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We study the coherent spin-polarized transport through a zigzag-edge graphene flake (ZGF), using Hubbard model in the nearest
neighbor approximation within the framework of the Green function’s technique and Landauer formalism. The system considered consists
of electrode/(ZGF)/electrode, in which the electrodes are chosen to be armchair nanoribbons. The study was performed for two types of
electrodes i.e., armchair-edge graphene nanoribbons (AGNRs) and armchair-edge boron-nitride nanoribbons (ABNNRs). Our calculations
of the electronic and transport properties of these systems show that both systems posses spin filtering properties, while the spin filtering is
higher in the full graphene system than the second system with boron nitride nanoribbon electrodes. The spin filtering in these systems is
due to the interaction of the spin of the carriers with the local zigzag-edge magnetism in ZGF. However, the reduction of the spin filtering
property in the case of the system with boron-nitride nanoribbon electrodes could be due to the decrease in the effective spin interaction of
boron atoms in the contact sites and magnetization of the zigzag-edge of the ZGF.
Keywords: Spin transport, Spin filters, Graphene nanoribbons, Graphene nanoflake, Boron-nitride nanoribbons, Hubbard model, Landauer
formalism, Green function’s technique

INTRODUCTION
The research on 2D nanomaterials with the potential of
next-generation electronic device has seen tremendous
progress in the past few years [1]. The properties of the
graphene-based materials are renowned and clearly indicate
that planar graphene must be a very remarkable material for
nanotechnological applications. It is expected to be stable at
temperatures up to 3000 °C and should be extremely
flexible, but at the same time as hard to tear apart as
diamond, similar in fact to carbon nanotubes. The electronic
properties of planar graphene are extraordinary too, for
example, the mobility of the carriers reaches 15000 cm2/Vs
in room-temperature [2]. In addition, the spin relaxation
length is measured to be as long as ~1.5 μm in low-mobility
devices, which makes graphene very interesting candidate
for spintronic applications, as well [3].
*Corresponding author. E-mail: ma65maher1@gmail.com

Considering the novel electronic properties of graphene,
there has been enormous number of research on the
development of the nanoscale technology of graphene, and
its various shapes, such as nanoribbons and nanoflakes. To
explore the spin-dependent transport phenomena a number
of nanodevices have also been proposed, especially in
graphene nanoribbons [4]. Among the various types of
graphene nanoribbons, two types have attracted more
researchers’ attention, the armchair edge and zigzag edge
nanoribbons. These two edges have a 30° difference in their
orientation within the graphene sheet [5].
Several intriguing transport properties have been
theoretically predicted especially for zigzag graphene
nanoribbons (ZGNRs). It has been shown that ribbons with
zigzag edges (zigzag ribbons) posses localized edge states
with energies close to the Fermi level [6]. The unique
properties in the electronic transport properties of ZGNRs
(and ZGF) can be attributed to the characteristic band
structures of ZGNR and the symmetry of wave functions
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near the Fermi level [8]. Also, it has been shown that
ZGNRs can be utilized for generating of a spin polarized
current [6]. The possibility of spontaneous magnetic
ordering which is peculiar to nanometer-scale zigzag edge
graphene has also been found [9]. The ground state of
ZGNRs has an antiferromagnetic spin configuration where
the total spin (S) is zero. However, when the system has
different number of A- and B-sublattice sites, the total spin
of the ground state is 2S = NA - NB and by appropriate
designing, one can form a ferromagnetic spin configuration
at the zigzag edges [6]. This would enable the ribbon to
have different conductance channels for the spin up and
down electrons and thus show spin filtering property.
On the other hand, we know that hexagonal boron
nitride (h-BN) is a one-atom-thick layered material with a
flat 2-D structure isoelectronic and isomorphic to the
graphene honeycomb lattice. An h-BN consists of an equal
number of boron and nitrogen atoms in sp2 hybridization
that is bonded together by strong covalent bonds but with a
remarkable ionic character [9]. Similar to graphene, the BN
sheet can be truncated in one direction to obtain a quasione-dimensional system called BN nanoribbon (BNNR).
Depending on the direction of the truncation, there are two
main types of BNNRs, namely, zigzag (ZBNNR) and
armchair (ABNNR) [10].
Hexagonal boron nitride is a honeycomb lattice with a
lattice parameter of 2.52 Å, which is only slightly larger
than that of graphene’s 2.46 Å. It has already been
demonstrated that it is possible to grow graphene directly on
h-BN and vice-versa by means of chemical vapor
deposition. Consequently, h-BN is a suitable companion for
graphene [11] and is therefore interesting to study the
electronic conduction properties of the h-BN as compared to
the graphene for the purpose of device designing.
With this motivation, in the present work, we perform a
study on the electronic and spintronic properties of
graphene and boron nitride nanoribbons. For this purpose,
we consider the effect of the type of electrodes in a system
consisting of a zigzag-edge graphene nanoflake (ZGF)
connected to two armchair-edge nanoribbons as the left and
right electrodes. In the first part of the study, we use
armchair-edge graphene nanoribbons as electrodes in
system 1 (AGNR/ZGF/AGNR), and in the second study,
ZGF is embedded between two armchair-edge boron-nitride

