing the type of edge splicing between VPCs with different
topological properties produces a change in the frequency of TCSs, and then based on this phenomenon, we have used a
new method of adjusting only the type of edge splicing of the structure to design a novel TCSs combiner that can integrate
four TCSs with different frequencies. This work not only expands the variety and number of unexplored TCSs that may
exist in a fixed photonic band gap and can be rationalized to be selectively excited in the fixed configuration. Our study
provides a feasible pathway for the design of integrated optical devices in which multiple TSs coexist in a single photonic
system.

Keywords: valley photonic crystals, topological phase transitions, topological edge states, topological corner
states, combiner
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1. Introduction
Inspired by the concept of topological phases in con-

densed matter physics, topological photonics has been rapidly
developed due to its special ability to manipulate light and effi-
cient anti-scattering mechanism.[1–6] In the early days, one of
the most classical topological phenomena in topological op-
tical systems was the realization of the TESs by the quan-
tum Hall (QH) effect,[7–9] and the quantum spin Hall (QSH)
effect.[10–12] Due to the efficient photon transmission charac-
teristics and anti-scattering robustness of the TESs,[13] they
have quite excellent applications in efficient optical transmis-
sion behavior.[14–21] Subsequently, the emergence of the quan-
tum valley Hall (QVH) effect,[22–24] which reduced the re-
quirements of the properties of materials and imposed condi-
tions for realizing the topological nontrivial states and enabled
more diverse optical field modulations.[25,26] When the all-
dielectric VPCs can realize the selective excitation of the TSs
by controlling the phase difference of the excitation source,
which have become the mainstream object of choice for topo-
logical photon transmission.[27–30]

Recent theoretical developments have generalized topo-
logical phases to higher orders, higher-order topological insu-
lators (HOTI) have been extensively studied for their unique
bulk–edge correspondence principle.[31–33] For example, in a

two-dimensional (2D) topological optical system, a 2D topo-
logical insulator can have both 1D TESs and 0D TCSs.[34,35]

As highly localized cavity modes, the TCSs have the ultra low
mode volume as well as the high quality factor,[36–40] which
particularly have potential applications in the study of light-
matter interactions.[41] A variety of methods for manipulating
the TESs have been proposed, however, the research on emerg-
ing TCSs is still mainly focused on their complete realization
and deeper expansion in properties,[42–46] and how to utilize
the proven properties of the TCSs to design novel optical de-
vices will have a broad research outlook. Therefore, we con-
sider the methods of analyzing and manipulating the TESs of
VPCs to explore their TCSs, propose a simple method that can
integrate different TCSs, and design a novel TCSs combiner.

In this paper, we first theoretically investigate the topo-
logical properties of 2D honeycomb VPCs formed by placing
two sizes of circular ring dielectric columns in air in the order
of honeycomb lattice arrangement. Next, we use the zigzag-
type edge (interface I) to connect these two types of VPCs with
different topological properties to further explore their TESs,
and demonstrate that this structure has efficient photon trans-
mission characteristics and anti-scattering robustness. More-
over, we specifically analyze their TCSs based on the TESs.
We first realize the TCSs of the structure, then take the type
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of edge splicing as the entry point, and continue to introduce
two kinds of bridge-type edges on the basis of the original
two kinds of zigzag-type edges. We find that different types
of edge splicing produce subtle changes in the frequency of
the TCSs, and we explore deeper into this phenomenon and
have found a total of four TCSs with different frequencies hid-
den near the frequencies of 166.8 THz, 169.2 THz, 178.6 THz,
and 188.6 THz, which are not only realized in the fixed config-
uration, but also coexist subtly in the fixed photonic band gap.
Finally, based on the above, we design a novel TCSs combiner
that can integrate four TCSs with different frequencies, which
can selectively excite a single TCSs, thus opening a new way
to integrate multiple TCSs in the fixed configuration and pho-
tonic band gap. In addition, the material used to design all
the structures in this paper is all-dielectric silicon, which is a
relatively mature micro-nano material for processing, and the
proposed method does not have to change the lattice order, so
we believe that this work has potential research value in ex-
ploring new applications of integrated photonics.

