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We study the electronic band structure, density distribution, and transport of a Bi2Se3 nanoribbon. We find that the
density distribution of the surface states is dependent on not only the shape and size of the transverse cross section of the
nanoribbon, but also the energy of the electron. We demonstrate that a transverse electric field can eliminate the coupling
between surface states on the walls of the nanoribbon, remove the gap of the surface states, and restore the quantum spin
Hall effects. In addition, we study the spin-dependent transport property of the surface states transmitting from top and
bottom surfaces (x–y plane) to the side surfaces (z–x plane) of a Bi2Se3 nanoribbon. We find that transverse electric fields
can open two surface channels for spin-up and -down Dirac electrons, and then switch off one channel for the spin-up Dirac
electron. Our results may provide a simple way for the design of a spin filter based on topological insulator nanostructures.
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1. Introduction
In recent years, a new class of materials called topo-

logical insulators (TIs) has generated a great deal of inter-
est, which are in a new quantum substance state originating
from spin–orbit coupling (SOC) characterized by spin polar-
ized helical boundary states.[1,2] TIs exhibit many new quan-
tum effects[3–12] and may be extensively used in spintronic de-
vices with high speed and low consumption as well as quan-
tum information processing. However, the above properties
can be realized only in an idealized situation. TI samples
occupy only a finite space in reality, and also have a va-
riety of shapes surrounded generally by a curved or folded
surface(s). Due to the up-to-date semiconductor technolo-
gies, high-quality Bi2Se3 thin films,[13,14] nanoribbons, and
nanowires[15–17] have been fabricated, which have stimulated
many theoretical works.[18–24] With the decrease of the films
thickness, the surface states on the top and bottom surfaces
couple together to produce a gap in the spectrum.[18] Sub-
sequently, this gap was experimentally observed by angle-
resolved photoemission spectroscopy,[25] and was found to
be tunable by a back gate in Sb2Te3 thin films.[26] Similarly,
Bi2Se3 nanoribbons and nanowires also exhibit a clear gap of
surface states in some nanometer scale size.[22,23] This mech-
anism, to open a gap in the surface electronic spectrum, is
spin-to-surface locking and mixing of the surface electronic
wave functions.[27] The gaps indicate that some properties of
the helical surface states are destroyed. For all that, with their

large surface-to-volume ratios, TI nanoribbons are expected
to significantly enhance surface conduction, and also enable
surface manipulation by external means. The reason is that it
has been difficult to modulate surface conduction because of
the dominant bulk contribution due to impurities and thermal
excitations in the small-band gap bulk material.[28,29] There-
fore, it is very important to remove the gap and restore the
quantum spin-Hall effect in a TI nanoribbon before its appli-
cations in nanoelectronics and spintronics. In addition, these
nanoribbons pose many interesting questions concerning the
properties of the surface states on the wall surfaces. For in-
stance, since there are four wall surfaces for a rectangular
prism-shaped nanoribbon, how do the spin-dependent surface
states couple and decouple each other at the four wall sur-
faces? The transport property of surface states between the
walls in the presence of electric fields is also a very interesting
problem. It is the purpose of this paper to report systematic
theoretical investigations of surface states in Bi2Se3 nanorib-
bons.

In this work, we study the band structure, surface-state
density distribution, and electronic transport of nanoribbons.
We find that a gap is opened by the coupling of the surface
states between the walls of the nanoribbon. We demonstrate
that an appropriate electric field can remove the coupling of
surface states, close the gap, and restore the quantum spin Hall
effects. We also find that the distribution of the surface states is
dependent on the shape and size of the transverse cross section,
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and the energy of the electron. In addition, we study the spin-
dependent transport property of the surface states transmitting
from top and bottom surfaces (x–y plane) to left and right side
surfaces (z–x plane) of a Bi2Se3 nanoribbon. We demonstrate
that the transverse electric field Ey can switch on/off the charge
channels of surface states in the nanoribbon. When the chan-
nels are just switched on by the electric field Ey, both spin-up
and -down electrons can pass through the channels. However,
with the increase of the electric field, only spin-down electrons
of the surface states can pass through nanoribbon. Unlike in
a conventional spin transistor, the spin filtering effect does not
rely on a tunable Rashba SOC, but on the energy dependence
of the edge state.