nanoribbons electrodes (ABNNR/ZGF/ABNNR). We
employ Hubbard model, Green function’s technique and
Landauer formalism to study the spin filtering properties of
these systems. We demonstrate that both of these systems
show spin filtering properties due to the magnetization of
the zigzag-edge of the nanoflake, however, our results show
that presence of ABNNRs electrodes in system 2 reduces
spin filtering properties.

MODEL AND FORMALISM
The systems under study, consist of a zigzag-edge
graphene nanoflake which is connected to two armchairedge nanoribbons as the left and right electrodes. In these
junctions, the left electrode has a ribbon index n = 15, while
the right electrode has a ribbon index n = 7. Furthermore,
the central region (ZGF) with a trapezoidal shape consists of
NC = 70 carbon atoms and produces a ferromagnetic spin
configuration at its edges. In the first system (system 1), we
use armchair-edge graphene nanoribbons as electrodes (Fig.
1a), and in the second system, ZGF is embedded between
two armchair-edge boron-nitride nanoribbon electrodes
(Fig. 1b). We consider the coherent spin-polarized transport
through a zigzag-edge graphene flake (ZGF) in both
systems and will make comparison of the spin transport in
both systems.
In both systems, we examine the effect of the electronelectron interaction using the Hubbard model within the
mean field approximation. The Hamiltonian in central part
(ZGF) is, therefore written as
HC 

t

i , j ,

i, j

1


C i C j  U  ni ,  ni ,  ni , 
2


i ,

(1)

Where Ci and C j are the electron creation and
annihilation operators, respectively, and ni  Ci Ci is the
number operator for an electron with spin σ at site i. t = 2.66
ev is the transfer integral between all the nearest neighbor
sites and U = 1.06 t is the on-site Coulomb interaction [6].
The Fermi energy was also set to zero, i.e., Ef = 0.
We solve the mean-field Hamiltonian selfconsistently by
iteration method. Therefore, the Green’s function and the
spin density on each atom of the channel should be
calculated iteratively until a convergence of the spin density
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(a)

(b)

Fig. 1. A schematic representation of ZGF between: (a) two graphene electrodes
(AGNR/ZGF/AGNR), (b) two boron-nitride electrodes (ABNNR/ZGF/ABNNR).

is reached. The Green’s function of the ZGF is expressed as



Gˆ C      i Iˆ  Hˆ C  ˆ L  ˆ R



1

the spin dependence conductance for the two systems of
electrodes (graphene and boron-nitride) and we report the
results in the next section. In the final section we shall
present a discussion accompanied by a comparison of the
results for the systems under study.