2. Model and method
The designed VPCs structure is shown in Fig. 1(a), the

structure consists of circular ring dielectric columns with ring
width (W = R′ − R) uniformly placed in air with period a
(where the outer radius R′ = 100 nm, the inner radius R =

50 nm, and a is the lattice constant, a = 600 nm). The re-
gion of the regular hexagon is the unit cell of the VPCs, each
unit cell contains six identical dielectric columns with C6 ro-
tational symmetry. And a single honeycomb lattice can also
be seen as a composite of two triangular lattices, each con-
taining only A or B type lattice points. In order to make the
energy bands of VPCs have different properties at different
valleys, it is necessary to break the space inversion symmetry
of the structure while keeping the time inversion symmetry un-
changed to realize it. As shown in Fig. 1(b), the outer radius R′

of all dielectric columns in VPCs remains unchanged, and the
inner radius R of the dielectric columns located in the same
triangular lattice point sequence are narrowed and expanded
respectively (RA = 19 nm and RB = 86 nm) thereby changing
the ring width W of dielectric columns. There are two cases,
which we define as VPC1 and VPC2.

Since the 2D honeycomb VPCs is periodically arranged
in the x–y plane and the dielectric function along the z di-
rection is a constant, these have mirror symmetry in the x–y
plane, and thus the eigenmode of the electromagnetic field of
the VPCs can be divided into the transverse electric mode (TE
mode) and the transverse magnetic mode (TM mode) from the
derivation of Maxwell equations.[52] In this paper we consider
only the TM mode of electromagnetic wave propagation, i.e.,
the electric field component propagates along the z direction.

The corresponding wave equation to the TM wave is

∇
1

µ (𝑟)
∇𝐸z =−

ω2

c2 εr (𝑟)𝐸z, (1)

where εr (𝑟) = 𝜀(𝑟)/ε0 is the relative dielectric function,
µr (𝑟) = 𝜇(𝑟)/µ0 is the relative permeability function, 𝐸z is
the electric field along the z direction, and c is the velocity of
light in air. The solution of this equation satisfies the Bloch
theorem when εr (𝑟) has periodicity, then we use the finite el-
ement simulation software COMSOL to solve the eigenvalue
equation and thus obtain the energy bands of VPCs in TM
mode.

W

A

B

R′↼R↽

R′↼RA↽ R′↼RB↽

a

VPC1 VPC2

(b)(a)

Fig. 1. (a) Schematic diagram of the all-dielectric 2D honeycomb VPCs.
(b) Schematic diagram of the unit cells of VPC1 and VPC2.

When the ring width W of dielectric columns is con-
stant, the energy bands of the VPCs is shown in Fig. 2(a), at
which time the system is protected by the combined symmetry
of time inversion and space inversion, and the first and sec-
ond energy bands undergo a doubly degenerate at the K (K′)
point thereby producing a Dirac point with a frequency of
172.26 THz. The illustration shows the first Brillouin zone of
the unit cell of the honeycomb lattice, where b1 and b2 are the
basis vectors of the inverse lattice of the unit cell in recipro-
cal space, Γ , K, K′, and M are higher symmetry points in the
first Brillouin zone. The C6 rotational symmetry of the hon-
eycomb lattice ensures that there always exists a Dirac cone
with a linear dispersion relationship near the K (K′) point in
the first Brillouin zone, which provides a platform for realiz-
ing topological valley transmission with the pseudo-spin and
energy valleys locked.[53,54]

Next, VPC1 and VPC2 were formed by adjusting the di-
mensions of the ring width W on the basis of VPCs. Fig-
ure 2(b) shows the energy bands of VPC1 or VPC2, and a
photonic band gap with a frequency range of 154.41 THz to
219.37 THz was formed between the first and second energy
band. At this point the rotational symmetry of the honeycomb
lattice is reduced from the original C6 to C3, and as a result
the degenerate of higher symmetry K (K′) point in the first
Brillouin is broken, and forming two unequal energy valleys.
Photons in different energy valleys will be subjected to effec-
tive electromagnetic field of equal intensity and opposite di-
rection, producing the QVH effect. Specifically, photons ex-
hibit singular vortex chirality due to the fact that they carry or-
bital angular momentum (OAM) with different helical phase
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structure. The OAM of light is defined as the helical phase
structure of light waves in space, with the numerical value of
l, and the different values of l represent different helical phase
structures, where l is the orbital quantum number or the topo-
logical charge number, whose absolute value and sign repre-
sent the helicity and the direction of rotation of the helical
phase structure of light waves in space, respectively. There-
fore, the following formula can be used to define the helical
phase structure of OAM and calculate specific values

