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Inner edge state with spin and valley degrees of freedom is a promising candidate for designing a dissipationless
device due to the topological protection. The central challenge for the application of the inner edge state is to generate
and modulate the polarized currents. In this work, we discover a new mechanism to generate fully valley- and spin–
valley-polarized current caused by the Bloch wavevector mismatch (BWM). Based on this mechanism, we design some
serial-typed inner-edge filters. By using once of the BWM, the coincident states could be divided into transmitted and
reflected modes, which can serve as a valley or spin–valley filter. In particular, while with twice of the BWM, the incident
current is absolutely reflected to support an off state with a specified valley and spin, which is different from the gap effect.
These findings give rise to a new platform for designing valleytronics and spin-valleytronics.

Keywords: topological insulator, inner-edge state, valley polarization, spin polarization, quantum transport
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1. Introduction
As an essential two-dimensional material, graphene is

vital in designing novel devices due to the controllable lin-
ear Dirac dispersion.[1,2] However, graphene’s planar structure
and weak spin–orbit interaction limit its application. Differ-
ent from graphene, silicene-like materials, such as silicene,
germanene, stanene, and other silicene-derived materials[3–5]

with a buckled honeycombed structure and a stronger spin–
orbit interaction, are important platforms to investigate the
fundamental quantum transport physics and have a wide range
of applications in designing low dissipation devices. It is
found that silicene-like materials have two inequivalent val-
leys (called K and K′) in the first Brillouin zone. Similar to
the spin degree of freedom in spintronic devices, these in-
equivalent valleys or valley degrees of freedom can be used
as information carriers to give rise to valleytronics.[6–8] Many
unique transport phenomena can be realized by controlling
these two degrees of freedom, such as the valley filters, fully
spin-polarized currents and spin–valley filters.[9–13]

Silicene-like materials can exhibit abundant topological
phases including quantum anomalous Hall (QAH), quantum
spin Hall effect (QSH), quantum valley Hall (OVH), quan-
tum spin–valley Hall (QSVH), and spin QAH under some ex-
ternal fields,[14–16] such as electric field, side potential, off-
resonant circularly polarized light and antiferromagnetic field
applied on the whole system. According to the bulk–edge
correspondence, these topological phases correspond to their

outer edge states. In addition, researchers have also found a
large amount of inner-edge states mainly distributed at the in-
terface separating different topological phases.[17–20] By ap-
plying a spatially varying external field in zigzag graphene-
like materials, the valley-polarized and spin–valley-polarized
currents can be obtained due to the valley–momentum and
spin–valley–momentum locked conducting channels, which
can be regarded as the valley and spin–valley filters.[9–13] In
addition, the double-output and single-output spin–valley fil-
ters can be generated by manipulating the spin–valley polar-
ized current in a three-terminal device.[19] The conductance of
the inner-edge states is also robust to various types of long-
and short-range perturbations.[15,21] It should be noted that
kink states, also known as valley inner-edge states, occur in
graphene systems[22–25] or photonic crystals.[26,27]

Though the inner-edge states have been extensively inves-
tigated, some critical points are still worth exploring in depth.
For example, most inner-edge states focus on the combina-
tion of different QVH states,[10,25] QSH and QVH states,[15]

or QAH and QVH states.[28] However, other combinations of
topological phases are still needed to be investigated. More-
over, most researchers only work with pure one-junction struc-
tures; the serial multi-segment structures can generate much
ampler physical phenomena with new valley and spin filtering
effects.

