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The recent realization of all-dielectric valley photonic crystals (VPCs) in nanoscale not only provides
a standard platform to explore many topological phases of light with protected edge modes, but also
shows promising applications for designing high-performance nanophotonic devices. However, the widely
reported all-dielectric VPCs are limited to one single polarization, and it is challenging to manipulate the
polarization degree of freedom of light and design polarizing devices using VPCs. Here, we design a dual-
polarization all-dielectric VPC and propose a topological polarization beam splitter. The phase vortex
distributions of bulk modes at different valleys characterize the nonzero valley Chern numbers for both
TE and TM polarizations, indicating the implementation of topologically nontrivial dual-polarization band
gaps. This leads to dual-polarization valley-dependent edge modes located at interfaces with different
shapes. The topological valley transport around sharp-bends is also demonstrated for both TE and TM
polarizations. Finally, a harpoon-shaped polarization beam splitter is proposed, and the simulated results
confirm the good functionality of polarization separation. Our work shows the flexible control of light
in topological photonic systems with the polarization degree of freedom, and has promising applications
in polarization multiplexing photonic devices owing to the enlarged the optical information-processing
capacity.
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I. INTRODUCTION

The introduction of topology in photonic systems has
attracted much attention for the exploration of topological
phases of light [1–3]. Recently, based on the robustness
of topological states, topological photonics has provided
a new paradigm for promising applications in nanopho-
tonic devices. To be compatible with nanofabrication tech-
niques, it is common to apply all-dielectric designs for
topological photonic structures, such as dielectric photonic
crystals (PCs), coupled resonator optical waveguides, and
waveguide arrays [4–19]. With the features of modes oper-
ating below the light cone, near quarter-wavelength peri-
odicity, and CMOS-compatible design, the all-dielectric
valley photonic crystal (VPC) is one of the representa-
tive structures that can demonstrate topological physics
and realize high-performance nanophotonic devices [5,6,
8,9,20,21]. In principle, to obtain a VPC whose band gap
is characterized by the nonzero valley Chern number, one
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can break the spatial inversion or mirror symmetry of trian-
gular or honeycomb PCs. Under the suppression of inter-
valley scattering between the edge modes of VPCs, topo-
logical valley transport has been extensively demonstrated
with the realization of photonic waveguides, splitters, and
ring resonators [22–25]. Note that all-dielectric VPCs are
usually realized in ideal or effective two-dimensional (2D)
electromagnetic systems where light propagates within the
x-y plane. Eigenmodes of 2D photonic systems can be
classified into two decoupled modes (or polarizations),
i.e., the transverse-electric (TE) modes with in-plane elec-
tric fields, and the transverse-magnetic (TM) modes with
out-of-plane electric fields [26]. Recently, two different
schemes for dual-polarization VPCs have been proposed
by using a perfect electric conductor or germanium, but
they bring absorption loss at telecommunication wave-
lengths [27,28]. For the more general case, the widely
reported all-dielectric VPCs based on silicon are limited
to one single (TE or TM) polarization.

Polarization is one of the degrees of freedom (DOF)
for molding the flow of light and designing nanopho-
tonic devices. For example, by separately processing the
TE- and TM-polarized waves, a polarization beam split-
ter (PBS) can be designed (generally in a 1 × 2 or 2 × 2
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multiport structure) and this is an important nanophotonic
device [29–32]. One can multiplex the polarization DOF to
enlarge optical information-processing capacity. It would
be interesting if the topological properties of VPCs could
be used to design a PBS, which would be promising for
the realization of nanophotonic devices with topological
robustness and compact size. However, there is a lack of a
practical design for a general multiport PBS using VPCs.
In this work, we present the dual-polarization all-dielectric
VPCs whose unit cell consists of an equilateral triangu-
lar air hole in the dielectric background. Two band gaps
with different polarizations are obtained and characterized
by the same valley Chern numbers, because the direc-
tion of the phase vortex of TE bulk modes at the K or
K ′ valley is the same as that of TM bulk modes. Valley-
dependent edge modes located at interfaces with different
shapes, as well as topological valley transport around sharp
bends, are numerically demonstrated for both TE and TM
polarizations. In addition, we propose a harpoon-shaped
PBS based on the dual-polarization feature of the designed
VPCs. The simulated transmittances of this PBS confirm
the good functionality of TE- and TM-polarized waves
splitting within the whole dual-polarization band gap.

