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Spin-valley transport and magnetoresistance are investigated in silicene-based N/TB/N/TB/N junction
where N and TB are normal silicene and topological barriers. The topological phase transitions in TB’s
are controlled by electric, exchange fields and circularly polarized light. As a result, we find that by apply-
ing electric and exchange fields, four groups of spin-valley currents are perfectly filtered, directly induced
by topological phase transitions. Control of currents, carried by single, double and triple channels of spin-
valley electrons in silicene junction, may be achievable by adjusting magnitudes of electric, exchange
fields and circularly polarized light. We may identify that the key factor behind the spin-valley current
filtered at the transition points may be due to zero and non-zero Chern numbers. Electrons that are
allowed to transport at the transition points must obey zero-Chern number which is equivalent to zero
mass and zero-Berry’s curvature, while electrons with non-zero Chern number are perfectly suppressed.
Very large magnetoresistance dips are found directly induced by topological phase transition points. Our
study also discusses the effect of spin-valley dependent Hall conductivity at the transition points on bal-
listic transport and reveals the potential of silicene as a topological material for spin-valleytronics.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

After the discovery of graphene [1], two-dimensional (2D)
materials beyond graphene have drawn great interest in the field
of condensed mater [2,3]. Silicene, a novel two-dimensional silicon
allotrope akin to graphene, has been both theoretically predicted
[4–7] and experimentally synthesized [8–13]. It has become one
of promising materials for modern electronic devices, such as
spin-valleytronics [14–16]. The first silicene-based field effect
transistor operated at room temperature has been recently fabri-
cated [11]. Silicene is a monolayer of silicon with atoms arranged
in honeycomb lattice. Its atomic structure is buckled related to
mixed sp2 � sp3 hybridizations [17] and has strong spin orbit inter-
action (SOI) [6], unlike that in graphene which is planar and has
weak spin orbit interaction [18]. Buckled structure leads to tunable
energy gap by perpendicular electric field [19,20], due to A- and B-
sublattices placed in different positions. The carriers in silicene are
governed by Dirac fermions with spin-valley-dependent mass con-
trolled by external fields. The presence of SOI may give rise to
quantum spin Hall (QSH) Effect which was firstly proposed by Kane
and Mele [21] in graphene including effect of intrinsic SOI. Unfor-
tunately, the subsequent work found that in SOI in graphene is
rather weak [18]. In contrast to graphene, strong SOI in silicene
leads to prediction of rich phase [6,15,22–26]. It undergoes a topo-
logical phase transition from QSH state, 2D topological insulator, to
a trivial (or band) insulator, quantum valley Hall (QVH) insulator,
by varying perpendicular electric field [22]. Quantum anomalous
Hall (QAH) Effect occurs in silicene induced by magnetization
and SOI [23,24]. Spin polarized quantum anomalous Hall (SQAH)
insulator and anti-ferromagnetic (AF) phase are induced by inter-
play of electric field and magnetization [15]. The various types of
topological phase transitions are classified by spin-valley Chern
numbers due to spin and valley degrees of freedom in silicene.
The trivial insulator phases are related to the first and spin-
Chern numbers (C, Cs) are zeroes (0, 0) while topological insulator
phases occur when (C, Cs) are not zeroes [25]. Quantum spin-valley
Hall conductivities may be given associated with spin-valley Chern
numbers.

Recently, ballistic spin-valley transport properties in silicene
junctions have been investigated by several works [16,27-34].
Charge transport in pn and npn junctions in silicene were investi-
gated, to show the conductance being almost quantized 0, 1 and
2 [27]. Spin-valley polarized currents have been investigated
[28–30]. Defect enhanced spin and valley polarizations are possible
in silicene superlattices [28,29]. The spin-valley-polarized Andreev
reflection at the interface silicene-based normal/superconducting
junction is found to be fully controlled by external electric field
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[30]. Perfect spin-valley filtering controlled by electric field has
been proposed in a ferromagnetic silicene junction [16] when A
and B sublatices are induced into ferromagnetism by different
exchange fields. Control of spin-valley currents by circularly polar-
ized lights have also been investigated [31,32], since it can induce
valley-dependent-Dirac mass into silicene [33].