In this work, we report the transport properties of the
inner-edge states in QAH, QVH and SQVH phases based on

†Corresponding author. E-mail: physicslxl@163.com
‡Corresponding author. E-mail: yangjiaen309@163.com
© 2024 Chinese Physical Society and IOP Publishing Ltd http://iopscience.iop.org/cpb　　　http://cpb.iphy.ac.cn

018502-1

https://doi.org/10.1088/1674-1056/ad0714
mailto:physicslxl@163.com
mailto:yangjiaen309@163.com
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn


Chin. Phys. B 33, 018502 (2024)

the hybrid silicene-like nanoribbons, which are valley or spin–
valley polarized. A novel filtering mechanism called the Bloch
wavevector mismatch, which has not been reported before, has
been found. The two-segment and three-segment serial inner-
edge filters have been designed using this mechanism. These
filters are capable of producing valley-polarized or valley–
spin-polarized inner-edge currents. Our analysis shows that
these new inner-edge filters could potentially serve as promis-
ing components for future valleytronic devices.

2. Model and theories
2.1. The model of hybrid silicene-like nanoribbons

In this work, we construct some hybrid silicene-like
nanoribbons for the valley or spin filter. This hybrid nanorib-
bon consists of two adjacent nanoribbons with different topo-
logical phases (Fig. 1(a)). The inner-edge state may exist near
the interface of these two adjacent nanoribbons. We also se-
rially combine two or three segments of these hybrid nanorib-
bons to form some filters with different valley or valley–spin
polarization functions (Figs. 1(b) and 1(c)).

These hybrid silicene-like nanoribbons are described as
the tight-binding model with the nearest neighbor approxima-
tion. The Hamiltonian of the system is[20]

H = t ∑
〈i, j〉

∑
α

c†
iα c jα + itSO ∑

〈〈i, j〉〉
∑
α

vi jsα c†
iα c jα

+i ∑
〈〈i, j〉〉

∑
α

tΩ ,ivi jc
†
iα c jα +∑

i
∑
α

Viuic
†
iα ciα

+∑
i

∑
α

Miuisα c†
iα ciα . (1)

The first term is the hopping term between the site i and j with
the spin α (α =↑ or ↓), and t is the hopping energy, which is
different for silicene (1.6 eV), germanene (1.3 eV) and stanene
(1.3 eV).[4] 〈 , 〉 means the nearest neighbor sites of the sum-
mation. The second term is the intrinsic spin–orbital inter-
action with the coupling energy tSO, which is usually much
smaller than t. 〈〈 , 〉〉 means the summation is implemented

between the next nearest neighbor sites. vi j = ±1 when the
hopping path from site i to j is clockwise (anti-clockwise) with
respect to the positive z axis. sα is the spin factor, sα =±1 for
α =↑ or ↓. The third term is for the Haldane light field with the
site-dependent intensity tΩ ,i. This intensity may be positive
or negative, depending on the light radiated on the nanorib-
bon is left or right circularly-polarized. The fourth term is for
the staggered electric potential with the site-dependent electric
potential Vi, and ui = ±1 for site i in A or B sublattice. This
staggered electric potential can be fulfilled by the vertical elec-
tric field exerted on the nanoribbon plane due to the buckled
structure of silicene-like materials. The last term is the antifer-
romagnetic (AF) exchange interaction with the site-dependent
intensity Mi. This is implemented by absorbing the magnetic
atoms, or sandwiching the non-magnetic perovskite structure
by two perovskite layers.[29,30]

Here we give more descriptions for this AF term. With
the proximity coupling of ferromagnetic materials, the ferro-
magnetic (FM) exchange field also exists in SiNR. This can be
employed by depositing silicene to a ferromagnetic insulating
substrate. FM exchange field provides the Zeeman effect to
different spin components, and can generate the spin-polarized
current.[31–33] But due to the buckled structure of SiNR, the
A/B sublattices feel different FM fields. The anti-symmetric
part of these different FM fields ((MFM,A −MFM,B)/2) can
give rise to the AF exchange field, which contributes to the
SQVH topological state in this study. The detailed generation
and effects of FM and AF exchange fields will be investigated
in the further study.

In our hybrid nanoribbons, we modulate the signs of the
site-dependent intensities tΩ ,i, Vi and Mi when site i is in region
I or region II (see Fig. 1). This can result in some inner-edge
states. Each region in the part of the filter has uniform external
fields. From the Dirac equation of 2D materials and the corre-
sponding topological insulator theory, we know that different
combinations of external field parameters can lead to differ-
ent topological phases and different types of inner-edge states.
This can be shown in the following section.