II. DUAL-POLARIZATION ALL-DIELECTRIC
VALLEY PHOTONIC CRYSTAL

In an all-dielectric PC, the electromagnetic-duality sym-
metry is broken, i.e., the ratio of the permittivity to the
permeability is not constant over the whole real space.
With the broken electromagnetic-duality symmetry, the
band structures of the TE and TM polarizations are dif-
ferent as the PC responds differently to the in-plane and
out-of-plane electric fields [26]. For example, when con-
sidering a honeycomb lattice of a hole-type PC (i.e., air
holes located at the corners of the hexagonal unit cell in
the dielectric background), the first and second TE bands
will be degenerate at the K point and form a gapless Dirac
cone, while the TM Dirac cone is formed by the second and
third TM bands [8,9,33]. The difference of Dirac frequen-
cies limits the realization of the complete band gap for both
polarizations. On the other hand, one can find a TM Dirac
cone between the first and second bands in a honeycomb
lattice of a rod-type PC (i.e., dielectric rods at the corners
of the hexagonal unit cell) [6,34], but the configuration of
the unit cell is quite different to that of the previously men-
tioned honeycomb lattice of the hole-type PC. In this work,
one of the targets is to use the same design of the geometry
profile of the PC to achieve dual-polarization Dirac cones
in the same frequency range.

For the TE polarization, we start with a hole-type honey-
comb PC [Fig. 1(a)]. The unit cell (pink hexagon) consists
of two triangular air holes (shaded in white) embed-
ded in the dielectric background (shaded in black). The
lattice constant is a = 440 nm, and the side lengths of

air holes are s1−hc and s2−hc. The dielectric background
has a relative permittivity tensor εr = diag(n2

TE, n2
TE, n2

TM).
Here, nTE= 2.92 and nTM= 2.51 are the effective refrac-
tive indices, which are based on the refractive indices of
the TE0 and TM0 mode of a 320-nm-thick silicon slab
around the wavelength of 1550 nm, respectively [35]. In
the calculation of photonic band structures, we perform
the plane-wave expansion method by using the eigen-
mode solver of the MIT Photonic Bands package [36].
The left panel of Fig. 1(a) shows the first and second TE
bulk band structures (i.e., TE1 and TE2) of the PC with
s1−hc= s2−hc= 263 nm (i.e., air-hole filling factor of 0.36),
and the frequency degeneracy is achieved at the K point.
The existence of the gapless Dirac cone around the zone
corner is protected under the C3v point group symmetry
at the K point. To obtain the photonic band gap, one can
split the degenerate point of the Dirac cone by breaking
the inversion symmetry of PCs, which is easy to real-
ize in the honeycomb PC with two inequivalent air holes
(s1−hc �= s2−hc). This is confirmed by considering a honey-
comb PC with s1−hc= 191 nm and s2−hc= 320 nm [right
panel of Fig. 1(b)]. Note that we keep the same air-hole
filling factor [i.e., a constant (s2

1 - hc + s2
2 - hc)/2a2], which

ensures the band structures of the PCs do not change much
in frequency. As shown in Fig. 1(b), a photonic band gap
occurs between the first and second TE bulk bands (shaded
in yellow). By keeping the same air-hole filling factor and
further increasing the amplitude of broken inversion sym-
metry, we have a honeycomb PC with s1−hc= 0 nm and
s2−hc= 373 nm [right panel of Fig. 1(c)]. A larger band
gap is found between 0.263c/a and 0.318c/a, where c is the
speed of light in vacuum [shaded in yellow in Fig. 1(c)].