In this paper, we investigate spin-valley currents and magne-
toresistance in silicene-based N/TB/N/TB/N junction where N and
TB are normal silicene and topological-phase-transition barriers,
respectively. We assume that in the two TB-barriers, perpendicular
electric field [22], staggered exchange field [15,16] and circularly
polarized lights are applied [33]. The effect of topological phase
transitions in silicene on spin-valley transport and magnetoresis-
tance is the main objective of our work. The effect which is directly
due to topological phase transitions in the barriers has not been
studied by previous works. Spin-valley quantum Hall conductivi-
ties in barriers are taken into consideration. The topological phase
transition in the barriers can be tuned by varying electric field,
exchange energy and frequency of circularly polarized light, con-
trolling species of electron carriers to transport in the junctions.

2. Hamiltonian model

Let us first consider the tight-binding Hamiltonian in our model,
a silicene-based N/TB/N/TB/N junction, as seen in Fig. 1a. In TB
regions, it may be modeled as of the form [15]

hTB ¼ �t
X
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where cyia (cjb) is creation (destruction) field operator at site i(j) for
electron with spin polarization a (b) and hi; ji (hhi; jii) run over all the
nearest-neighbor (next-nearest neighbor) hoping sites. The first
term represents graphene-like Hamiltonian with hoping energy
Fig. 1. Schematic illustration of a silicene-based N/TB/N/TB/N junction where N and
TB are normal silicene and topological-phase-transition barriers, respectively (a).
Electronic band structure in each region where the Fermi energy in the barriers lies
inside band gap to cause topological phase transition (b). In the barriers, proximity-
induced exchange energies in A and B sublattices, electric field and irradiating
circularly polarized light are applied. Staggered magnetizations in TB-regions can
be set to be P-junction and AP-junction.
t ¼ 1:6 meV for silicene. The second term represents spin–orbit
interaction effect in silicene with Dso ¼ 3:9 meV [34] where
~r ¼ hrx;ry;rzi is vector of Pauli spin matrix acting on real-spin
states. mij ¼ 1ð�1Þ if the next-nearest-neighboring hoping is anti-
clockwise (clockwise) respect to direction normal to silicene sheet.
The third term represents Rashba spin orbit interaction with
DR ¼ 0:7 meV where ci ¼ 1ð�1Þ for A-(B-) sublattice and

n̂ij ¼~nij=j~nijj with ~nij connecting two site i and j in the same sublat-
tice. The fourth term represents interaction due to applying perpen-
dicular electric field DE ¼ e‘EZ where e;Ez and ‘ are bare electron
charge, electric field and buckling parameter, respectively. The fifth
term represents interaction induced by staggered exchange field
with exchange energy DM ¼ M which may be realized by depositing
magnetic insulators with exchange energy of M on top and bottom
of silicene sheet with different exchange field directions [16,23].
The sixth term represents interaction induced by off-resonant circu-
larly polarized light irradiated onto silicene sheet with vector

potential ~A ¼ Kh� sinXt; cosXt;0i, where K and X are the ampli-
tude and frequency of light respectively. This is to get

DX ¼ ��hv2
FA

2
=a2X where þð�Þ denotes right (left) circulation.

A ¼ eaK=�h, a ¼ 3:86 Å and vF ¼ 5:5� 105 m=s are dimensionless
amplitude [33], the lattice constant and the Fermi velocity [34],
respectively. The last term represents chemical potential applied
by gate voltage with electric potential�U=e. In the low energy limit,
the effect of Rashba term is usually neglected. Therefore, low energy
effective Hamiltonian used to describe motion of quasiparticles,
Dirac fermions, in TB-regions, related to tight-binding model in
Eq. (1) may be given as