(a) (b) (c)
Ny













y

x

Fig. 1. (a) The hybrid silicene-like nanoribbon. The upper and lower parts are labeled region I and region II. The rectangle denotes the periodic
unit cell with Ny four-atom sub-units. (b) The two-part valley–spin filter based on the hybrid silicene-like nanoribbons. (c) The three-part
valley–spin filter based on the hybrid silicene-like nanoribbons.
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2.2. Dirac equation and the Jackiw–Rebbi interface mode

In the Hamiltonian above, with the new parameters tSO =

λSO/3
√

3 and tΩ = λΩ/3
√

3, and using the Fourier transfor-
mation to transform the real space quantity into the reciprocal
space (here we consider the uniform external fields), we may
obtain the Dirac equation in the k-space near the two Dirac
points (K and K′ points)

HD = }vF(kx𝜎x +ηky𝜎y)+(ηsλSO +ηλΩ + sM+V )𝜎z, (2)

where (kx, ky) is the wave vector derivation from the Dirac
point K or K′, η = ±1 is for the K or K′ valley, and vF is
the Fermi velocity of electron. s =±1 stands for the two spin
(up and down) cases, 𝜎x, 𝜎y and 𝜎z are the Pauli matrices in
three directions. M and V are the energy of the AF exchange
field and staggered electric potential. We also call the last term
above as the mass term[14] and

mηs = ηsλSO +ηλΩ + sM+V. (3)

It is known that for this Dirac periodic system, the non-zero
mass term leads to the nonzero Berry curvature, and the in-
tegral of this Berry curvature in the first Brillouin zone is the
Chern number of this system, which reads

Cηs =
1
2

sgn(mηs). (4)

Since the Chern number is related to the topological properties
(the detailed relation can be found in the tables of the previous
work[14,20]), we see that the sign of the mass term determines
which topological phase the system belongs to. From Eq. (3)
we know that with proper combinations of the external fields,
we may modulate the signs of the mass term, or the topological
phase of the system. Thus there exist some phase diagrams,[20]

which can quickly tell us the phase region for these parameter
combinations (such as λΩ ∼M or λΩ ∼V ). Our work is based
on these phase diagrams.

Now we investigate the inner-edge state of the Dirac sys-
tem. Considering the system with two adjacent uniform ex-
ternal potentials along a straight line, the wavefunction can

be written as the guide-wave form Ψ(x,y) = e ikxx
(

φ1(y)
φ2(y)

)
.

Substitute this into Eq. (2), and with the transform (kx,ky)⇒
(∂x,∂y), the following differential equations are obtained:{

mηs(y)φ1(y)+}vF(kx−η∂y)φ2(y) = εφ1(y),

}vF(kx +η∂y)φ1(y)−mηs(y)φ2(y) = εφ2(y).
(5)

Then the equation of φ1(y) is

(}vF)
2
∂

2
y φ1(y)[m2

ηs(y)− ε
2− (}vFkx)

2]φ1(y) = 0. (6)

Near the valley–Fermi-energy region (kx ≈ 0, ε ≈
0),[20] φ1(y) has the solution with the form of φ1(y) =

C1 exp(
∫ y mηs(y′)dy′) +C2 exp(−

∫ y mηs(y′)dy′). With the
step-wised mηs(y) vs. y curve, it is proved that only when
mηs has different signs in the two uniform potentials (re-
gions I and II), there exists an inner-edge state (Jackiw–Rebbi
mode), which decays exponentially apart from the interface
line (y = 0)[14]

φ1(y) =

{
C1 exp( 1

}vF
mII

ηsy), (y < 0),

C2 exp(− 1
}vF

mI
ηsy), (y≥ 0).