With regard to the TM polarization, we start with a
hole-type triangular PC [cyan hexagon in Fig. 1(d)], and
the unit cell consists of a central hexagonal air hole that
is characterized by two side lengths, i.e., s1−tr and s2−tr.
Note that this unit cell can also be effectively viewed as
the unit cell of a rod-type honeycomb PC, whose unit
cell consists of two hexagonal-profile dielectric rods at
the corners. For this kind of PC, the frequency degen-
eracy of the TM Dirac cone can be achieved at the PC
with s1−tr= s2−tr= 153 nm [air-hole filling factor of 0.36,
which is the same as that of the PC in Fig. 1(a)], as
shown in Fig. 1(d). With the broken inversion symme-
try (s1−tr= 86 nm and s2−tr= 230 nm), a tiny band gap is
obtained between the first and second TM bands [shaded
in yellow in Fig. 1(e)]. To further increase the size of the
band gap, we also keep the same air-hole filling factor
and consider a triangular-lattice PC with s1−tr= 0 nm and
s2−tr= 373 nm [left panel of Fig. 1(f)]. Shaded in yellow,
there is a band gap ranging from 0.281c/a to 0.292c/a for
TM polarization, which is covered by the frequency range
of the TE band gap in Fig. 1(c). Interestingly, unit cells in
Figs. 1(c) and 1(f) can be obtained by two different choices
of the unit cell in the same bulk crystal (labeled as VPC1),
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FIG. 1. Dual-polarization all-dielectric valley photonic crystals (VPCs). The designed PC consists of periodic air holes (white)
in the dielectric background (black). (a)–(c) The evolution of two lowest TE band dispersions and the corresponding unit cells of
honeycomb-lattice PC (pink hexagon). The unit cell of honeycomb-lattice PC consists of two triangular air holes at the corner, i.e., one
with the side length of s1−hc and the other with s2−hc. (d)–(f) The evolution of two lowest TM band dispersions and the corresponding
unit cells of triangle-lattice PC (cyan hexagon). The unit cell of triangle-lattice PC consists of a hexagonal air hole whose side lengths
are labeled s1−tr and s2−tr. Note that TE and TM Dirac cones are achieved at the PCs with s1−hc= s2−hc and s1−tr= s2−tr. With the
inversion symmetry breaking (s1−hc �= s2−hc or s1−tr �= s2−tr), TE or TM band gap occurs (shaded in yellow). (g) Schematic of the
dual-polarization VPC with the lattice constant a = 440 nm and the side length of air hole s0 = 373 nm. In this work, the dielectric
background has a permittivity tensor εr = dissag(n2

TE, n2
TE, n2

TM). Here, nTE= 2.92 and nTM= 2.51 are the effective refractive indices
of the dielectric background, based on the refractive indices of TE0 and TM0 mode indices of 320-nm-thick silicon slab around the
wavelength of 1550 nm, respectively. A scale bar of 500 nm is included.
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as shown in the top panel of Fig. 1(g). This means that the
VPC1 has a common band gap for both TE and TM polar-
izations. In addition, the inversion-symmetric partner of
VPC1 is also easy to realize by rotating it through an angle
of 180°, which is shown in the bottom panel of Fig. 1(g)
and labeled as VPC2.

III. VALLEY-CONTRASTING PHYSICS AND
DUAL-POLARIZATION VALLEY-DEPENDENT

EDGE STATES

Although the bulk band structures of VPC2 are iden-
tical to those of VPC1, their topological properties
are distinct and characterized by different valley Chern
numbers. Based on topological physics [5,6,37], the
valley-dependent topological index is defined as CK/K ′ =
τzsgn(�)/2. Here, τz is the z component of Pauli matrix
with τz = +1 for the K valley and τz = −1 for the K ′ val-
ley, and 2� denotes the frequency difference between the
frequencies of two valley bulk modes. The valley Chern
number is given by CV = CK − CK ′ = sgn(�). On the
other hand, as a pair of pseudospins, modes at the two
inequivalent K and K ′ valleys carry valley-dependent mag-
netic momentum m(K , K ′) = τzμ