l =
∮

L
∇ [arg(𝐸z)] d𝑠/2π, (2)

where L is the integral path around the center of the helical
phase inspace, and ∇ [arg(𝐸z)] is the helical phase gradient in
space. In Fig. 2(c), the phase change of the first energy band
decreases clockwise by 2π at K point and counterclockwise
by 2π at K′ point. The former light has a right-handed heli-
cal phase structure OAM (l = −1) near the center of the unit
cell, and we define this photonic state as the pseudo-spin-down
state in Fig. 2(b); the latter light has a left-handed helical phase
structure OAM (l =−1) near the center of the unit cell, defin-
ing this photonic state as the pseudo-spin-up state.[47] Simi-
larly, the OAM and photonic states of the second energy band
at K and K′ points are opposite. In addition, VPC2 has the
same energy bands as VPC1 due to geometrical equivalence,
but these two VPCs exhibit different topological phases, so
they cannot be identified simply by the frequency dispersion
curve, and it is necessary to introduce the topological invariant
to distinguish the topological properties of these two VPCs.

In the presence of time inversion symmetry, the topolog-
ical invariant describing the topological optical system is de-
fined by the Berry phase of crystals in the k-space:

γn =
∮

An (𝑘) · d𝑘, (3)

where the kernel of integral An (𝑘) = 〈un,𝑘|i∇𝑘|un,𝑘〉 is Berry
connection, |un,𝑘〉 is the periodic Bloch function of the electric
field in k-space.[51] In a 2D plane, Berry curvature is

Ω𝑘 = ∇𝑘×An (𝑘) . (4)

According to Stokes’ theorem, the Chern number for a 2D
closed surface is

Cm
n =

1
2π

{

BZ
Ωn (𝑘) d2𝑘, (5)

thereby the topological invariant can be defined as the val-
ley Chern number, i.e., Cm

v = Cm
K −Cm

K′ , where Cm
K and Cm

K′

are the Chern numbers corresponding to the centers of the
first Brillouin zone taken at K and K′ points, respectively,
and m = 1,2 denotes VPC1 and VPC2, respectively.[55] Next,
we calculated the Berry curvature of the first energy band for
VPC1 and VPC2 respectively. As shown in Fig. 2(d), the two

have opposite Berry curvature distribution, for VPC1, there
are positive (negative) Berry curvature distribution of equal
magnitude at the K (K′) point, and the valley Chern num-
ber C1

v =C1
K −C1

K′ = 1/2− (1/2) = 1; while for VPC2, there
are negative (positive) Berry curvature distribution of equal
magnitude at the K (K′) point, and the valley Chern num-
ber C2

v = C2
K −C2

K′ = −1/2− (1/2) = −1. Thus, the fact
that VPC1 and VPC2 have valley Chern numbers of differ-
ent signs indicates that each possesses different topological
properties.[56]
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Fig. 2. (a) Photonic energy bands structure of VPCs. (b) Photonic energy
bands structure of VPC1 or VPC2. (c) The phase distribution of the Ez (elec-
tric field along the z direction) of VPC1 in the first and second energy bands
at the K and K′ points, respectively. (d) The Berry curvature distribution of
VPC1 and VPC2 in the first energy band, respectively.

3. Result and discussion
3.1. Topological transmission

In the previous section we have analyzed that VPC1 and
VPC2 possess different topological properties, and according
to the bulk–edge correspondence principle, the TESs occur at
the edge consisting of two VPCs with a common band gap and
different topological phases, which have perfect optical topo-
logical properties.

In order to verify the assumption of the existence of the
TESs, we drew on previous research,[50] and we splice VPC1
and VPC2 into each other to form the supercell shown in
Fig. 3(a), where the type of edge splicing is mainly analyzed as
the zigzag-type edge, and due to the difference in the order of
the splicing, there are two different zigzag-type edges (inter-
face I and interface II) shown in Figs. 3(b) and 3(c). Then
by calculating the dispersion relation of the supercell, two
TESs (blue and red) merged together are found to almost run
through the entire photonic band gap in Fig. 3(d), where the
gray parts are the topological bulk states (TBSs). The slopes
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of the curves indicate the propagation directions of the TESs,
which have opposite slopes at the K′-valley and K-valley, i.e.,
the frequency of the pseudo-spin-down state is higher than that
of the pseudo-spin-up state at the K′-valley, and the frequency
of the pseudo-spin-up state is higher than that of the pseudo-
spin-down state at the K-valley. Meanwhile, in order to in-
vestigate the properties of the TESs, we choose three points
A, B, and C respectively to analyze their Ez intensity distri-
bution. From Fig. 3(e), it can be seen that the electric field
of the photonic states at A point is mainly localized at inter-
face I, and the electric field of the photonic states at B and
C points is mainly localized at interface II. In both cases the
energy is concentrated at the edges of the VPCs of different
topological properties, and it rapidly decays along the interior

