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Inspired by recent progress of experimental fabrication of carbon structure �Borrnert et al., Phys.
Rev. B 81, 085439 �2010��, we proposed a scheme to generate spin-polarized current based on an
all-carbon system consisting of carbon nanotube and chain. The transmission spectra are calculated
based on density functional theory combined with nonequilibrium Green’s function method. It is
found that the spin-polarized current can be achieved in the proposed system by partial contact
between nanotube and chain, without using the dopants, ferromagnetic electrodes, and external
electric field. Moreover, our results show that the device containing carbon nanotubes with large
length and diameter can produce the current with 100% spin polarization, which is essential for
spintronic devices. Physical mechanisms and the comparison with the results of graphene are also
discussed. © 2010 American Institute of Physics. �doi:10.1063/1.3510537�

I. INTRODUCTION

Spintronics is a promising field for information process-
ing, storage and many other applications, and in recent years,
much effort has been devoted into it.1–5 One of the key points
in this area is the manipulation of the spin polarization of
current. Due to the novel electronic structure and transport
properties, single walled carbon nanotubes �SWCNTs� were
found to be one of the promising candidates to satisfy this
demand.6–10 Up to now, there are in general three kinds of
methods to achieve the spin polarization of current using
SWCNTs, i.e., atomic or molecular doping,11–15 connection
with ferromagnetic �FM� electrodes,8,16,17 and applying an
external electric field.11,18–20 However, these approaches are
still challenging when the SWCNTs are integrated into the
electronic circuit.

Recently, Sahin and Senger21 proposed an all-carbon
structure, i.e., graphene flakes contacted with electrode of
carbon chain to produce the spin-polarized current. As is
well known, finite-length open-ended SWCNTs can be con-
sidered as being rolled up from finite-length graphene nan-
oribbons �GNRs�. The magnetisms of SWCNTs have been
studied before11,22–27 and it has been found that spin polar-
izations mainly occur at the edges. More interesting, these
nanotubes exhibit half-metallic behavior by applying a lim-
ited range of external electric field.11,19 On the other hand,
Börrnert et al.28 recently have made a breakthrough in pre-
paring stable junctions between an SWCNT and a carbon
atomic chain.29 Then, we will naturally ask: can we avoid the
use of the external electric field and explore these spin states
with asymmetric contact method to manipulate the spin po-
larization of current? In the following, we will demonstrate
that it is possible, but in a different mechanism.

For the graphene flake, the formation of spin-ordered
edge-localized states along the zigzag edges is the key
mechanism to generate the spin-polarized currents.21 Previ-
ous studies showed that finite-length zigzag nanotubes also

have localized states at the edges.19,30 In order to preserve
these edge states and compare them with those of the
graphene flake, we restrict ourselves to study zigzag nano-
tubes with different lengths and diameters. The paper is or-
ganized as follows: in Sec. II, we present our calculation
methods. Geometrical structures, transport properties, and
discussions, including the comparison with previous work
are reported in Sec. III. At last, concluding remarks are given
out in Sec. IV.

II. CALCULATION METHODS

In present calculations, we use the carbon linear atomic
chains as electrodes to strip off complications that may arise
from electrode-tube interactions.21 These chains are good
candidates since they are metallic, and can make good con-
tact with carbon nanotubes, and have atomically sharp tips.21

More importantly, the whole system consists of carbon atoms
only. The bond length in the linear chain is chosen as 1.27
Å.31 Our calculations were carried out using the ATOMISTIX

TOOLKIT package,32,33 which is based on the combination of
density functional theory �DFT� and nonequilibrium Green’s
function method. We used the mesh cutoff energy of 150 Ry,
and 1�1�50 k-point mesh in the Monkhorst–Pack
scheme.34 The Perdew–Burke–Eenzerhof35 formulation of
the generalized gradient approximation to the exchange-
correlation functional was used. The double-zeta polarized
basis set of local numerical orbitals was employed in all our
calculations. The supercell with sufficient vacuum spaces
�more than 10 Å� was chosen to prevent the interactions with
adjacent images. To mimic the actual situation, the positions
of all atoms and the distance between electrodes and the tube
have been fully relaxed before the transport calculations. For
the sake of clarity, the lengths of �n, 0� nanotubes are defined
according to the number of carbon atoms along the tube axis,
for example, L4, L6, etc.11a�Electronic mail: xhyan@nuaa.edu.cn.
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III. RESULTS AND DISCUSSIONS