2. Theoretical method
In our analysis, we use an effective four-band model[30]

that depicts low-energy physics of three-dimensional (3D) TI
materials like Bi2Se3 centered around the Γ -point in the Bril-
louin zone, and the Hamiltonian is given by

H3D =


εk +M(k) −iA1∂z 0 A2k−
−iA1∂z εk−M(k) A2k− 0

0 A2k+ εk +M(k) iA1∂z
A2k+ 0 iA1∂z εk−M(k)

 , (1)

where εk = C−D1∂ 2
z + D2(k2

x − ∂ 2
y ), M(k) = M + B1∂ 2

z −
B2(k2

x − ∂ 2
y ), and k± = kx± ∂y. The parameters in the model

have been obtained by fitting the Bi2Se3 band structure from
first-principles calculation:[30] C = −6.8 × 10−3 eV, M =

0.28 eV, A1 = 2.2 eV·Å, A2 = 4.1 eV·Å, B1 = 10 eV·Å2,
B2 = 56.6 eV·Å2, D1 = 1.3 eV·Å2, and D2 = 19.6 eV·Å2. In
the presence of an external electric field Ez (or Ey) along the z
(or y) direction, the total Hamiltonian is

H = H3D +V, (2)

where V = eε0/(ε0+εr)Ez ·𝑧=e𝐸z ·𝑧 or V = eε0/(ε0+εr)Ey ·
𝑦=e𝐸y · 𝑦 is a potential energy induced by electric field Ez

along the z direction or Ey along the y direction respectively,
𝐸z and 𝐸y are two effective electric fields which are respec-
tively produced by Ez and Ey in the nanoribbon with dielec-
tric constant εr, ε0=1 for the air environment. For a Bi2Se3

nanoribbon with a rectangular cross section, the total envelope
function can be written in the form

ψ(x,y,z) = eikxx
∑
m,n

χm,nφm(z)φn(y). (3)

Here χm,n is a 4×1 matrix, φm(z) =
√

2/Lz sin mπ

Lz
(z+Lz/2),

and φn(y) =
√

2/Ly sin nπ

Ly
(y+Ly/2), where Lz and Ly are the

thickness and width of the nanoribbon, and n,m = 1,2, . . . ,N.
The number N here must be large enough to obtain a conver-
gent numerical result. Using the above envelope function (3),

we can derive the matrix elements of the Hamiltonian, and ob-
tain the band structure and wave functions of the system. Then
we are able to study the spin-polarized electron transport of the
nanoribbon using a transfer matrix approach.[31,32]

3. Results and discussion
In what follows, we present some numerical results for

a rectangular-prism shaped Bi2Se3 nanoribbon. Figure 1(a)
shows the electronic band structure of the Bi2Se3 nanoribbon
with Lz = Ly = 10 nm in the absence of an electric field. The
surface states open a gap εg due to the effect of finite size, such
as the coupling between the surface states on the walls surface.
In order to remove the gap, we apply a transverse electric field
to modulate the SOC in the nanoribbon, and remove the cou-
pling between the surface states. In Figs. 1(b) and 1(c), we
plotted the band structures of the nanoribbon in the presence
of electric fields Ez = 3.75×107 V/m and Ey = 2.7×107 V/m,
respectively. The two figures show that the energy gap is re-
moved by a sufficient high transverse electric field Ez or Ey,
while the gap can be more easily removed by Ey than Ez. The
reason is that Ey and Ez break the spatial-inversion symmetry
along the y and z directions, respectively, which results in a
difference of SOC in the Bi2Se3 crystal with an anisotropic
lattice structure.

In addition, all electron states are split into doublets due
to the Rashba spin–orbit interaction induced by the transverse
electric field. Figure 1(d) shows the gap εg as a function of Lz

(where Lz = Ly) for a Bi2Se3 nanoribbon without an electric
field. The εg decreases with the increase of Lz. Particularly,
at the value of Lz = 58 nm, the gap εg closes. The inset of
Fig. 1(d) shows the gap εg as a function of an electric field Ez

or Ey for the nanoribbon with Ly = Lz = 10 nm. The two trans-
verse electric fields can change the energy gap of the nanorib-
bon. With the increases of Ez or Ey, the gap εg decreases, and
can be removed when these electric fields are sufficiently high.
We also note that the gap can be more easily removed by Ey

than Ez due to the Bi2Se3 crystal with anisotropic lattice struc-
ture. When the electric fields further increase, the gaps can
be reopened as a result of the interaction between the intrinsic
SOC in the nanoribbon and the extrinsic Rashba SOC.