(7)

And the slope of the inner-edge band is determined by the
Chern number difference and[14,18]

∆Cη ,s =CI
η ,s−CII

η ,s. (8)

So we can use this ∆Cη ,s to determine the property of the inner-
edge band with specified valley and spin. This Chern number
difference is also called the inner-edge Chern number. The
detailed discussions of these inner-edges are in Section 3.

2.3. The transport theory: non-equilibrium Green’s func-
tion

To further investigate the inter-valley and intra-valley
scatterings of inner-edge states constructed to a two-terminal
device, the transmission coefficient based on the non-
equilibrium Green’s function (NEGF) theory is introduced as

T s = Tr [𝛤 s
R𝐺

r,s𝛤 s
L𝐺

a,s] . (9)

This formula describes the spin-dependent (denoted by the su-
perscript s) transmission from the left lead (denoted as L) to
the right lead (denoted as R). And the linewidth function is de-
fined as 𝛤 s

L/R = i
(
𝛴r,s

L/R−𝛴a,s
L/R

)
, where the advanced and

retarded self-energy functions 𝛴
r/a,s
L/R = 𝐻s

D,L/R𝑔
r/a,s
L/R 𝐻s

L/R,D

can be obtained from the surface Green’s function 𝑔
r/a,s
L/R

of the leads and the two coupling matrices 𝐻s
D,L/R and

𝐻s
L/R,D. Meanwhile, the advanced and retarded Green’s

functions in Eq. (9) are also dependent on their correspond-
ing self-energy functions, which are written as 𝐺r/a,s =[
(E± iη)𝐼−𝐻s

D−𝛴
r/a,s
L −𝛴

r/a,s
R

]−1
. It is obvious that the

surface Green’s function 𝑔
r/a,s
L/R of the leads is the central issue

for calculating the transmission, which can be calculated by
the Lopez–Sancho’s iterative method or transfer matrix.

To intuitively exhibit the transmitted and reflected chan-
nels, we need to calculate the local bond currents which play
an important role in discovering novel transport phenomena
and capturing the transport path of the inner edge state. We
here introduce the energy-and-spin-resolved local bond cur-
rent from the site i to j, expressed as[19]

Js
i j(E) = Hs

jiG
<,s
i j (E)−Hs

i jG
<,s
ji (E), (10)

where Hs
ji is the Hamiltonian matrix element and 𝐺<,s =

−i𝐺r,s𝛤 s
L𝐺

a,s is the lesser Green’s function based on the sup-
pose that the incident current is from the left lead.
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3. Results and discussion
In this section, we first introduce some types of topolog-

ical inner-edge states in the hybrid silicene nanoribbons. The
Chern number analysis is employed to relate the topological
property with the valley, spin, and momentum direction of
these inner-edge states. Then we combine two or three seg-
ments of these hybrid nanoribbons to construct the valley or
spin–valley filters. The local current distributions plus the en-
ergy band analysis are employed to reveal the filtering mecha-
nism of the inner-edges or outer-edge device.

In the following calculations, we use these parameters:
the intrinsic SOC intensity is set as tSO = 0.01t, the circularly-
polarized light intensity tΩ =±0.3t for the QAH1 and QAH2
phases; the staggered potential energy is set as V = ±0.3t for
the QVH1 and QVH2 phases; and the AF exchange intensity
is set as M = ±0.3t for the SQVH1 and SQVH2 phases. The
detailed phase diagram information can be referred to our pre-
vious work.[20]

3.1. Inner and outer edge states in hybrid nanoribbons

Here we investigate three types of topological hybrid
nanoribbons with their band structures and the eigenmode
distributions of the inner-edge and outer-edge. We also use
the Jackiw–Rebbi interface theory to analyze the topological
properties of the interface transport.

3.1.1. QAH1|QAH2 case

In this case, two TI regions across the inner-edge are
the QAH states with different Chern numbers: in one region
Ctotal = 2 (QAH1) and in the other region Ctotal =−2 (QAH2).
The detailed spin and valley-resolved Chern numbers are also

listed in Table 1 below. These two topological phases can be
implemented by the radiation of the right (left)-circularly po-
larized light with the off-resonance frequency.[14,34]

Table 1. The Chern numbers of the hybrid nanoribbon system with
QAH1|QAH2 phases.