∗
B, where μ∗

B is the effec-
tive Bohr magneton at the bottom band and sgn(μ∗

B) =
sgn(�) [37]. In a PC, the effective “magnetic” momen-
tum is related to the phase vortex of the electromagnetic
fields, where τz sgn(μ∗

B) = +1 or − 1 represents that the
phase vortex increases clockwise (CW) or counterclock-
wise (CCW) by 2π . Therefore, it is easy to determine
the valley Chern number by exploring the phase vor-
tex of bulk modes at different valleys. Figure 2(a) shows
the Hz phase distributions for TE1 bulk modes at the
two valleys. For VPC1, the CW (CCW) phase vortex at
the K′ (K) valley indicates the topological valley index
CK ′ = +1/2 (CK = −1/2) and thus we have the valley
Chern number CV = CK − CK ′ = −1. This also leads to
the valley-chirality locking feature that the bulk mode at
the K or K ′ valley can be selectively excited by using a
chiral source with the same phase vortex. In contrast, the
chirality of phase vortex, valley indices, and valley Chern
number of VPC2 are opposite to those of VPC1. Similarly,
the topological properties of the first TM bulk band can
be retrieved from the Ez phase distributions, as shown in
Fig. 2(b).

The topology of the TE or TM band gap Cgap
V depends

on the summation of valley Chern numbers of the TE or
TM bands Cn

V below the band gap, i.e., Cgap
V = ∑

n Cn
V,

where n is the TE or TM band index. In regard to our
designed PC, the topology of TE or TM gap [shaded in
yellow of Figs. 1(c) or 1(f)] only depends on the valley
Chern number of the first TE or TM bulk band. Based on
the analysis of valley-contrasting physics in the previous
paragraph, the TE (TM) gap of VPC1 is characterized by
the valley Chern number CTEgap

V = −1 (CTMgap
V = −1) and
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FIG. 2. Valley-contrasting physics and dual-polarization
valley-dependent edge states. Phase distributions of (a) Hz
and (b) Ez fields for TE and TM bulk modes at the K or K ′
valley, indicating the valley-chirality locking property. (c),(d)
Schematics of edges with valley-dependent edge modes for
TE and TM polarizations. Owing to the difference between the
unit cells of the PC for the TE and TM polarizations, these
two edges are of different shapes. For the TE polarization,
by putting VPC2 (upper) above VPC1 (lower), the edge has
the mirror-flip symmetry (abbreviated to “mirror edge”). For
the TM polarization, by putting VPC1 (upper) above VPC2
(lower), the edge has glide-plane symmetry (abbreviated to
“glide edge”). (e),(f) Band dispersions of edge modes for (e)
TE polarization at mirror edge and (f) TM polarization at glide
edge as a function of the wave vector along the x direction,
i.e., kx. Valley-dependent edge modes are found at both edges.
The group velocities have opposite directions because they are
determined by the difference of valley Chern number across the
domain wall.

that of VPC2 by CTEgap
V = +1 (CTMgap

V = +1). As the band
gaps of VPC1 and VPC2 are topologically distinct, edge
modes should be found at the interface of the domain wall
between them. Note that these interfaces should be differ-
ent shapes because of the different configurations of PC
unit cells between TE and TM polarizations. For the TE
polarization, by putting VPC2 (top, with dashed hexagon)
above VPC1 (bottom, with solid hexagon), the edge has
mirror-flip symmetry [Fig. 2(c), abbreviated to “mirror
edge”]. For the TM polarization, by putting VPC1 (top,
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with solid hexagon) above VPC2 (bottom, with dashed
hexagon), the edge has glide-plane symmetry [Fig. 2(d),
abbreviated to “glide edge”]. Figures 2(e) and 2(f) show
the dispersions of the corresponding edge modes (marked
by red and blue lines). The pink and cyan regions are the
projection bands of the TE and TM bulk modes, respec-
tively. Note that the group velocity direction of the TE
(TM) edge modes at the K ′ valley is positive (negative),
and vice versa for the K valley. This is in agreement with
the bulk-edge correspondence, for example, that the dif-
ference of the valley-dependent topological index at the
K ′ valley crossing the domain wall (i.e., Cbottom