Now, we investigate the density distributions of the low-
est electron states marked with a number n = 1 (blue solid
line in Fig. 1) in prism-shaped nanoribbons without an elec-
tric field. Figure 2 shows that the density distributions
|ψ↑↓(kx↓,↑,z,y)|2n=1 of a Bi2Se3 nanoribbon with Lz = Ly = 5,
7, 10, 20, 40, 60, 80, and 100 nm, respectively. Here we set the
spin-up and -down wave vectors kx↓,↑ = 108 m−1. We find that
the densities |ψ↑↓(kx↓,↑,z,y)|2n=1 distribute at the center of the
nanoribbon when the acreage of the transverse cross section of
the nanoribbon is sufficiently small, such as Lz = Ly = 5 nm.
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Fig. 1. (color online) Energy band structure for a Bi2Se3 nanoribbon with Ly = Lz=10 nm under an electric field with strength (a) 0, (b)
Ez = 3.75×107 V/m, and (c) Ey = 2.7×107 V/m. (d) The band gap εg as a function of Lz (Lz = Ly). The inset shows εg vs Ey (black dotted
line) and Ez (red dash line). Spin-up and -down surface states are marked with up and down red arrows in panels (b) and (c), respectively.
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Fig. 2. (color online) Contour plot of the density distributions |ψ↑↓(k,z,y)|2n=1 of the electron states (n = 1) for square cross sections of Bi2Se3
nanoribbons with Lz = Ly = (a) 5, (b) 7, (c) 10, (d) 20, (e) 40, (f) 60, (g) 80, and (h) 100 nm. ↑ and ↓ stand for spin-up and -down surface states,
respectively.
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It indicates that the nanoribbon is not a TI but a semicon-
ductor. With the increase of the acreage of the transverse cross
section, the densities |ψ↑↓(kx↑,↓,z,y)|2n=1 gradually shift from
center to surfaces, and gradually gather at both the top and bot-
tom surfaces (x–y planes) as shown in Figs. 2(a)–2(d). With
further increasing the acreage of the transverse cross section,
the densities |ψ↑(kx↑,z,y)|2n=1 and |ψ↓(kx↓,z,y)|2n=1 gradually
gather themselves to the opposite two pair arris of the nanorib-
bon, respectively. Figures 2(d)–2(h) show that the wave func-
tion of the spin-up and -down surface states are gradually
separated. When the transverse cross-section of the nanorib-
bon is large enough, such as Lz = Ly = 60 nm, the densities
|ψ↑↓(kx↓,↑,z,y)|2 almost locate at the opposite two pair arris
of the nanoribbon. Such a spatial separation suppresses back
scattering by minimizing the coupling between spin-up and
spin-down electron states, which exhibits the property of 3D
TI helical surface states.[33]

In Fig. 3, we plot the density distributions of the spin-
up and -down electron states marked with n = −1 (green

solid line in Fig. 1) in prism-shaped nanoribbons. We also

set the spin-up and -down wave vectors kx↓,↑ = 108 m−1.

When the acreage of the transverse cross section is suf-

ficiently small, the densities |ψ↑↓(kx↓,↑,z,y)|2n=−1 distribute

at the center of the nanoribbon, the same as the densities

|ψ↑↓(kx↓,↑,z,y)|2n=1. With the increase of Ly and Lz, the densi-

ties |ψ↑↓(kx↑,↓,z,y)|2n=−1 also shift from center to side surfaces.