Topological region 2CK,↑ 2CK′,↑ 2CK,↓ 2CK′,↓

I: QAH1 1 1 1 1
II: QAH2 −1 −1 −1 −1

Interface: 2(CI−CII) 2 2 2 2

From the Jackiw–Rebbi theory in Section 2, we know
the topological properties are determined by the difference be-
tween two Chern numbers, which are listed in Table 1. The
band structures of this hybrid nanoribbon with two spins are
shown in Figs. 2(a) and 2(b). We see that they are much like
spin degenerate bands. Two single bands connect the valence
and conductance bulk bands with the positive slope in the K
and K′ valley regions. From the electron distributions of these
two edge bands (Figs. 2(c) and 2(d)), we find they correspond
to the inner-edge of the hybrid nanoribbon. In the Jackiw–
Rebbi theory, the momentum direction of the inner-edge with
corresponding spin and valley agrees well with the sign of in-
terface Chern number ∆Cη ,s =CI

η ,s−CII
η ,s. That means if ∆Cη ,s

is positive (negative), the momentum direction of the inner-
edge with the valley η and spin s is also positive (negative). In
Figs. 2(a) and 2(d), we see that the slopes of these four inner-
edge bands (with K and K′ valleys and up and down spins)
are positive, which is agreeable with the four Chern numbers
(∆CK,↑, ∆CK′,↑, ∆CK,↓, ∆CK′,↓) of the inner-edge state (see Ta-
ble 1).

0.5

0
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E
/
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0.5
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-0.5

QAH1|QAH2 QAH1|QAH2

Spin up Spin down

(a) (b)

(c) (d) (e) (f)

1 2 3 4 5
K K′

kR

1 2 3 4 5
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
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.


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    

y ↼a↽

    

y ↼a↽

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8
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Fig. 2. The band structures and electron distributions of inner/outer edges in the hybrid nanoribbon (QAH1|QAH2). Panles (a) and (b) are for
the energy bands for the spin-up and spin-down cases, respectively. Panles (c) and (d) are the inner edges in the K and K′ valleys in the spin-up
case. Panles (e) and (f) are the outer edges near the energy E = 0 for the two nearly degenerate bands (with up spin). Their corresponding states
are dotted and labeled as A, B, C and D in panel (a).
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In Figs. 2(a) and 2(b), there also exist two groups of edge
bands with negative slopes, which connect the valence K′ val-
ley and conductance K valley bulk bands. Each group contains
two nearly degenerate bands and these bands all correspond to
the outer-edge state, as shown in Figs. 2(e) and 2(f). One is
near the upper edge and another is near the lower edge. In the
band figures, we see that the inner-edge states (in two valleys)
have positive group velocities, which are balanced by the out-
edge states (near two edges) with negative group velocities.

3.1.2. QAH|QVH case

In this case, the hybrid nanoribbon contains two topolog-
ical phases: QAH and QVH phases. Since these bands are
nearly spin degenerate (for silicene nanoribbon, the difference
is neglectable for two spin bands), in Table 2 we only list
the Chern numbers with different valley indices. In region I
the topological phase is QAH1. In region II we investigate
two types of QVH: QVH1 and QVH2 (denoted as A and B ).
From Table 2 the Chern numbers of the inner-edge state for
type A are 2∆CK,↑(↓) = 0 and 2∆CK′,↑(↓) = −2. That means
only in K′ valley there is an inner-edge band with a negative
slope (Fig. 3(a)). Similarly in the type B (QAH1|QVH2) case
2∆CK,↑(↓) = 2 and 2∆CK′,↑(↓) = 0, there is an inner-edge band
in K valley with a positive slope, as shown in Fig. 3(b).