of the crystals from the middle to the two sides, so as to real-
ize the localization of the optical field. Then, by analyzing the
Poynting vector distribution of the energy at B and C points
in Fig. 3(f), it is found that the pseudo-spin-down states of
the K′-valley are transmitted only along the Γ –K′ direction,
i.e., to the left; while the pseudo-spin-up states of the K-valley
are transmitted only along the Γ –K direction, i.e., to the right.
The different pseudo-spin states of the two energy valleys are
transmitted along different directions, thus realizing the selec-
tive coupling and transmission of the pseudo-spin and energy
valleys locked, i.e., the K′-valley and K-valley are selective for
left-handed circularly polarized (LCP) light and right-handed
circularly polarized (RCP) light, respectively.

VPC1

VPC2

VPC2

VPC2 VPC2

VPC2 VPC2

VPC1

VPC1 VPC1 VPC1

VPC1 VPC1

Interface I

Interface II

Interface I Interface II(c)(b)

(e)(d) (f)

(a)

A B C

A

B

C

-Max

Max

Ez

230

180

130

-1 0 1
k ↼π/a↽

F
re

q
u
e
n
c
y
 (

T
H

z
)

B

C

A

KK′

Fig. 3. (a) Schematic diagram of the supercell with both interface I and interface II constructed by VPC1 and VPC2. (b) and (c) The arrangement
of the supercells for interface I and interface II. (d) Photonic energy bands structure of the constructed supercell, the blue and red dots indicate
two kinds of TESs. (e) The Ez intensity distribution obtained by taking A, B, and C points in the two TESs, respectively. (f) The Poynting
vector distribution of the energy at A, B, and C points, respectively.

In order to show more intuitively that this structure has ef-
ficient photon transmission characteristics and anti-scattering
robustness, we constructed the straight waveguide, the Z
waveguide, and the Z-defect waveguide formed by introduc-
ing four defects at the same time, and placed four point light
sources at the edge between VPC1 and VPC2, which are uni-
formly distributed on a circle with a radius of 0.03a, and by
controlling the phase difference between them we can form
LCP or RCP light to be used as the excitation source of the

electric field, respectively. Figure 4(a) shows the constructed
straight waveguide structure; figure 4(b) shows the Ez inten-
sity distribution of the straight waveguide when the frequency
of the excitation source is taken to be 156.9 THz (all the fol-
lowing), in which the yellow pentagram denotes the position
of the excitation source (RCP), and it can be seen that light
is transmitted along the edge to the right, which has a sta-
ble anti-scattering property; figures 4(c) and 4(d) show the
Ez intensity distribution corresponding to the positions of the
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excitation sources (LCP and RCP) taken at the center of the
edge, respectively, where LCP light is transmitted along the
left and RCP light is transmitted along the right, thus exhibit-
ing a good unidirectional transmission property. In addition,
when light is transmitted in traditional micro-nano optical de-
vices, it is inevitable to encounter interference effects such as
sharp turns, defects, etc., which will reduce the transmission
efficiency of light in optical devices, and topological optical
devices are more robust to the above problems. For exam-
ple, figure 4(e) shows the constructed Z waveguide structure
with 60◦ sharp bends, and the Ez intensity distribution of the Z
waveguide shown in Fig. 4(f) fully proves the anti-interference
property of the structure in the face of sharp turns. As shown
in Fig. 4(g), we also introduce defects such as cavity, mis-
alignment, disorder, and impurity into the transmission path of
the Z waveguide in turn, and figure 4(h) demonstrates that the

structure is still able to maintain a stable transmission property.
Finally, we place edge-probes at the input and output ports of
each of the three waveguides and calculate the transmission ef-
ficiency of each waveguide by simulating the average surface
density of the time-averaged power outflow of the measured
energy, and the transmission efficiency of the waveguide can
be defined as

T =
Pout

Pin
=

x
Pout ds

x
Pin ds

, (6)

where Pin and Pout are the total power at the input and output
ports, respectively. From Fig. 4(i), it can be seen that the trans-
mission efficiency of all three waveguides can reach more than
99% in the frequency range of 155 THz–173 THz, which has
a strong transmission property.