But the densities |ψ↑(kx↑,z,y)|2n=−1 only gradually gather at

the left wall surface (z–x plane) of the nanoribbon, and the den-

sities |ψ↓(kx↓,z,y)|2n=−1 only gradually gather at the right wall

surface (z–x plane) of the nanoribbon, as shown in Figs. 3(b)–

3(h), indicating that the wave function of the spin-up and -

down surface states are completely separated, which means

the densities |ψ↑(kx↑,z,y)|2n=−1 and |ψ↓(kx↓,z,y)|2n=−1 are eas-

ier to be separated than the densities |ψ↑(kx↑,z,y)|2n=1 and

|ψ↓(kx↓,z,y)|2n=1 in a nanoribbon. So appropriate Fermi en-

ergy is necessary for electrons in nanoribbons to exhibit the

helical property of TI surface states.
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Fig. 3. (color online) Contour plot of the density distributions |ψ↑↓(k,z,y)|2n=−1 of the electron states (n = −1) for square cross sections of
Bi2Se3 nanoribbons with Lz = Ly = (a) 5, (b) 7, (c) 10, (d) 20, (e) 40, (f) 60, (g) 80, and (h) 100 nm, respectively.
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We also plot the density distributions of nanoribbons with
a rectangular cross section in Figs. 4 and 5. We set the nanorib-
bon with a fixed thickness Lz = 10 nm and different widths
Ly = 4, 8, 22, 50, 60, 80, 90, and 120 nm in both figures.
In addition, we also set the spin-up and -down wave vectors
kx↓,↑ = 108 m−1. Firstly, we analyze the density distributions
|ψ↑↓(kx↓,↑,z,y)|2n=1 shown in Fig. 4. When Ly is sufficiently
small, such as 4 nm, the densities |ψ↑↓(kx↓,↑,z,y)|2n=1 distribute
at the center of the nanoribbon. With the increase of the width
Ly, the densities gradually shift from the center to the top

and bottom wall surfaces (x–y plane). We also find that most
of the densities |ψ↑(kx↑,z,y)|2n=1 and |ψ↓(kx↓,z,y)|2n=1 gradu-
ally gather at both top and bottom surfaces, and the spin-up
and -down surface states overlap each other at the two sur-
faces. When Ly = 50 nm, the densities |ψ↑(kx↑,z,y)|2n=1 and
|ψ↓(kx↓,z,y)|2n=1 are completely separated, and respectively
distribute at bottom and top wall surfaces. Further increas-
ing the width Ly, the separation alternates with the overlap
of the spin-up and -down densities |ψ↑↓(kx↓,↑,z,y)|2n=1 (see
Figs. 4(e)–4(h)).
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Fig. 4. (color online) Contour plot of the density distributions |ψ↑↓(k,z,y)|2n=1 for rectangular cross sections of Bi2Se3 nanoribbons with
Lz = 10 nm and Ly = (a) 4, (b) 8, (c) 22, (d) 50, (e) 60, (f) 80, (g) 90, and (h) 120 nm, respectively.

Secondly, we discuss the densities distribution of the
electron states marked with n = −1 (or below the Dirac
cone) of the nanoribbon, as shown in Fig. 5. When the
width Ly is sufficiently small, the densities |ψ↑(kx↑,z,y)|2n=−1
and |ψ↓(kx↓,z,y)|2n=−1 also distribute at the center of the
nanoribbon. With the increase of the width Ly, the densities
|ψ↑(kx↑,z,y)|2n=−1 and |ψ↓(kx↓,z,y)|2n=−1 gradually shift from
center to the left and right side surface (z–x plane), respec-
tively. So the coupling between the spin-up and -down elec-
tron states marked with n = −1 gradually decrease. When

the width Ly is large enough, the density |ψ↑(kx↑,z,y)|2n=−1
only gathers at the left side surface, and the other den-
sity |ψ↓(kx↓,z,y)|2n=−1 only gathers at the right side surface.
Therefore, the spin-up density |ψ↑(kx↑,z,y)|2n=−1 and spin-
down density |ψ↓(kx↓,z,y)|2n=−1 are completely separated in
the naroribbon with a large width (see Figs. 5(d)–5(h)), indi-
cating that there is no coupling between the spin-up and -down
electron states marked with n = −1. In addition, these elec-
tron states exhibit the properties of the two-dimensional TI,
the same as the edge states in HgTe/CdTe quantum well.
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In order to understand the effect of the transverse elec-
tric field on the electron states marked with n = 1, we firstly
plot the densities |ψ↑↓(kx↓,↑,z,y)|2n=1 (where kx↓,↑ ≥ 0 and the
electron energy ε = 90 meV) of a nanoribbon with Lz = Ly =

10 nm under a transverse electric field Ez = 1× 107, 2× 107,
3.75× 107, and 5× 107 V/m, respectively. The electric field
Ez along the z direction is applied perpendicularly to both the
top and bottom wall surface (x–y plane). In addition, we set
the electronic energy ε = 90 meV, which is just in the gap
as shown in Fig. 1(a), indicating that there is no electronic
state without an external electric field. So the transverse elec-
tric field Ez is necessary to stimulate electron states at the en-
ergy. We plot the densities |ψ↑↓(kx↓,↑,z,y)|2n=1 of the states
stimulated by an electric field Ez = 107 V/m in Fig. 6(a).
One can see that |ψ↑(kx↑,z,y)|2n=1 mainly distributes at the
top wall surface (x–y plane), and there is a small quantity of
distributions of the density at the other three wall surfaces,
while |ψ↓(kx↓,z,y)|2n=1 almost locates at the bottom wall sur-
face (x–y plane). The dissymmetrical distribution between
|ψ↑(kx↑,z,y)|2n=1 and |ψ↓(kx↓,z,y)|2n=1 at the wall surfaces of
the nanoribbon is due to the Rashba spin splitting. With the in-
crease of the electric field, the density |ψ↑(kx↑,z,y)|2n=1 grad-

ually gathers at the top wall surface, while |ψ↓(kx↓,z,y)|2n=1
still gathers at the bottom wall surface (see Figs. 6(a)–(6c)),
which indicates that the wave functions of spin-up and spin-
down surface states are gradually separated. When Ez =