Table 2. The Chern numbers of the hybrid nanoribbon system with
QAH|QVH phases.

Topological region CK,↑(↓) CK′,↑(↓)

I: QAH1 1 1
II: QVH1(A) or QVH2 (B) 1 (A) or −1 (B) −1 (A) or 1 (B)

Interface: 2(CI−CII) 0 (A) or 2 (B) −2 (A) or 0 (B)
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Fig. 3. The band structures (a) and electron distributions of inner/outer
edges (c) in the hybrid nanoribbon of QAH1|QVH1 case. The band
structures (b) and electron distributions of inner/outer edges (d) in the
hybrid nanoribbon of QAH1|QVH2 case. The corresponding states in
panels (a)–(d) are dotted and labeled as A, B, C and D. In panels (a) and
(b) the two bands are spin-degenerate, so we use black curves to stand for
two spins.

In Figs. 3(c) and 3(d), the inner-edge electron distribu-
tions are displayed. The corresponding eigenstate points are
dotted and labelled as B and D in the band Figs. 3(a) and 3(b).

Besides, in the band figures there still exist the outer-edge
bands connecting K′ valance and K conductance bulk bands
(dotted and labelled as A and C). The corresponding outer-
edge electron distributions are presented in the lower panels.
We also observe that all the outer-edges are located on the up-
per edges.

3.1.3. QAH|SQVH case

In this case, we use QAH1 and SQVH1 as the two topo-
logical phases in regions I and II, respectively. The corre-
sponding Chern numbers of the two regions and the inter-
face are listed in Table 3 and the band structures are shown
in Figs. 4(a) and 4(b). Similar to the QAH1|QVH1 case, there
is only one inner-edge band in one valley. But the inner-edge
band of spin up (down) polarization locates in the K′ (K) val-
ley. We see that here the valley and spin of the inner-edge are
locked with each other, due to the SQVH topological phase.
These inner-edge bands are also agreeable with their Chern
numbers: 2∆CK,↑ = 0; 2∆CK′,↑ = 2; 2∆CK,↓ = 2; 2∆CK′,↓ = 0.

Table 3. The Chern numbers of the hybrid nanoribbon system with
QAH1|SQVH1 phases.

Topological region 2CK,↑ 2CK′,↑ 2CK,↓ 2CK′,↓

I: QAH1 1 1 1 1
II: SQVH1 1 −1 −1 1

Interface: 2(CI−CII) 0 2 2 0
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Fig. 4. The band structures and electron distributions of inner/outer edges
in the hybrid nanoribbon with the QAH1|SQAH1 topological phases.
Panels (a) and (c) are for the spin up case and panels (b) and (d) are for
the spin down case. Labels A and C stand for the outer edges and labels
B and D stand for the inner edges.

3.2. Valley-polarized transport in hybrid nanoribbon
junctions

Now we combine the two different hybrid nanoribbons to
obtain the single valley filter as shown in Fig. 5. The topo-
logical structure of this filter is shown in Fig. 5(a): the left
part is the combination of QAH1|QAH2, with the inner-edge
in K and K′ valleys. The corresponding band structure of
QAH1|QAH2 is shown in Fig. 2. And the right part of the
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filter is the combination of QAH1|QVH2 with a single valley-
polarized (K) inner-edge (the corresponding band structure is
in Fig. 3).

Since there are two valley channels in the inner current
of the left part but only a single valley channel in the right
part, we expect that the K′ valley component will be filtered.
This is validated by our calculated local current distribution.
As shown in Fig. 5(b), the inner-edge current flows rightward
to the interface of two hybrid nanoribbons and the K′-valley-
polarized component is blocked and then it goes upward along
the vertical interface to the upper edge. This block of K′-valley
current is due to the BWM effect, which is much different
from the traditional band gap effect in the filtering mecha-
nism. Since there are outer-edge bands (with negative slope)
in the QAH1|QAH2 hybrid system (Fig. 2), the current in the
vertical interface will get bent leftward and flow back as the
outer-edge current on the upper edge. This current flow is also
shown in Fig. 5(a). Figure 5(c) is the transmission curve of
this filter. We see that in the Fermi energy (E = 0) region, the

transmittance is 100%, which means all the K valley current is
transmitted into the right part of the filter.