HTB ¼ gvFp̂xsx þ vFp̂ysy þ ðgsDso þgDX þ sDM � DEÞsz þ U; ð2Þ
where~s ¼ hsx; sy; szi is vector of Pauli spin matrix acting on pseudo
(or lattice)-spin states, s ¼ þð�Þ stands for electron with real-spin
" ð#Þ, g ¼ þð�Þ stands for electron in k� ðk0�Þ valley, and
p̂xðyÞ ¼ �i�h@xðyÞ is the momentum operator. In N-regions, there are
no electric, exchange fields and circularly polarized light applied
into silicene sheet. By taking DX ¼ DM ¼ DE ¼ l ¼ 0 into Eq. (2), thus
we get low energy effective Hamiltonian in NM-regions of the form

HN ¼ gvFp̂xsx þ vFp̂ysy þgsDsosz: ð3Þ
It is seen that from Eqs. (2) and (3), in N-region the band disper-

sion is not spin-valley dependent

Egs ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2
Fp2

x þ v2
Fp2

y þ D2
so

q
; ð4Þ

where � denotes conduction (valence) band. In TB-regions, it is
spin-valley dependent

Egs ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2
Fp2

x þ v2
Fp2

y þ ðgsDso þgDX þ sDM � DEÞ2
q

þ U: ð5Þ

The energy gap and Dirac mass in N-regions are Egap;gs ¼ 2Dso

and mgs ¼ gsDso=v2
F , respectively. Energy gap and Dirac mass in

TB-regions are Egap;gs ¼ 2jgsDso þgDX þ sDM � DEj and
mgs ¼ ðgsDso þgDX þ sDM � DEÞ=v2

F , respectively. Plot of band
structure in each region is shown in Fig. 1b.

3. Topological phase transitions in TB-regions

As mentioned in the first section, the topological phase transi-
tion is required in the TB-regions. The Fermi energy in TB-region
must be inside the energy gap of the carriers, using the condition
of E ¼ U. The Fermi energy of electron only in N-regions lies above
the gap leading to that all electron species can propagate through
NM-regions and there is no topological phase in N-regions. Hence,
TB-regions are considered as topological barriers in which phase
transitions can be tunable by external forces. Let us start with
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spin-valley Chern numbers, Cgs; in the system that governed by

Hamiltonian Hgs ¼ ~d �~s. It is equivalent to the Pontryagin number
which may be given by [25,35,36]

Cgs ¼ 1
2p

Z
d2kFgs ¼ 1

4p

Z
d2kd̂ � @d̂

@kx
� @d̂
@ky

 !
; ð6Þ

where Fgs is spin-valley Berry’s curvature. In TB-regions, we have
~d ¼ hgvF�hkx; vF�hky;Dgsi and d̂ ¼ ~d=j~dj, with Dgs ¼ gsDso þgDXþ
sDM � DE. Eq. (6) gives rise to Chern numbers depending on the sign
of Dirac mass of relativistic electron, as given by [25,33,35]

Cgs ¼ g
2
sgnðDgsÞ: ð7Þ

Classification of topological phase in silicene may be given by
using total Chern number C, real-spin Chern number Cs, valley
Chern number Cv, and pseudo-spin Chern numbers Cps, which are
respectively defined as [25,37]

C ¼ Ck" þ Ck# þ Ck0" þ Ck0#;

Cs ¼ 1
2
ðCk" þ Ck0" � Ck# � Ck0#Þ;

C ¼ Ck" þ Ck# � Ck0" � Ck0#;

and

Cps ¼ 1
2
ðCk" þ Ck0# � Ck0" � Ck#Þ: ð8Þ

We note that the last term represents pseudo-spin Chern num-
ber. This is due to the fact that k "j i and k0 #�� �

are wave functions of
electron in A-sublatice equivalent to pseudo-spin up, while k #j i
and k0 "�� �

are wave functions of electron in B-sublatice equivalent
to pseudo-spin down, clarified in Refs. [38,39]. For ðC;CsÞ–ð0;0Þ,
TB-regions may be considered as a topological barrier, where the
cases of ðC;CsÞ ¼ ð�2;0Þ, ð0;�1Þ and ð�ðor �Þ1;�ðor �Þ1=2Þ are
QAH, QSH and SQAH, respectively. For ðC;CsÞ ¼ ð0;0Þ, TB-regions
may be considered as a trivial insulating barriers, where
ðCv;CpsÞ ¼ ð�1;0Þ and ð0;�1Þ yields QVH and quantum pseudo-
spin Hall effect (QPSH), respectively (see Table 1). When the Fermi
level lies in the gap, the spin-valley Hall conductivity at zero tem-
perature for this model may be obtained by the Kubo formulism
[22,40–43], as given by

rxy;gs ¼ e2ð�hvFÞ2
4�hð2pÞ2

Z
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gDgs
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3=2
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1
2p

Z
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¼ e2
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Cgs: ð9Þ
Table 1
Topological phase transitions in silicene may be described by the first Che
pseudospin Chern numbers Cps. Trivial insulators, QVH and QPSH insulator
numbers ðC;CsÞ ¼ ð0;0Þ.

C

QAH �2
QSH 0
QVH

(trivial insulator)
0

QPSH
(trivial insulator)

0

SQAH �1
SQAH �1
SQAH �1
SQAH �1
This Hall conductivity derived by the Kubo formula can be rep-
resented in term of the Chern numbers induced by the Berry’s cur-
vature in momentum space TKNN formula [43]. The spin-valley
Hall conductivity formula given by Eq. (9) is used to describe the
spin-valley currents at the edge when topological phase occurs.
The total, spin, valley and pseudo-spin Hall conductivities may
be defined as

rxy ¼ rxy;k" þrxy;k# þrxy;k0" þrxy;k0#; rs
xy

¼ rxy;k" þrxy;k0" �rxy;k# �rxy;k0#; rv
xy

¼ rxy;k" þrxy;k# �rxy;k0" �rxy;k0#; and rps
xy

¼ rxy;k" þrxy;k0# �rxy;k# �rxy;k0"; ð10Þ

respectively. The QSH yields jrs
xyj ¼ e2=h and jrT

xyj ¼ jrv
xyj ¼

jrps
xyj ¼ 0 [22]. The QVH yields jrv

xyj ¼ e2=h and jrT
xyj ¼ jrs

xyj ¼
jrps

xyj ¼ 0 [22]. The QPSH yields jrps
xyj ¼ e2=h and

jrT
xyj ¼ jrs

xyj ¼ jrv
xyj ¼ 0.
4. Scattering process and transport formulae

The transport properties in a silicene-based N/TB/N/TB/N junc-
tion, depicted in Fig. 1a, are studied in this section. The Hamiltoni-
ans in Eqs. (2) and (3) are adopted to describe the motion of the
carriers in N- and TB-regions, respectively. The current is assumed
to flow in the x-direction. Therefore, when electron is injected into
the N/TB interface with angle h and energy E, the wave function in
each region may be obtained as

wN1 ¼
1

Aeigh

 !
eikx þ rgs

1
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" #
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wTB1 ¼ ags
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1
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� �
e�iq�x

	 

eikky;

and

wN3 ¼ tgs
1

Aeigh

� �
eikxþikky;
rn numbers C, spin Chern numbers Cs, valley-Chern numbers Cv and
s, are corresponding to zero values of the first and the second Chern

2Cs Cv 2Cps

0 0 0
�2 0 0
0 �2 0

0 0 �2

�1 �1 �1
�1 �1 �1
�1 �1 �1
�1 �1 �1



Fig. 2. Plot of spin-valley conductances as a function of electric field for E ffi Dso and
L ¼ 0. The conductance spectrum, for DM ¼ DX ¼ 0 (a) plot of Gk" and Gk# by varying
thickness of the barriers (b).
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Where

