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Using the tight-binding model approximation, this paper investigates theoretically spin-dependent quantum trans-

port through an Aharonov–Bohm (AB) interferometer. An external magnetic field is applied to produce the spin-

polarization and spin current. The AB interferometer, acting as a spin splitter, separates the opposite spin polarization

current. By adjusting the energy and the direction of the magnetic field, large spin-polarized current can be obtained.
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1. Introduction

Spin dependent transport through nanodevices
has been a subject of intense experimental and the-
oretical investigation.[1−5] It is of fundamental impor-
tance to study the mechanism to generate and con-
trol the spin-polarized currents in these spintronic
devices which has a potential applications in quan-
tum computing and information. However, because
of the large conductivity mismatch between the ferro-
magnet and the conductor, the efficiency of spin in-
jection through ideal ferromagnet/semiconductor in-
terfaces is very small. In order to obtain high spin
polarization (SP), a lot of nanodevices are investi-
gated. Wu et al [6] proposed an Aharonov–Bohm (AB)
ring structure with periodic magnetic modulation,
and predicted large spin polarized current. Another
method to obtain spin polarized current is the spin–
orbit coupling.[7,8] Using the effect of spin precessions
due to the spin–orbit coupling, Datta and Das studied
a sandwich structure spin-transistor.[9] Földi et al [10]

investigated the quantum interference and spin–orbit
interaction in a semiconductor ring with one input and
two output leads acted as a spin beam splitter.

Recently, Wang and Liang[11] investigated the
spin polarized transport through a T-shaped quan-
tum dot-array, SP can be modulated by adjusting the
direction of the magnetic field. In this paper, we pro-
pose an AB ring structure with two electrodes, the
magnetic field was applied on the certain quantum

dots, which is explained schematically in Fig.1. The
system is described in terms of discrete lattice sites.
The first magnetic field in the z direction is assumed
to be applied, without loss of generality, on site 0, and
the second magnetic field on the site 9 is along a di-
rection of angle θ with z axis. The angle between the
two magnetic field results in the spin-flip effect, which
is the mechanism generating the in the AB structure.
We remark that it is not necessary to apply the two
magnetic fields on the certain quantum dot. In this
model choosing the two quantum dots is only for the
convenience of analysis and it is easier in experiment
to superpose the magnetic fields on the two electrodes
of this AB structure.

Fig.1. The model of the AB ring spin splitter.

2. Model and formulae

The system is described by a tight-
binding Hamiltonian with the nearest-neighbour
approximation,[11,12]
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H =
8∑

n=1,σ

εnσa+
nσanσ + (ε0σ + σgµBB)a+

0σa0σ

+(ε9σ + σgµBB cos θ)a+
9σa9σ

+gµBB sin θ(a+
9σa9−σ + H.c.)

−
7∑

n=1,σ

(ta+
n+1σanσ + H.c.)− (ta+

1σa8σ + H.c.)

−(t′a+
0σa1σ + H.c.)− (t′a+

5σa9σ + H.c.)

+
∑

n≤−1,σ

εnσa+
nσanσ −

∑

n≤−2,σ

(ta+
n+1σanσ + H.c.)

+
∑

n≥10,σ

εnσa+
nσanσ −

∑

n≥10,σ

(ta+
n+1σanσ + H.c.)

−(VLa+
−1σa0σ + H.c.)− (VRa+

9σa10σ + H.c.). (1)

Here anσ(a+
nσ) denotes annihilation (creation) oper-

ator for electrons in the site n with energy εnσ and
spin σ, −σ denotes the opposite SP with respect to
σ. The Zeeman terms induced by the magnetic field
on the sites 0 and 9 result in spin flip, which is the
key mechanism of the spin-polarized transport in our
model. t is the spin independent hopping matrix, t′

is the imbalance of tunnel couplings between spin-up
and spin-down electrons due to the magnetic field, VL

and VR denote the tunnel couplings between the quan-
tum dots, on which the magnetic field are applied, and
corresponding infinite electrodes.

The eigensolutions of the Hamiltonian can be ob-
tained by solving the stationary Shrödinger equation
H|Ψ〉 = E|Ψ〉, which possesses a general solution of
the form

|Ψ〉 =
∞∑

n=−∞,σ

Cnσa+
nσ|0〉. (2)

Inserting Eq.(2) into the Shrödinger equation, we get

(E − εnσ)Cnσ + tCn−1σ + tCn+1σ = 0,

n ≤ −2, or n ≥ 11 or n = 2, 3, 4, 6, 7, 8, (3)

(E − ε−1σ)C−1σ + tC−2σ + VLC0σ = 0, (4)

(E − ε0σ − σgµBB)C0σ + VLC−1σ + t′C1σ = 0, (5)

(E − ε1σ)C1σ + t′C0σ + tC2σ + tC8σ = 0, (6)

(E − ε5σ)C5σ + tC4σ + tC6σ + t′C9σ = 0, (7)

(E − ε9σ − σgµBB cos θ)C9σ − σgµBB sin θC9−σ

+ t′C5σ + VRC10σ = 0, (8)

(E − ε10σ)C10σ + VRC9σ + tC11σ = 0. (9)

By assuming a plane wave with unity amplitude
and spin σ injected from the left electrode, we have

Cnσ = eikn + rσσ′e−ikn, n ≤ −1, (10)

and

Cnσ = tσσ′eikn, n ≥ 10, (11)

with rσσ′ and tσσ′ standing for the reflection and
transmission amplitudes respectively, k is the wave
vector. The lattice constant, in our model, is unity.
Eqs.(10) and (11) close the set of Eqs.(3)–(9) and al-
lows one to find a solution for rσσ′ and tσσ′ . The
transmission probability incoming from the left elec-
trode with spin state σ′ tunnelling through the right
electrode with spin state σ can be obtained

T (σσ′) =
1
2

VR

VL
|tσσ′ |2. (12)

With the help of the Landauer–Bütticker
formula,[13] the spin dependent conductance reads
Gσσ′ = (e2/h)T (σσ′).