The lower panel of Fig. 5 is another valley filter: with
QAH1|QAH2 in the left part and QVH1|QAH2 in the right
part. The K-valley-polarized inner-current is blocked in the
right inner-edge channel (see the band in Fig. 3, there is only
one inner-edge band in K′-valley). So the K-valley component
of the inner edge current is bent down in the vertical interface
and then goes back on the lower edge of the left nanoribbon.
Only K′ valley current goes to the right lead with 100% trans-
mittance (Fig. 5(f)).

Although there exist two outer-edge bands (states) on the
left hybrid nanoribbon system (Fig. 2), we only observe one
edge current in Fig. 5(b) or Fig. 5(e). The reason is that on
the left/right interface region, the lower (upper) parts are of
the same topological phase (QAH1 in Fig. 5(a), or QAH2 in
Fig. 5(d)). So the vertical current only flows on the interface
between different phases.
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Fig. 5. The topological phase and current demonstration ((a) and (d)), local current distribution ((b) and (e)) and the transmission spectra ((c)
and (f)) of the inner-edge valley filter. The upper panel is of the topological structure QAH1|QAH2–QAH1|QVH2; the lower panel is of the
topological structure QAH1|QAH2–QVH1|QAH2. In panels (a) and (d), the thick arrows denote the valley-polarized current (solid line for K
and dashed line for K′) and the thin arrow denotes the non-valley-polarized current. In panel (b) the inset is the magnified current distribution
near the interface of two hybrid parts.

3.3. Valley-and-spin-polarized transport in hybrid
nanoribbon junctions

Now we design the filter for both valley and spin polar-
ization based on these hybrid silicene-like nanoribbons. Fig-
ure 6 shows the filter in the two-segment combination with
the topological phases: QAH1|QAH2 in the left part and
QAH1|SQVH1 in the right part.

Figures 6(a) and 6(b) demonstrate the inner-edge current
flows and the calculated local current distribution with the
spin-up case. Similar to Fig. 5(a), the K/K′ valley polarized

current exists in the left part and only the K′ valley polarized
current can flow in the right part. So the K-valley current is
blocked by the BWM effect as stated before. The blocked
K-valley current goes upward along the interface of left/right
nanoribbons and flows back as the non-valley polarized cur-
rent along the upper edge. Here we also observe the valley-to-
non-valley transformation along the vertical current region.

And Figs. 6(c) and 6(d) are the similar cases but for the
spin-down currents. We notice that besides the spin differ-
ence, the valleys of the filtered currents are also different: for
the spin up current it is in K′ valley and for the spin-down cur-
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rent it is in K valley. This is due to the SQVH1 topological
phase. The band structure of QAH1|SQVH1 hybrid nanorib-
bon only has the spin up (down) edge band in K′ (K) valley
with the positive slope (Fig. 4). And in Figs. 6(a) and 6(c), we

see that the lower part of the filter has the same phase (QAH1)
and only the upper part has different phases across the left-
right interface. This leads to the vertical current in the upper
regions.
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Fig. 6. The topological phase and current demonstration ((a) and (c)), local current distribution ((b) and (d)) and the transmission spectra ((e)) of
the inner-edge valley filter (QAH1|QAH2–QAH1|SQVH1). In panels (a)–(d), the red arrows are for spin-up currents and the blue arrows are for
spin-down currents.
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Fig. 7. (a)–(c) The band structures of the three-segments filter (QAH1|QAH2–QVH1|QAH2–QAH1|SQVH1). The upper panel is for the spin-up
bands and the lower panel is for the spin-down bands. (d) and (e) The local current distributions of this filter in the spin-up case (d) and the
spin-down case (e).