A ¼ E�gsDso

g
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2 � D2

so

q ; B�

¼ ðE� UÞ � ðgsDso þgDX � sDM � DEÞ
g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðE� UÞ2 � ðgsDso þgDX � sDM � DEÞ2

q ;

k ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2 � D2

so

q
cos h=�hvF; kk ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2 � D2

so

q
sin h=�hvF;

q� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
j2

� � ð�hvFkkÞ2
q

=�hvF with j�

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½ðE� UÞ2 � ðgsDso þgDX � sDM � DEÞ2�

q
;

and

eig/� ¼ cos/� þgi sin/� with cos/�

¼ �hvFq�=j� and sin/� ¼ �hvFkk=j�: ð11Þ
We note that, in Eq. (11) the incident angle of electron (hole) in

the TB regions is �p=2 6 /� 6 p=2 only in the case of �hvFkk 6 j�

or j sin/�j; j cos/�j 6 1, satisfying /� ¼ sin�1ð�hvFkk=j�Þ. In this
regime, electron (hole) is propagating wave. When
j sin/�j; j cos/�j P 1, /� is complex value. Electron (hole) becomes
decaying wave inside the TB regions. When we take
eig/� ! ð�hvFq�=j�Þ þgið�hvFkk=j�Þ, the formula is done in both
cases. The notation ‘‘�” in the wave function in the TB2-region rep-
resents P and AP-types of the junction for þ and �, respectively.
The magnetizations in TB2 can be set to be parallel or anti-
parallel to TB1. The coefficients, rgs, ags, bgs, cgs, dgs, egs, fgs and
tgs can be determined by matching the wave function in Eq. (11)
with the boundary conditions below

wN1ð0Þ ¼ wTB1ð0Þ; wTB1ðdÞ ¼ wN2ðdÞ;
wN2ðdþ LÞ ¼ wTB2ðdþ LÞ and wTB2ð2dþ LÞ ¼ wN3ð2dþ LÞ:

ð12Þ
By doing this, the ballistic transmission in the model may be

calculated by the usual formalism TgsðhÞ ¼ jtgsj2.
The conductances are related to the transmissions TgsðhÞ. By

using the Landauer formula [44] which integrates transmissions
overall incident angle, the formula for the spin-valley dependent
conductance Ggs may be given by

Gk"ð#Þ ¼ 1
2
G0

Z p=2

�p=2
dh cos hTk"ð#ÞðhÞ and

Gk0"ð#Þ ¼
1
2
G0

Z p=2

�p=2
dh cos hTk0"ð#ÞðhÞ; ð13Þ

where G0 ¼ 4e2
h NðEÞ is a conductance of non-impurity silicene with

NðEÞ ¼ w
p�hvF

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2 � D2

so

q
being the density of state for non-impurity sil-

icene. The width of the junction is denoted as w. The net conduc-
tance of the junction is given by

G ¼ Gk" þ Gk# þ Gk0" þ Gk0#: ð14Þ
The pseudospin- and actual (or real) spin- and valley- conduc-

tancese may be defined as

Gps ¼ Gk" þ Gk0# � Gk# � Gk0"; Gs

¼ Gk" þ Gk0" � Gk# � Gk0# and Gv

¼ Gk" þ Gk# � Gk0" � Gk0#; ð15Þ
respectively. The magnetoresistance in this study is defined by
MRð%Þ ¼ GAP � GP

GAP
� 100% ð16Þ

We note that this definition of MR is used to study the MR dips
induced by topological phase transitions.
5. Results and discussion

In the numerical results, the topological barriers, TB-regions,
may be achieved by taking E ¼ U. This condition may give rise to
the Fermi level in TB-regions inside energy gap to cause topological
phase in TB-regions [22]. The topological phases in the TB-barriers
may be classified by the set of spin-valley Chern numbers given in
Table 1. We firstly show the spin-valley conductance in case of L =
0. In this condition, the junction can be considered as like a N/TB/N
junction with barrier thickness of 2d. When exchange field and cir-
cular polarized light are not applied, the TB-region exhibit QSH for
�Dso < DE < Dso and the other regions are QVH (see Fig. 2a). The
two transition points between QSH and QVH are at DE ¼ �Dso