We considered the two-probe geometry of carbon chain
and nanotube with different diameter and length. The carbon
nanotube under consideration with the minimum diameter is
�6, 0� nanotube. The main reason why we choose �6, 0� tube
is that the circumferential length is nearly the same as the
width of graphene flake studied in Ref. 21. It will be very
convenient to compare our results with those of graphene
flakes. Figure 1 shows the atomic structure of L4-�6, 0�
nanotube. It is a finite segment of �6, 0� nanotubes with 48
carbon atoms. Two ends of it are both zigzag patterns of
carbon atoms. As the generations of spin-polarized currents
are mainly related to electronic structures, the spin charge
density magnetizations �i.e., up-spin charge density minus
down-spin charge density� of our finite tube was shown in
Fig. 1 �for clarity, balls for atoms were not shown�. One can

see that, the magnetic charge density is mainly localized at
the edge atoms. Also, the magnitudes of the density rapidly
decay from the edge to the center of nanotube and become
nearly zero in the middle region. So, the magnetic moments
are actually arisen from zigzag edges, which is consistent
with previous studies.11 Based on the Mulliken analysis, we
can obtain the magnetic moment of each atom, which can be
regarded as another expression of spin charge density mag-
netization. The moments of carbon atoms in the zigzag edge
rings are 0.721 �B. From the edges to the middle, the cor-
responding values of the second, third and fourth inner zig-
zag rings are 0.023 �B, 0.078 �B, and 0.011 �B, respec-
tively.

Now, we consider the L4-�6, 0� nanotube connected par-
tially with atomic chains. We will discuss the spin-dependent
transmission spectra and restrict our discussions to the con-
dition of zero bias. For carbon chain and finite tube, there are
six possible contact geometries for �6, 0� tube while only
four are independent due to the symmetry, shown in Figs.
2�a�–2�d�. In order to investigate the effect of electrode ma-
terials on transport properties, the spectrum of gold elec-
trodes is also shown in Fig. 2�e� for comparison. From the
results, one can see all transmission spectra are spin asym-
metric. As for up-spin, the obvious difference among three
cases can be found around the Fermi energy. In Figs. 2�a�
and 2�d�, there is one wide peak at �0.5 eV �denoted by ��,
but in Figs. 2�b� and 2�c�, it becomes a dip �denoted by ���.
Through the transmission eigenchannel analysis, we found
the depressions of one of two eigenchannels result in the dips

FIG. 1. �Color online� Geometry and spin charge density magnetization
��↑−�↓, the isovalue is 8.69�10−2 e /Å3� of L4-�6, 0� nanotube. Red �dark�
and blue �light� represent positive and negative value, respectively. �Note
that negative part is very small.�

-1.0

-0.5

0.0

0.5

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

-1.0

-0.5

0.0

0.5

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

-1.0

-0.5

0.0

0.5

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

-1.0

-0.5

0.0

0.5

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

-1.0

-0.5

0.0

0.5

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

α'

Up-spin
Down-spin

Up-spin
Down-spin

Up-spin
Down-spin

E
ne
rg
y
(e
V
)

Up-spin
Down-spin

Transmission

(f)(e)

α'α

(a) (b)

(d)

Up-spin
Down-spin

(c)

α

FIG. 2. �Color online� Spin-dependent transmission
spectra of bare L4-�6, 0� nanotubes with four contact
configurations with the leads, �a�, �b�, �c�, and �d�. �e�
The lead in �a� is replaced by gold leads for up-spin
�solid and black line� and down-spin �dashed and red
line�. �f� Schematic figure of graphene flake contacted
with leads. �red/up arrow: up-spin and blue/down ar-
row: down-spin�.
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in �a� and �c� �from �a� to �d�, the transmission eigenvalues of
such an eigenchannel are 0.9988, 0.008852, 0.01140, and
0.9635, respectively�. Moreover, we would like to empha-
sized that for the case of the gold lead �Fig. 2�e��, the low
transmission at �0.5 eV is due to the weak coupling between
carbon nanotube and gold electrodes.21 For down-spin, many
transmission peaks are present around 0.6 eV and one or two
peaks are around �0.5 eV. At the Fermi energy, they exhibit
similar behavior. Moreover, the asymmetric features of trans-
mission spectra exist even when the electrode is replaced by
the gold wire. However, the transmission peaks are much
fewer and narrower. Actually, these changes are due to the
weak coupling between carbon nanotube and gold
electrodes.21