Figure 7 is the valley–spin filter with three segments. The
left segment is of the QAH1|QAH2 type; the middle segment
is of the QVH1|QAH2 type and the right segment is of the
QAH1|SQVH1 type. As shown in the band structures of these
segments, the left part has the inner-edge currents within K
and K′ valleys; the middle part supports the inner-edge state
within the K valley; and the right part supports the inner-edge
current within K′ valley (spin up) or K valley (spin down).

The local current distributions in Figs. 7(d) and 7(e) show that
when the inner-edge currents go into the middle part, only the
K-valley-polarized current (spin up and spin down) continues
to flow; the K′-valley-polarized currents are bent down to the
lower outer edges of the ribbon. Then when the K-valley-
polarized current goes into the right part, the spin-up current is
bent and reflected along the upper edges; only the spin-down
current continues to flow forwards with K-valley polarization.
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In other words, this filter has two layers of choosers: the first
chooser lies in the interface between the left and middle parts,
which can select the valley-polarized incident inner-edge cur-
rents; the second chooser lies in the interface between the mid-
dle and right parts, which further selects the spin polarized
currents. Only the spin-down current within the K-valley can
pass through this two-layer filter. Our calculated transmission
is 97% for the spin-down current and 0.03% for the spin-up
current. This filtering mechanism is also due to the BWM ef-
fect.

It is easy to see that with some changes in the external
fields, we may obtain other filters with different valley–spin
polarization.

4. Conclusion
With the tight-binding model, Jackiw–Rebbi interface

theory and the NEGF theory, we investigate some inner-edge
states with topological phases of QAH, QVH and SQVH based
on the hybrid silicene-like nanoribbons. The band structures
show some special inner-edge bands with valley and spin–
valley polarization and different group velocities. And we find
a new filtering mechanism called the Bloch wavevector mis-
match. With this mechanism, we design the two-segment and
three-segment serial inner-edge filters. These filters can gen-
erate valley-polarized or valley–spin-polarized inner-edge cur-
rents.

These inner-edge states can be fulfilled in experiments
with different external fields exerted on the upper and lower
parts of SiNR. For example, people proposed that with differ-
ent directions of vertical electric fields, the different AB stag-
gered potentials appear on two sides of the inner-edge of SiNR
and the corresponding inner-edge states form;[10] and with the

radiation of the left-hand or right-hand circular polarized light
on two regions of SiNR, the QAH1 and QAH2 states appear
and the corresponding inner-edge states also form.[35]

We believe these new inner-edge filters can be promising
candidates in the future’s valleytronic devices.

Appendix A: Effect of the Rashba spin–orbital
coupling

In the main text, we do not consider the Rashba spin-
orbital coupling. However, in some cases there exists
this Rashba interaction in the materials. Here we give a
brief investigation of this effect. The Rashba term reads
∑〈i, j〉∑α,β λRc†

iα(𝜎×𝑑i, j)|zαβ
ciβ . This term can mix spin up

and down components of electrons. We find that when the
Rashba coupling strength (λR) is very small, the spin-polarized
inner-edge state still remains. There is only a little opposite
spin component which can be omitted; however, when the
Rashba strength is large enough (for example, it is larger than
0.05t), the two spin components are comparable and there is
a mixed-spin state without any spin polarization. The follow-
ing Fig. A1 gives these results for the inner-edge states in the
QAH1|SQVH1 case. And for the phase transitions of these
topological phases, the similar case still exists: a small Rashba
term does not change the phase transitions.

We note that if only the device region has this Rashba
interaction, the eigenstate from the electrodes (without the
Rashba term) is not the same as that in the device. So the
spin-polarized current will be flipped into the opposite-spin
one with increasing the transport length due to this Rashba
effect. So in this case the Rashba term would destroy the spin-
polarized current.
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Fig. A1. Band structures (a) and electron distributions (b) of the inner-edge states (QAH1|SQVH1) with increasing Rashba intensities (λR),
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the electron.
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