3.75×107 V/m, the gap is removed as shown in Fig. 1(b), and
the densities |ψ↑(kx↑,z,y)|2n=1 and |ψ↓(kx↓,z,y)|2n=1 are com-
pletely separated and respectively distribute at the top and bot-
tom wall surfaces.

Further increasing the electric field, both the densities
|ψ↑(kx↑,z,y)|2n=1 and |ψ↓(kx↓,z,y)|2n=1 distribute at the bottom
surface, as shown in Fig. 6(d). Physically, this distinct behav-
ior can be understood as the combined effect of the two forces
which act on electrons: one is the SOC force and the other is
the electric field one.[32] The directions between the two forces
acting on spin-up electrons are opposite, while the two forces
act on the spin-down electrons with the same direction (along
−z direction). Therefore, with the increase of the electric field,
the electric field force gradually increases. When the force is
larger than the SOC one, the density |ψ↑(kx↑,z,y)|2n=1 shifts
from the top wall surface to the bottom wall surface. The den-
sity |ψ↓(kx↓,z,y)|2n=1 still stays at the bottom surface due to
the two forces acting on the spin-down electrons along the −z
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direction.
We also plot the density distribution |ψ↑↓(k,z,y)|2n=1 of

the nanoribbon in the presence of the electric field Ey in the
lower panel of Fig. 6. The parameters of the nanoribbon are
the same as those of the upper panel of the figure. When Ey =

1× 107 V/m, the densities |ψ↑(k,z,y)|2n=1 and |ψ↓(k,z,y)|2n=1
mainly distribute at the left and right side surface (z–x plane),
respectively. A small quantity of densities |ψ↑(k,z,y)|2n=1 and
|ψ↓(k,z,y)|2n=1 distribute at the other three wall surfaces, re-

spectively. With the increase of the electric field Ey, the densi-
ties |ψ↑(k,z,y)|2n=1 and |ψ↓(k,z,y)|2n=1 gradually gather at the
left and right side surfaces, respectively. When Ey = 2.7×107

V/m, the gap closes, and the density |ψ↑↓(k,z,y)|2n=1 only dis-
tributes at the left or right side surface, as shown in Fig. 6(g),
which indicates that electron states change into helical surface
states. Further increasing of the electric field, the gap reopens
and a small quantity of densities redistribute at other surfaces
(see Fig. 6(h)).
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Fig. 6. (color online) Contour plots of the density distributions |ψ↑↓(k,z,y)|2n=1 for a rectangular cross section of a Bi2Se3 nanoribbon under
different electric fields at ε = 90 meV. On the upper panel, Ez = (a) 1× 107, (b) 2× 107, (c) 3.75× 107, and (d) 5× 107 V/m. On the lower
panel, Ey = (e) 1×107, (f) 2×107, (g) 2.7×107, and (h) 3×107 V/m.

Finally, we investigate the transport property of a prism-
shaped nanoribbon with Lz = Ly = 10 nm under the control
of electric fields Ez and Ey, as shown in Fig. 7(a). In order
to open the surface channels and provide spin-up and -down
Dirac surface states being respectively distributed on top and
bottom wall surfaces in two electrodes of the nanoribbon, a
fixed electric field Ez along the z direction is applied perpen-
dicularly to the two electrodes. At the same time, a turnable
electric field Ey along the y direction is applied perpendicu-
larly to the side wall surfaces of the nanoribbon. The field
Ey can adjust the energy gap of the nanoribbon and switch
on/off the channels of surface states. We first set the elec-