which are metallic phase [22,33]. The junction exhibits strong
insulator when QSH and QVH occur. This is because QSH and
QVH are insulating in bulk leading to TB-region being a strong
insulator. Interestingly, at DE ¼ �Dso which are the transition
points or metallic phase, the conductance of the junction are
almost Gð�DsoÞ ¼ 2G0; considered as a very strong conductor. At
DE ¼ Dso, the junction allows only electrons with k " and k0 # to
transport while at DE ¼ �Dso, it allows only electrons with k #
and k0 " to transport [39]. When d increases (see Fig. 2b), almost
100% pseudo-spin polarization occurs at the transition points (zero



Fig. 3. Plot of spin-valley dependent conductances as a function of electric field for
E ffi Dso and L ¼ 0. The conductance spectrum, for P-junction with DM–0, and
DX ¼ 0 (a) for DM ¼ 0 and DX–0 (b) and for DM ¼ DX–0 (c). The junction with
current carried by single and two electron groups is predicted.
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valley and spin polarizations at these points Gs ¼ Gv ¼ 0). Transi-
tion points between QSH and QVH lead to pseudo-spin filtering
effect [39]. We identify that the key factor behind the perfect
pseudo-spin filter at the transition points may be related to spin-
valley Hall conductivities or transverse conductivities given in
eq.9 at the transition points, as obtained by

rxy;gs ¼ g
e2

4h
sgnðgsDso þgDX þ sDM � DEÞ

¼ g
e2

4h
sgnðgsDso � DEÞ:

The spin-valley ballistic conductances in our model may be
related to longitudinal conductivity Ggs 	 rxx;gs where

r ¼ rxx rxy

�rxy ryy

� �

are conductivity tensor with ryy ¼ 0 (current flowing only in x-
direction). At the transition point DE ¼ Dso, we have
rxy;k" ¼ rxy;k0# ¼ 0 and rxy;k# ¼ �rxy;k0" ¼ � e2

4h, while Gk" ¼ Gk0# ffi
G0 and Gk# ¼ Gk0" ¼ 0. In contrast to the first case, at the transition

point DE ¼ �Dso, it is given rxy;k" ¼ �rxy;k0# ¼ � e2
4h and

rxy;k# ¼ rxy;k0" ¼ 0, while Gk" ¼ Gk0# ¼ 0 and Gk# ¼ Gk0" ffi G0. This is
to say that emergence of Hall conductivity of electron at the TB-
barrier may suppress its related longitudinal conductance, due to
strong insulator in bulk but conducted at the edge. Electron may
be allowed to perfectly transport when its related Hall conductivity
vanishes at the TB-barrier. As understood, electron with spin ‘‘s”
and valley ‘‘g” would exhibit Klein tunneling [45] when it acquires
zero mass mgs ¼ Dgs=v2

F ¼ 0. This is equivalent torxy;gs ¼ 0. Clearly,
electrons with spin ‘‘s” and valley ‘‘g” which are allowed to trans-
port through the junction at the transition points must obey the
condition of Cgs ¼ 0, while the other electrons may be completely
suppressed due to Cgs–0. This condition at the transition points will
be adopted to describe the perfect spin-valley filtering and very
large magnetoresistance dips at the transition points in the next
result.

We next study the spin-valley dependent conductances as a
function of electric field when applying exchange field and circu-
larly polarized light in the case of P-junction (see Fig. 3a–c). The
junction is assumed to have L ¼ 0: In Fig. 3a, when the junction
is applied only the staggered exchange field to get DX ¼ 0 but
DM–0, it is found that SQAH occurs as a buffer between QSH and
QVH. The emergence of SQAH is directly due to the applied
exchange fields in the TB-region. In this case, it is also found that
there are perfect spin-valley filter. Electron with spin ‘‘s” and valley
‘‘g” are allowed to transport at different magnitude of electric
field, obeying the condition of Cgs 	 sgnðgsDso þ sDM � DEÞ ¼ 0 at
the four-transition points. In Fig. 3b, we study Ggs when DX–0
but DM ¼ 0. SQAH appears as a buffer state between QSH and
QVH similar to the case of applied only exchange filed but different
SQAH type. Four species of electrons are found to be perfectly split
at specific electric field, predicted by the condition of
Cgs 	 sgnðgsDso þgDX � DEÞ ¼ 0 at the four transition points, to
generate perfect spin valley filter. In Fig. 3c, we study Ggs when
DX ¼ DM–0: It is found that peaks of k#- and k0