Straight Straight
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Fig. 4. (a) The straight waveguide structure. (b) The Ez intensity distribution of the straight waveguide when the excitation source (RCP) is placed
on the left side. (c) and (d) The Ez intensity distribution of the straight waveguide when the excitation (LCP and RCP) source is placed in the middle,
respectively. (e) The Z waveguide structure with 60◦ sharp bends. (f) The Ez intensity distribution of the Z waveguide. (g) The upper part shows
the locations where defects such as cavity, misalignment, disorder, and impurity are sequentially introduced into the Z waveguide structure, and the
lower part shows the supercells at the corresponding locations after the introduction of the defects. (h) The Ez intensity distribution of the Z-defect
waveguide. (i) Calculated transmission efficiency curve include the straight waveguide, Z waveguide, and Z-defect waveguide.

3.2. Topological corner states combiner

In recent years, a number of novel optical phenomena and
properties have been discovered with the introduction of the
concept of higher-order topology and the existence of topo-
logical invariant and corresponding symmetries. For example,
HOTI support not only 1D TESs, but also 0D TCSs. By anal-
ogy with related studies of the TESs, we find that different
types of edge splicing have a slight effect on the frequency of

the TCSs.

Firstly, in order to better observe the TCSs, we con-

structed a two-layer equilateral triangular supercell. As shown

in Fig. 5(a), this structure is composed of 45 VPC1 surrounded

by 145 VPC2, with the inner edge length of 10a and the outer

edge length of 20a. The reason for designing it into this shape

is that the formation of the TCSs has a selective law on the

internal angles of the structure, which can be interpreted as a
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result of the valley–valley interactions.[48] And this structure
contains 3 internal 60◦ angles, each of which can form the
TCSs, which is the theoretical basis for the shape design of
all the following structures in this paper. At the same time,
we adopt the types of splicing of all the three internal edges
as the interface I in Fig. 3(b), and apply the perfect electric
conductor (PEC) boundary condition to the outermost part of
the structure, and we will refer to this structure as the T–I-
type structure for short in the following. Figure 5(b) shows
the calculated discrete characteristic frequencies of the T–I-
type structure, where the TESs (blue dots) and the TCSs (red
dots) exist between the photonic band gap of the entire TBSs
(gray dots), and the upper TBSs appear outside the range of
coordinates of the given frequencies and the TCSs exist in iso-
lation, which can be understood in conjunction with Fig. 3(d).
In addition, the three C1-type TCSs are labeled with C11, C12,
and C13, respectively. Figure 5(c) demonstrates the frequen-
cies and Ez intensity distributions of the three C1-type TCSs,
each of which has the electric field that is only highly localized
among the sublattice at the corner and exhibits an exponential
decay along the region away from the corner. Note that the fre-
quencies of the three TCSs are not perfectly simple and there
is a small frequency difference due to the effect of mutual in-
terference of the space electric field of the three TCSs in the
tight-binding model. Nevertheless, the excellent corner local-
ization property, which is significantly different from that of
the TESs, is also well demonstrated.
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Fig. 5. (a) Schematic diagram of the T–I-type structure. (b) Calculated
discrete characteristic frequencies of the T–I-type structure. (c) The fre-
quencies and Ez intensity distributions of the three C1-type TCSs.

Then we consider the types of splicing of the internal

edges of the structure to be all of the interface II in Fig. 3(b),

and the external conditions remain unchanged. Due to the

unique arrangement of the honeycomb lattice, at this point it

is necessary to exchange the positions and numbers of VPC1

and VPC2 in the T–II-type structure to construct the T–II-type

structure as shown in Fig. 6(a). Figure 6(b) shows the calcu-
lated discrete characteristic frequencies of the T–II-type struc-
ture, and the three C2-type TCSs are labeled with C21, C22,
and C23, respectively. Figure 6(c) similarly demonstrates the
frequencies and Ez intensity distribution of the three C2-type
TCSs. It can be seen that the C2-type TCSs still exist in iso-
lation, but there is a significant change in the frequency com-
pared to the C1-type TCSs. In our previous research on the
TCSs, we found that although there are different principles for
the generation of the TCSs, all the TCSs appear in the pho-
tonic band gap of the whole TBSs, so we can generalize that
changing the type of edge splicing of the structure not only
changes the frequency range of the TESs,[49] but also changes
the frequency of the TCSs slightly.
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Fig. 6. (a) Schematic diagram of the T–II-type structure. (b) Calculated
discrete characteristic frequencies of the T–II-type structure. (c) The fre-
quencies and Ez intensity distributions of the three C2-type TCSs.