K ′ − Ctop
K ′ )

is +1 (−1) for the TE (TM) polarization. On the other
hand, since the TE band gap has a different size to the TM
case, the TM (TE) edge mode may be leaked in the bulk
of the TE (TM) mode, which results in the decreasing of
the optical bandwidth of VPC devices. We also notice that
the designed VPC has a common band gap from 1507 to
1566 nm for both TE and TM polarizations. This common
band gap region purely supports TE and TM edge modes
and thus enables us to design polarizing devices.

IV. TOPOLOGICAL VALLEY TRANSPORT OF
EDGE MODES

Under the intervalley suppression of valley-dependent
edge modes, robust transport of TE and TM edge modes
can be achieved. To demonstrate the robustness of valley-
dependent edge modes (i.e., topological valley transport),
we design two different waveguides with the flat inter-
face (top) and with the Z-bend interface (bottom), as
schematically shown in Figs. 3(a) and 3(d). For the TE
(TM) polarization, the interfaces are constructed by the
mirror (glide) edge. In other words, the interface that
supports TE-polarized topological valley transport is dif-
ferent to that of TM polarization. The composition of
VPC1 and VPC2 has a size of 36a × 24

√
3a (correspond-

ing to 15.84 μm × 18.29 μm in practice). The bent length
between two corners is 12a. Two

√
3a-width strip waveg-

uides are connected with the input and output facets of the
VPC interface (shaded in black). To improve the coupling
efficiency, the line-defect PC waveguides are introduced
at the interfaces between the strip waveguides and the
interface of the domain wall [more details are shown
in the insets b3 and b4 of Fig. 4(b)]. To explore the
transmitted properties, we use the finite-difference time-
domain method to obtain the full-wave simulation results
by using MIT Electromagnetic Equation Propagation [38].
Perfectly matched layers with 2a thickness are imposed at
the boundaries of simulated regions to absorb the outcom-
ing waves. For the TE or TM polarization, a line source
with an Ey- or Ez-polarized component is placed at the
left-hand waveguide, and a line detector is placed at the
right-hand waveguide to measure the output energy fluxes.
The width of the line source and line detector are the same
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FIG. 3. Topological valley transport of TE and TM edge
modes. (a),(d) Schematics of two waveguides with flat interface
(top), and with Z-bend interface (bottom) based on (a) mirror
edge and (d) glide edge. TE- or TM- polarized light is incident
from the left and the transmission is measured at the right-
hand output. (b),(e) The transmission spectra for two waveguides
when (b) TE-polarized or (e) TM-polarized incident light is con-
sidered. Robust transport of edge modes can be achieved for both
polarizations inside the band gap, proving the polarization inde-
pendent topological valley transport. (c),(f) Electric-field energy
density of transmitted electromagnetic waves at the wavelength
of 1550 nm for (c) TE and (f) TM polarization.

as the width of the strip waveguides. The line source is
a broadband Gaussian pulse with the central frequency
fc = 0.29c/a and the bandwidth df = 0.1c/a. The transmit-
tance results are detected a certain time after the source is
turned off.

Based on this simulated setup, the transmission spectra
for two waveguides with a flat interface (dashed line) and
with a Z-bend interface (solid line) are given in Figs. 3(b)
and 3(e). The spectra are normalized by the transmittance
of a