"-electrons merge
at DE ¼ �Dso due to Ck# ¼ Ck0" ¼ 0, allowing two electron species

transport at this point. Peaks of k"- and k0
#-electrons are still distin-

guishable and are found at DE ¼ Dso þ 2DX and DE ¼ Dso � 2DX,
respectively. The spin-valley filtering effect occurs when the num-
bers of the transition points exceed two points (no spin and valley
polarization in Fig. 2).

The conductance in the AP-junction and magnetoresistance are
studied in Fig. 4 when L = 0. In Fig. 4a, we consider Ggs when
DX ¼ 0 but DM–0. Interestingly, the behavior of Ggs resembles that
in the P-junction when there is no applied exchange field (Fig. 4a is
equal to Fig. 2a). The spin-valley filtering effect can be described
using the case of non magnetic junction. This has been shown
straightforwardly that Fig. 4c is equal to Fig. 3b. The magnetoresis-
tance are studied in Fig. 4b, d and f. It is found that large



Fig. 4. Spin-valley-dependent conductances as a function of electric field in AP-junction, for DX ¼ 0 and DX–0 (a) and for DM ¼ DX–0 (c). Conductance for P and AP-junction
in case of DM ¼ DX ¼ Dso (e). Magnetoresistance as a function of electric field for DX ¼ 0 and DM–0 (b), for DM ¼ DX–0 (d) and for DM ¼ DX ¼ Dso (f). All figures are plotted
with L ¼ 0 and E ffi Dso. In Fig. 4(e), currents can be controlled to flow with three-group of electron, Ik# ; Ik0 " and Ik0 # , or by single group of electron Ik" .
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conductance dips occurs at the transition points of TB-barriers in
the P-junctions. Magnitude of MR can be enhanced by increasing
barrier thickness. Fig. 4e and f show interesting result, when
DX ¼ DM ¼ Dso. In this case, the currents can be controlled to flow
by three species of electrons k#-, k

0
" and k0

#-electrons at DE ¼ Dso

because of these electrons acquiring zero Chern numbers at this
point, while only one electron specie k#-electron are allowed to
transport at DE ¼ 3Dso because of only Ck# ¼ 0. In the AP-junction,
as we have discussed above its conductance spectra may be
described by P-junction with DM ¼ 0. Hence AP-junction in
Fig. 4e may be replaced by P-junction when DX ¼ Dso and DM ¼ 0.
Remember that the condition to get spin-valley filter at the transi-
tion points is Cgs 	 sgnðgsDso þgDso � DEÞ ¼ 0 thus we get peaks
of Gk0" and Gk" at DE ¼ �2Dso and DE ¼ þ2Dso, respectively. Two
peaks of Gk0# and Gk# are allowed to transport at the same point,
DE ¼ 0. We note that the spin-valley filtering effect in AP-
junction is not due to transition points in each TB, while spin-
valley filtering effect in the P-junction is due directly to the transi-
tion points. This is because the spectra of conductance in The AP-
junction are just described as equivalent to those in non-
magnetic P-junction, not exactly the same junction. The topologi-
cal phases in case of P-junction in Fig. 4e, is described by the
MR-dip behavior seen in Fig. 4f. The very large MR dips are found
between QVH and SQAH.