Very interesting, when the edges of nanotube are satu-
rated by hydrogen atoms, the situation is quite different. As
shown in Figs. 3�a�–3�e�, all spectra mentioned above be-
come almost spin symmetric, although there are still some
minor differences between up-spin and down-spin ones. In
order to shed light on physical mechanism behind such a
hydrogenation-induced-transition, we take the configuration
in Figs. 2�a� and 3�a� as an example to demonstrate it. Figure
4 shows the spin charge density magnetizations for both bare
and hydrogenated systems. For the bare one shown in Fig.
4�a�, compared with the isolated tube �see Fig. 1�, strong
magnetization still exists, but the symmetry around the tube
axis vanishes, especially at the contacts between electrodes
and the tube, where the up-spin density was weakened while
the down-spin one was enhanced. Due to the magnetization

and its asymmetric distribution, the scattering rates of trans-
mitted electrons become spin asymmetric. Such behavior has
been studied before in GNRs,36 which indicates that symme-
try plays an important role in the transport properties. After
the tube was hydrogenated, the magnetization becomes very
weak. The isovalue in Fig. 4�b� is 1.231�10−3 e /Å3, which
is only one-tenth of that for the bare one in Fig. 4�a�. For
different spin electrons, the scattering are almost the same,
and only some minor differences were induced by such a
weak magnetization. One point should be noted that, the
hydrogenation-induced-transition of transmission spectra
from spin polarized to nonpolarized also takes place in the
system with Au electrodes, which implies such a transition is
an intrinsic feature of carbon nanotubes.
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FIG. 3. �Color online� ��a�–�e�� The same as Figs.
2�a�–2�e� except that the nanotube is hydrogenated. �f�
Spin-dependent transmission spectrum of L4-�6, 0� tube
with uniformly contacted electrodes.
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FIG. 4. �Color online� Geometry and spin charge density magnetization
��↑−�↓� of bare �a� and hydrogenated and �b� L4-�6, 0� nanotubes contacted
with carbon linear chains. Red �dark� and blue �light� represent positive and
negative values, respectively. The isovalue of each plotted isosurface is f
�10−3, in units of e /Å3.
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In order to further demonstrate the partial contact is the
key point to break spin symmetry, we carried out parallel
calculations for L4-�6, 0� tube with uniformly contacted elec-
trodes �contacted with 6 carbon chains at each edge�. Its
transmission spectrum is spin symmetric �see Fig. 3�f��, con-
firming our conclusions. In addition, compared with thinner
electrodes, transmission probabilities of electrons for uni-
form contact are much higher. This is due to the increased
number of conduction channels induced by wider electrodes.

From above results, we conclude that, spin-polarized
currents can easily be achieved by the bare finite zigzag tube
partially contacted with carbon chain electrodes. Some addi-
tional calculations for bare tubes with various lengths, diam-
eters and connection configurations were also performed �the
results are not shown�, and we got the same conclusion. Al-
though spin-polarized currents can be achieved by bare
tubes, but the DFT calculations predict that hydrogenated
tubes are more stable. The high stability will be important
and essential for practical applications. Hence, we next will

search for possible ways to obtain spin-polarized currents in
hydrogenated nanotubes by changing the size of nanotubes.

As the transmission spectrum of hydrogenated L4-�6, 0�
tube has been proved to be spin symmetric, we will turn to
the tubes with different lengths and diameters. We next dis-
cuss the effect of tube length on the transmission spectrum
shown in Fig. 5. When the hydrogenated tube becomes
longer, a separation of up-spin and down-spin spectra be-
comes clearer and clearer. Although hydrogenation will in-
duce spin depolarization, even almost nonpolarization for
L4-�6, 0� tube, this effect becomes weaker as the tube be-
comes longer. A good benefit brought from the spin separa-
tion is that, in some energy regions, especially around the
Fermi energy, a complete spin polarization of the spectrum
can be obtained. In order to show it more clearly, we plot the
energy-dependent relative spin polarization of the transmis-
sion probabilities,21 �Tup−Tdown� / �Tup+Tdown�, in Fig. 6. It is
another view of Fig. 5. For hydrogenated L8-�6, 0� �Fig.
5�c�� and L10-�6, 0� �Fig. 5�d�� tubes, complete polarizations
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FIG. 5. �Color online� Spin-dependent transmission
spectra of hydrogenated Lx-�6, 0� nanotubes with the
same contact configuration as Fig. 2�a�. Numbers x in
�a�, �b�, �c�, and �d� are 4, 6, 8, and 10, respectively.
Insets are corresponding spin charge density magnetiza-
tion with isosurface of 1.231�10−2 e /Å3.
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FIG. 6. �Color online� Spin polarization in the trans-
mission spectra for systems in Fig. 5. Red �dark� and
blue �light� represent positive and negative values,
respectively.
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occur in an energy window around the Fermi level. As is
known, a high or nearly complete polarization is quite essen-
tial for the development of spintronic devices. Du et al. have
showed that, finite-length hydrogenated zigzag nanotubes
can display half metallicity, but only under a limited range of
external electric field.11,19 However, our results give an ex-
plicit way to realize it by linking a nanotube to carbon
chains, instead of using the external electric field. Also, com-
plete spin-polarized currents can be produced, providing an
option for spintronic devices.