√
3a-width strip waveguide. We can see the same

transmittance for the Z-shaped bend as the flat channel
within the band gap, proving the broadband robustness of
dual-polarization topological valley transport. This means
the excited TE and TM edge modes inside the band gap
are backscattering suppressed even when they meet sharp
corners. For the transmission spectrum of the TE edge
modes shown in Fig. 3(b), some of backscattered waves
are induced when the excited TE edge modes encounter
the right-hand output port. The interference between the
forward and backward waves causes the peaks and dips
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FIG. 4. Topological polarization beam splitter (PBS) based on dual-polarization VPCs. (a) Schematics and (b) details of topological
PBS with the harpoon-shaped domain wall. The upward channel (output to port 2) is constructed by the mirror edge that supports TE
edge modes, while the downward channel (output to port 3) is the glide edge that supports TM edge modes. Owing to the different
configurations of PC unit cells of TE and TM polarizations, the interface between port 1 and the junction generates a line-defect region.
To match with mirror and glide edge modes, we insert a 1D array of VPC1 inside the line-defect region (shaded in purple). (c),(d) The
transmission spectra of TE and TM waves through the PBS. (c) TE-polarized or (d) TM-polarized light is incident from port 1 and
the transmittances are measured at both port 2 (S21, solid lines) and port 3 (S31, dashed lines). (e)–(g) Distributions of electric-field
energy density excited by 45° linear-polarized light at the wavelength of 1550 nm. (e) The 3D components of electric-field energy
density confirm that both TE and TM edge modes are excited. Separately, (f) the TE-polarized waves (corresponding to the in-plane
component of electric-field energy density) output to port 2, while (g) the TM-polarized waves (corresponding to that of out-of-plane
component) output to port 3.

044080-6



TOPOLOGICAL POLARIZATION BEAM SPLITTER . . . PHYS. REV. APPLIED 18, 044080 (2022)

in the corresponding frequency region. This is due to the
large band gap of TE modes that deviates from the effective
Dirac Hamiltonian, and this is also confirmed in Fig. 2(e)
in which the edge dispersion of TE modes cannot span the
whole band gap. In contrast, the TM bulk band gap is much
smaller [Fig. 1(f)] and thus the edge dispersion spans the
whole band gap [Fig. 2(f)].

In particular, we also show the field patterns of the
electric-field energy density of transmitted electromagnetic
waves at the wavelength of 1550 nm in Figs. 3(c) and
3(f). The transmitted waves in the Z-bend interface are
smoothly deflected by the 120° bends (60° sharp corners).
The mode patterns are very similar to the results from
the flat interface, proving the absence of reflection caused
by the sharp corners. Note that the TE edge mode has a
stronger field confinement than the TM edge mode, due to
the larger band gap of TE polarization.

V. A TOPOLOGICAL POLARIZATION BEAM
SPLITTER BASED ON VALLEY PHOTONIC

CRYSTALS

In the previous discussion, the edge modes and their
robust transport are demonstrated independently for the
TE and TM polarizations. In this section, we propose a
PBS based on dual-polarization VPCs, by merging TE
and TM edge modes in a single device. Figure 4(a) gives
the schematic of topological PBS with a harpoon-shaped
domain wall. More details of the structural design can
be seen in Fig. 4(b). The footprint of the designed PBS
is 36a × 24

√
3a (corresponding to 15.84 μm × 18.29 μm

in practice). The upward channel (output to port 2) is
constructed by the mirror edge that supports robust edge
modes only for the TE polarization, while the downward
channel (output to port 3) is the glide edge that supports
robust edge modes only for the TM polarization. At all
three ports, the line-defect PC waveguides are introduced
to improve the coupling efficiency, as shown in the insets
b1, b3, and b4 of Fig. 4(b). Owing to the different con-
figurations of the unit cells of TE and TM polarizations,
the interface between port 1 and the junction generates
a line-defect region [shaded in purple of Fig. 4(a)]. To
match with mirror and glide edge modes, the unit cell of
VPC1 is arranged periodically along the x axis (i.e., 1D
array of the unit cell of VPC1) in the line-defect region,
highlighted as purple boxes in the insets b1 and b2 of
Fig. 4(b). In the simulation, the setup of the input source
and output detector are the same as in Fig. 3. A line source
with an Ey (or Ez) component is incident from port 1 and
then excites TE- (or TM-) polarized propagating waves.
At the right-hand ends, the transmittances are measured
at port 2 (S21, solid lines) and port 3 (S31, dashed lines).
For the TE-polarized transmittance in Fig. 4(c), S21 (blue
solid line) has a high-transmission plateau (>−10 dB)
from 1507 to 1646 nm, while S31 (blue dashed line) is