3. Result and discussion

In our calculation, we set temperature to zero.
In fact, a finite temperature only makes the trans-
mission curve smoother and does not affect the main
features. The lattice constant is chosen as an unit of
length and t as the unit of energy. The onsite en-
ergy εnσ = 2t, t′ = 0.8t, the coupling parameters
VL = VR = 0.5t, and the magnetic field gµBB1 =
gµBB2 = t, respectively.[11]

We calculate the spin dependent conductance as
a function of Fermi energy with different angles of
the magnetic field, the results are indicated in Fig.2.
We can see from Fig.2 that in the presence of the ex-
ternal magnetic fields, the transmitted electrons split
into spin-up and spin-down components with differ-
ent spectra. When the two magnetic fields have the
same directions, see in Fig.2(a), the maximum of
the conductance for G↑↑ and G↓↓ is e2/h, but with
G↑↓ = G↓↑ = 0. The electrons tunnel through the
AB structure without spin flip scattering. Since the
potential symmetry results from the applied magnetic
field, the conductance for spin-up electrons with en-
ergy E is the same as that for spin-down ones with
the energy 4t − E. From the point of view of reso-
nance tunnelling through two barriers, parallel mag-
netic field directions mean that the two barrier heights
are the same, therefore the resonance tunnelling prob-
ability is unity, thus, the spin-dependent conductance
peak is e2/h.
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Fig.2. Spin dependent conductance as a function of the energy. Solid, dashed, dotted, and

dash-dotted lines corresponding to G↑↑, G↓↑, G↑↓, and G↓↓, respectively.

When the directions of the two magnetic field
are not parallel, the results are shown in Figs.2(b)
and 2(c). It is interesting to note that, in these
two cases, the conductance for G↑↓ and G↓↑ is not
zero, spin flip effect appears due to the term of
gµBB sin θ(a+

9σa9−σ + H.c.) in Eq.(1). This spin flip
term in Eq.(1) plays an important role, especially the
case that the second magnetic field is perpendicular
to the first one, in which G↑↓ (G↓↑) is larger than
0.6e2/h, results in a high spin flip effect.

In order to investigate the spin polarized cur-
rent, we plot SP in Fig.3 with different angles of the
magnetic field. The spin polarization can be defined
as[14] P = ((G↑↑ + G↑↓) − (G↓↓ + G↓↑))/G, where
G = G↑↑ + G↑↓ + G↓↓ + G↓↑. As a function of Fermi
energy, the SP experiences different sign. For exam-
ple, when the two magnetic fields have the same direc-
tions, see the solid line in Fig.3, SP oscillated from −1
to 1. In the spectra of SP, many energy windows are
opened which give SP. For a certain energy, E = 1.4t

for example, when the angle between the two mag-
netic fields varies from 0 to π/2, SP changes from −1
to 0.6. The SP can be modulated by adjusting the
magnetic field. When the second magnetic field is an-
tiparallel to the first one, the electrons for spin-up and
spin-down electrons have the same transmission prob-

abilities, see the dot-dashed line in Fig.3 and Fig.2(d),
the electrons transport through the structure without
SP and spin flip.

Fig.3. Spin polarization as a function of energy. The

solid, dashed, dotted, and dot-dashed curves correspond-

ing to θ = 0, π/4, π/2, and π, respectively.

In this work, the tight-binding model was only
carried out with a single channel, the multichan-
nel model can be obtained directly. It has been
shown that a multiple-channel scattering problem
can be decomposed into a set of uncoupled single-
channel problem.[15] The single-channel model has
been widely and successfully used in the study of var-
ious nanodevices.[16]
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4. Conclusion

In summary, we have investigated the spin depen-
dent electronic transport properties through an AB in-
terferometer with tight binding model approximation.
The spin polarized current is tunable by adjusting the
directions of the magnetic field. The spin current with
opposite SP can be generated. Large SP is predicted
and can be accessible with the applied magnetic field.

Acting as a spin splitter, the AB interferometer pro-
posed in this work can significantly enhance spin in-
jection efficiencies.

Note added. After the work was completed, we
noticed that almost the same AB structure has been
studied by Wang et al.[17] However, we investigated
the SP with different directions of the magnetic field,
which is the essential point in this work.
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[10] Földi P, Kálmán O, Benedict M G and Peeters F M 2006

Phys. Rev. B 73 155325

[11] Wang R and Liang J Q 2006 Phys. Rev. B 74 144302

[12] Xu H Q 2002 Phys. Rev. B 66 165305

[13] Datta S 1997 Electronic Transport in Mesoscopic System

(Cambridge: Cambrifge University Press)

[14] Zhai F and Xu H Q 2005 Phys. Rev. Lett. 94 246601

[15] Lee H W and Kim C S 2001 Phys. Rev. B 63 075306
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