tronic energy ε = 90 meV, which is just in the gap, indicating
that there is no electron state in the nanoribbon without an
electric field. We plot the spin-dependent conductances as a
function of the transverse electric field Ey in Fig. 7(b), where,
Gtotal = G↓↓+G↑↓+G↑↑+G↓↑ is the total conductance of the
system, and the spin-dependent conductance Gσσ ′ is the con-
ductance of electrons injected with spin σ and scattered into
states with spin σ ′. With the increase of the Ey, the energy gap
decreases. The channels for spin-up and -down electrons is
switched on at Ey = 2×106 V/m, where e2/h<Gtotal < 2e2/h.
Further increasing of the electric field Ey, the Gtotal gradu-
ally decreases and tends to 1, while G↓↓ almost remains un-
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changed, G↓↓ ≈ 1. In particular, when Ey > 1.5× 107 V/m,
Gtotal = G↓↓ and all other conductances G↑↓, G↑↑, and G↓↑ are
zero, indicating that the channel for the spin-up surface state
closes and the one for the spin-down surface state is still open.
The reasons are as follows. With the increase of electric field
Ey, the stimulated electronic states gradually turn into helical
surface states, as shown in Fig. 6(e)–6(h). The reflection and
refraction behaviors of the Dirac electron at the interface be-
tween the x–y plane (top and bottom wall surfaces of the left
electrode) and the z–x plane (side wall surfaces of the nanorib-
bon) are similar to optics.[34] Due to the Rashba SOC, the
difference of wave vectors between the left electrode and the
nanoribbon may result in reflection and refraction. The spin-
up wave vectors of the x–y plane in the two electrodes of the
nanoribbon are always much larger than those of the z–x plane
in the nanoribbon when Ey < 2.7× 107 V/m at ε = 90 meV,
as shown in Figs. 2(b) and 2(c). So the phenomenon of total
reflection happens easily at the interface between the left elec-
trode and the nanoribbon for spin-up Dirac electrons. That is
to say, the spin-up Dirac electrons can be completely blocked
when the difference of the vectors between the left electrode

and the nanoribbon is large enough by modulation of an ap-
propriate electric field Ey. However, the values of the spin-
down wave vectors in the electrode and the nanoribbon are
very close, as shown in Figs. 2(b) and 2(c). Therefore, almost
all the spin-down Dirac electrons always penetrate the system,
but all the spin-up Dirac electrons are always blocked under an
appropriate electric field. We also plot the conductance Gtotal

at two other fixed energies ε = 92 and 95 meV, which are not
in the gap, indicating that there are electron states at the two
electron energies. So the charges channels are switched on
when Ey = 0, as shown in Fig. 6(c). In addition, a similar phe-
nomenon happens for the electron at the energy ε = 92 and
95 meV. With increase of the field Ey, Gtotal first increase and
then reduce to e2/h, indicating that the spin-up electrons are
also blocked and only the channel for spin-down electrons is
still open. So the spin polarization can be 100% by modulat-
ing the Ey in the system. The spin filtering effect does not rely
on a tunable Rashba SOC, but on the energy of the edge state,
which is similar to the spin switching in a constriction made
of the topological insulator mercury telluride (HgTe).[35]
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Fig. 7. (color online) (a) Schematic of the nanoribbon. A fixed electric field Ez is perpendicular to the two ends of the nanoribbon, and a
turnable electric field Ey is perpendicular to the intermediate section of the nanoribbon. (b) The conductances of the Bi2Se3 nanoribbon as a
function of Ey at ε = 90 meV. (c) Gtotal of the nanoribbon as a function of Ey at ε = 90, 92, and 95 meV, respectively.

4. Conclusion
We have studied the band structure, electronic density dis-

tribution, and electronic transport for a Bi2Se3 nanoribbon.
We have found that the electric field can eliminate the cou-

pling between surface states in the walls of the nanoribbon,

remove the gap of the surface states, and restore the quan-

tum spin Hall effects. We demonstrated that the distribution

of the electron states is dependent on the shape and size of
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the transverse cross section of the nanoribbon, and the energy
of the electron. The surface states can exhibit properties of
two-dimensional TI when the energy of the Dirac electron is
below the Dirac cone or under an appropriate electric field. In
addition, we have studied the spin-dependent transport prop-
erty of the surface states transmitting from top and bottom sur-
faces (x–y plane) to the side surfaces (z–x plane) of a Bi2Se3

nanoribbon. We have found that the Dirac electrons can ex-
hibit the properties of photons under the modulation of an elec-
tric field. We have demonstrated that a transverse electric field
can open two surface channels for spin-up and -down Dirac
electrons, and switch off one of them for the Dirac electron
with one spin orientation. Our results may provide a simple
way for the design of a spin filter based on topological insula-
tor nanostructures.
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