less than −35 dB in this wavelength interval. In regard
to the TM-polarized transmittance in Fig. 4(d), S31 (red
dashed line) is obviously larger than S21 (red solid line)
within the TM gap (from 1507 to 1566 nm). In other words,
the transmission between S21 and S31 is distinct for both
polarizations, indicating the separation functionality of TE
and TM polarizations. The polarization extinction ratio
(PER) between port 2 and port 3 is determined by the ratio
between S21 and S31, i.e., PER = 10 log10(S21/S31).
Within the whole dual-polarization band gap (from 1507
to 1566 nm), the simulated PER of such a device is greater
than 10 dB.

To further intuitively observe the polarization beam-
splitting effect, we also show the distributions of electric-
field energy density in Figs. 4(e)–4(g) for different
electric-field components when the PBS is excited by 45°
linear-polarized light at the wavelength of 1550 nm. As the
incident source can be orthogonally divided into Ey- and
Ez-polarized components, both TE and TM edge modes
are excited simultaneously. This is confirmed by the distri-
bution of electric-field energy density shown in Fig. 4(e).
Although high electric-field energy density can be found
at both the upper and lower channels, they correspond to
electromagnetic waves with different polarizations. Sep-
arately, the TE-polarized waves [corresponding to the
in-plane component of electric-field energy density in
Fig. 4(f)] propagates along the upward channel and outputs
to port 2, while the TM-polarized waves [corresponding to
the out-of-plane component of electric-field energy den-
sity in Fig. 4(g)] propagates along the downward channel
and outputs to port 3. In Fig. 4(g), there is some scatter-
ing happening on the top side of the PBS, induced by the
coupling of TM-polarized waves along the mirror edge
[see region b3 of Fig. 4(b)]. Based on the analysis of
edge states (see Fig. 2), the mirror edge (corresponding
to the top side of the PBS waveguide in Fig. 4) supports
TE-polarized topological edge states. However, the mir-
ror edge also supports TM-polarized edge states inside the
bandgap. When TM waves propagate to the junction of the
PBS [the inset b2 in Fig. 4(b)], a part of them is coupled
to the top side of the waveguide. Note that the TM waves
propagating along the top side are not under the topological
protection, so these coupling waves encounter scattering
at the sharp-bending corner of the top side, as shown in
Fig. 4(g).

In a word, the proposal of a harpoon-shaped topolog-
ical PBS provides an alternative method for the design
of on-chip polarizing devices, significantly different from
conventional methods such as modal evolution [39,40].
The sharp-bending interfaces facilitate the reduction of
PBS device size. The two output channels based on two
different kinds of valley-dependent interfaces separate TE-
and TM-polarized waves naturally, so the tolerance of
fabrication bias of PBS can be released while maintaining
good functionality of polarization separation.
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VI. CONCLUSIONS

In summary, we realize dual-polarization all-dielectric
VPCs. For both TE and TM polarizations, valley-
dependent edge modes are achieved. We perform
numerical simulations to demonstrate dual-polarization
topological valley transport along sharp-bend interfaces.
In addition, a harpoon-shaped PBS based on the dual-
polarization feature of VPCs is proposed and the sim-
ulated transmittances of this PBS confirm the good
separation functionality of TE- and TM-polarized waves
within the whole dual-polarization band gap. In this way,
one can load two different optical signals into TE- and TM-
polarized waves separately, so that the optical information-
processing capacity of dual-polarization VPCs can be
double that of single polarization. The introduction of
polarization DOF into valley photonic systems gives more
opportunity for the flexible control of light. Furthermore,
it has potential applications in the design of topologically
protected polarization multiplexing nanophotonic devices
for modern information-processing systems, in particular
for silicon photonics and integrated quantum optics.
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