Next, we introduce another common type of edge splic-
ing (Bridge-type edge) to explore more about the effect of dif-
ferent types of edge splicing on the frequency of the TCSs
as a way to obtain the TCSs with different frequencies that
may exist in the same photonic band gap of the VPCs. Sim-
ilarly, due to the different splicing order, there will exist two
different Bridge-type edges, interface III and interface IV, as
shown in Figs. 7(a) and 7(b). Figures 7(c) and 7(d), on the
other hand, are based on the T–I-type structure and the T–II-
type structure, respectively, and only the types of splicing of
their internal edges are all replaced with the interface III and
interface IV, resulting in the T–III-type structure and the T–
IV-type structure. Figures 7(e) and 7(f) correspond to the cal-
culated discrete characteristic frequencies, respective, and the
three C3-type TCSs are labeled with C31, C32, and C33, and
the three C4-type TCSs are labeled with C41, C42, and C43, re-
spectively. Figures 7(g) and 7(h) show the frequencies and Ez
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intensity distribution of the three C3-type TCSs and three C4-
type TCSs, respectively. From the above results, it can be seen
that by replacing them again with other types of edge splic-
ing, the frequencies of the TCSs will still have their own com-
pletely different variations, which further confirms our idea.
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Fig. 7. (a) and (b) The arrangement of the supercells for interface III and
interface IV. (c) and (d) Schematic diagram of the T–III-type and T–IV-type
structures. (e) and (f) Calculated discrete characteristic frequencies of the
T–III-type and T–IV-type structures. (g) and (h) The frequencies and Ez
intensity distributions of the three C3-type and the three C4-type TCSs.

In addition to investigating the effects of different types
of edge splicing on the TCSs, we also considered whether the
above four types of edge can exist simultaneously in the sys-
tem, which in turn can realize the idea of integrating multiple
TCSs in the fixed configuration and the fixed photonic band
gap. The novel TCSs combiner named funnel-type structure
that we designed to integrate the above four TCSs with differ-
ent frequencies is shown in Fig. 8(a), in which the four edges
are connected into a funnel-type path by forming a 60◦ angle
inside the structure, respectively; figure 8(b) is the calculated

discrete characteristic frequencies of the funnel-type structure;
figure 8(c) shows the single C1-type, C2-type, C3-type, and C4-
type TCSs, which can be selectively and singly excited in the
corresponding internal corner region of the funnel-type path;
figure 8(d) shows the Ez intensity and frequency dependence
curve measured by placing a corner-probe at each internal cor-
ner, which shows that each TCSs has the unique high-intensity
electric field at the corresponding frequency, and the other
parts of the structure are affected by the TESs or TBSs to pro-
duce the low-intensity electric field, and the contrast between
the two demonstrates the excellent and selectable corner local-
ization property.
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Fig. 8. (a) Schematic diagram of the TCSs combiner named funnel-type
structure. (b) Calculated discrete characteristic frequencies of the funnel-
type structure. (c) the frequencies and Ez intensity distributions of the single
C1-type, C2-type, C3-type, and C4-type TCSs. (d) Calculated Ez intensity
and frequency dependence curve.

4. Conclusion

In summary, we theoretically realized the TSs of VPCs
composed of circular ring dielectric columns in the order
of honeycomb lattice arrangement. Specifically, we demon-
strated that the TESs of this structure have efficient pho-
ton transmission characteristics and anti-scattering robustness,
found that different types of edge splicing produce subtle
changes in the frequency of the TCSs, and then based on this
phenomenon designed a novel TCSs combiner that can in-
tegrate multiple TCSs in a fixed photonic band gap and the
fixed configuration by using a new method of adjusting the
type of edge splicing only. Our research content makes the
manipulation of TCSs more diversified, and at the same time
may provide new possibilities for the design and application
of novel topological optical devices in the current domain of
micro-nano integrated photonics.
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