In Fig. 5, the spin-valley filtering effect and magnetoresistance
for the case of DX ¼ 0 but DM–0 have been investigated for various
values of L. As seen in Fig. 5a for P-junction, it is found that the
spin-valley conductance peaks which are due only to transition
points occurs when L is small enough. When L is large enough,
the spin-valley conductance peaks which are not associated with
phase transition appear, as seen in the case of L ¼ 100 nm. Four
peaks outside the region of �10 meV 6 DE 6 10 meV in Fig. 5a,
these peaks may be generated related to the quantum interference
inside N-barrier with thickness L. In the case of AP-junction, as we
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Fig. 5. Plot of conductance as a function of electric field for DX ¼ 0, DM–0, E ffi Dso

and 2d ¼ 100 nm with various values of L, for P-junction (a) and AP-junction (b).
Numbers of magnetoresistance dips for L ¼ 100 nm (d) are induced not only due to
topological phase transition but also quantum interference.

Fig. 6. Conductance as a function of irradiating circularly polarized light induced-
gap DX; for DE ¼ DM ¼ 0 (a), for DE ¼ 0 and DM < Dso (b), for, for DE ¼ 0 and DM > Dso

(c), and for DM ¼ DE ¼ Dso (d). All figures are plotted with L ¼ 0, 2d ¼ 100 nm and
E ffi Dso. In Fig. 6(d), currents can be controlled to flow with three-group of electron,
Ik" ; Ik0 " and Ik0 # , or by single group of electron Ik# , different from that in Fig. 4(e).
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have discussed it can be considered as similar to that in the P-
junction for no exchange fields. We can see the multiple peaks
when increasing L to be large enough (see Fig. 5b). The multiple
conductance peaks arisen by increasing L gives rise to complicated
MR dips. The numbers of MR dips are equal to the number of the
conductance peaks of P-junction (see Fig. 5c). This result of compli-
cated conductance peaks found for large L may point out that very
small L is required for the effect of spin-valley filter and MR dips
generated by topological phase transitions. We note that, the giant
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magnetoresistance investigated in silicene system has been inves-
tigated by Refs. [46,47]. The giant MR has been predicted in differ-
ent structures. In Ref. [46], MR in double magnetic strip-induced
vector potentials to generate giant MR without considering influ-
ence of topological phase transition. In Ref. [47], giant MR and per-
fect spin filter has been predicted in silicene-based nanoribbon.

Finally, the spin-valley and total conductances as a function of
DX are investigated for the case of L = 0 for P-junction, as seen in
Fig. 6. When DE ¼ DM ¼ 0, it is found that at the transition points
DX ¼ �Dso between QSH and QAH, the junction exhibit �100%
real-spin polarization. Fig. 6b and c show perfect spin-valley filter
due to topological phase transitions, when DM is applied without
electric field. QSH appears when DM < Dso, while QPSH appears
when DM < Dso. The three species of electrons and single specie
of electron can be controlled to transport by specific value of DX

(as seen in Fig. 6d). QSH and QPSH disappear, when DE ¼ DM ¼ Dso.

6. Summary and conclusion

We have investigated spin-valley transport in silicene-based
N/TB/N/TB/N junction where N and TB are normal silicene and
topological barriers. In topological barriers, the Fermi energy lies
inside the gap to get topological phase transition tunable by exter-
nal forces, electric field, exchange field, and circularly polarized
light. We have showed that perfect spin-valley filter occurs at
the topological transition points due to this region is metallic
phase. Electrons that are allowed to transport at the transition
points must obey the condition of zero-Chern number induced
by zero-Berry’s curvature which is equivalent to electron acquiring
zero mass. In this regime, the massless Dirac electron may carry
high ballistic conductance due to Klein tunneling without back
reflection at normal angle of incidence. At the transition points,
the massive carriers with non-zero Chern number are fully
suppressed in TB-regions. We also showed that the four electron
species, Ik"; Ik#; Ik0", and Ik0# may be controlled perfectly to flow only
by one, two, three or four electron species by varying electric field,
exchange field and frequency of circularly polarized light. Very
large magnetoresistance dips occur directly related to emergence
of topological phase transition points. Our work reveal potential
of silicene as a topological material for application of spin-
valleytronics.
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