(2)

Where η is a positive infinitesimal and  R, L are the
selfenergy matrices due to the connection of left and right
electrodes to the channel. The effect of different semiinfinite electrodes on the Hamiltonian of system is
described using the self-energy terms. The selfenergys are
calculated iteratively too, and hopping integrals between
different atoms are extracted from Ref. [12].
The spin-dependent density of states and the expectation
value for the number operator of electron on each site of the
channel (ZGF) are given by
g i    

1
Im i Gˆ C   i


EF

RESULT AND DISCUSSION
Following the above procedure, we calculate the total
density of states (TDOS) per site for each spin subband in
N
the central region (ZGF), 1
g   , for both systems
NC

(3)



In the mean-field approximation, there is not a spin-flip
scattering or any other interactions. Therefore, the spinpolarized transport through such a junction can be
considered within the coherent regime. In the coherent
transport, the spin-dependent conductance at low
temperature can be written as
e2
(5)
G  Tr  G  G  


h

L

C

R

C

i 1

i

and the results are presented in Fig. 2. As shown for system
1 (Fig. 2a), the spin dependent electronic states are
completely separated into majority and minority electrons
around the Fermi energy and thus, one expects a high
degree of spin filtering. Despite separation of electronic
states into majority and minority spin states, the degree of
separation of the states with different spin orientation is
reduced in the presence of armchair-edge boron-nitride
electrodes, shown in Fig. 2b. This results in the reduction of
the spin filtering effect in system 2.
The results could be explained in terms of presence of
different electrodes in two systems. System 1 is fully based
on graphene while in system 2, we have boron-nitride
electrodes i.e. boron atoms are located near carbon atoms in
junctions (Fig. 1b). We may conclude that, the reduction in
spin property is due to the presence of boron atoms in
second system.
More explanation may be given in terms of the boron
atom’s electronic structure, in which outer valence electron

(4)

nˆ i,   g i  d



C

where, L, R , the coupling matrices can be expressed as
L , R  2 * Im L , R  for each system [6]. Within the above
framework we calculated the electronic density of states and
148
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(a)
(b)
Fig. 2. The total density of states (TDOS) per site for each spin subband in the central part of system: (a) System 1
(AGNR/ZGF/AGNR) and (b) System 2 (ABNNR/ZGF/ABNNR).

(a)
(b)
Fig. 3. Spin-dependent conductance at the central part of the systems: (a) System 1
(AGNR/ZGF/AGNR) and (b) System 2 (ABNNR/ZGF/ABNNR).

(a)
(b)
Fig. 4. Degree of spin polarization as a function of energy at the central part of system:
(a) System 1 (AGNR/ZGF/AGNR) and (b) System 2 (ABNNR/ZGF/ABNNR).
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occupies the 2p-orbital. Since the spin of this electron is
uncoupled, it chooses its orientation in opposite direction to
the spin of local edge magnetism to minimize the energy.
Thus the ground state of the system is in favor of lowering
total magnetization and lowering effective interaction of the
spin of carriers with local magnetism. Therefore, there is a
reduction in the total magnetism in system 2 and we less
subband separation compared to that of the system 1.
The spin dependent conductance G was also calculated
as a function of energy for both systems and the results are
shown in the Fig. 3. As expected, in system 1 (Fig. 3a),
there is a remarkably high conductance for one type of spin
(Gdown) of the carriers at the Fermi energy which is well
separated in energy from the other spin orientation (Gup).
Compared with system1, system 2, shown in Fig. 3b,
indicate a reduction in spin filtering property, which is in
accordance with the argument presented in above
paragraph.
The spin-filtering efficiency for each system P is the

system, we obtained remarkably high conductance for one
kind of spin orientation at the Femi energy which was well
separated in energy from the conductance channel for the
other spin orientation. However, our results show that
presence of boron-nitride electrodes in second system
reduces the spin filtering property. This is mainly due to the
presence of boron atoms and as a result the interaction of
the spin of valance electron of the boron atoms with the
magnetization of the zigzag-edge of the ZGF, resulting in
the reduction of total magnetization.

degree of spin polarization defined as P  G  G  * 100
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