Figure 7 shows the effect of tube diameter on the trans-
mission spectrum. Again, we observe the separations of
transmission spectra for up-spin and down-spin. Du et al.
found that,11 as the diameter of the SWCNT increases, all
finite-length �n, 0� nanotubes become magnetic and the AFM
phase appears to be the ground state for large diameter nano-
tubes. This is exactly consistent with our results, except for
L4-�6, 0� tube, i.e., the spin separations take place in all other
three cases through the contact with carbon chain electrodes.

So, we conclude that, a special and partial contact can play
the same role as the external electric field in manipulating
the spin dependent transport. Another important point is that,
for each of the spectra, we can clearly see a relative spectrum
shift between up-spin and down-spin along the energy axis.
Figure 8 shows �Tup−Tdown� / �Tup+Tdown� for these four
cases. In Figs. 8�b�–8�d�, each spin polarization at least ex-
ceeds 80% in the energy window around the Fermi level,
which may be very useful for spintronic devices.

As a result, the transmission spectra for hydrogenated
nanotubes become spin asymmetric as the diameter and
length are increasing. In order to understand it, we plot spin
charge density magnetization ��↑−�↓� for each case �see the
insets of Figs. 5 and 7�. As is seen, the magnetic moments,
especially at the zigzag edges, increase with the length and
diameter, which finally results in a pronounced spin polariza-
tion. When the large spin polarization is present, the trans-
mission probability of up or down-spin electrons will be
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FIG. 7. �Color online� Spin-dependent transmission
spectra of hydrogenated L4-�n, 0� nanotubes with the
same contact configuration as Fig. 2�a�. Numbers n in
�a�, �b�, �c�, and �d� are 6, 7, 8 and 9, respectively. Insets
are corresponding spin charge density magnetization
with isosurface of 1.231�10−2 e /Å3.
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FIG. 8. �Color online� Spin polarization in the trans-
mission spectra for systems in Fig. 7. Red �dark� and
blue �light� represent positive and negative values,
respectively.
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different, thereby inducing the spin asymmetry in transmis-
sion spectra.

In the above, we have presented many transmission
spectra. Among them, we notice that there are some discon-
tinuities in the curves. These features also appear in the
transmission spectra of graphene flake and often in the form
of a rapid variation with very narrow dips and adjacent
peaks.21 They were also found in some other transport
systems12 and were usually explained by the coupling be-
tween localized states of a quantum dot and continuous states
of a quantum channel.21,37 Furthermore, they can be regarded
as the traces of Fano resonances. In our system, the finite
tubes play a role of quantum dot and the electrodes act like
the quantum channel. Figure 9 gives us a clear understanding
about it, in which the local density of states �LDOS� for
down-spin of hydrogenated L6-�6, 0� was shown. In the
transmission spectrum, there is a resonance located at about
0.85 eV. We plot the three-dimensional LDOS isosurfaces for
three energies, 0.90 eV, 0.85 eV and 0.80 eV �see right panel
of Fig. 9�. Obviously, only at resonance energy, i.e., 0.85 eV,
the LDOS was almost confined inside the finite tube region.
At the other two off-resonance energies, the extended states
of electrodes dominate the LDOS.

Last, we will compare our results with those of graphene
flake.21 In order to show it clearly, we plot a schematic figure
of graphene flake contacted with leads in Fig. 2�f� �red/up
arrow: up-spin and blue/down arrow: down-spin�. The differ-
ence of electronic transmission behavior between GNR and
carbon nanotube is arisen from the contact geometry. The
largest difference of contact geometry is the edges contacted
by the lead for two carbon structures. We take a zigzag na-
noribbon for example to show how the edges affect the elec-
tronic transport. For zigzag nanoribbon, there are two zigzag
edges �top and bottom�, which play important role in the
electronic transport of nanoribbon.21 These two zigzag edges
are parallel to carbon chains. If carbon chains contact with
the same zigzag edge �see Fig. 2�f��, the transmission prob-
abilities of electrons with the spin which dominate at this
edge will increase, while another one will be suppressed. As
an example, in Fig. 2�f�, the up-spin electrons dominate in
the top zigzag edge. So, the transmission probability of up-
spin electrons will be larger than that of down-spin ones and

then the current becomes spin-polarized. When both up-spin
and down-spin edges contact with the electrodes, there is no
dominating spin, and the transmission will be spin-
unpolarized.21 However, for our systems, the zigzag edges of
nanotube �left or right� are perpendicular to the electrodes, so
the electrodes always contact with two different zigzag edges
�see Fig. 5 or 7�. At the edges �e.g., Fig. 5�c��, the magneti-
zation and its distribution become asymmetric due to the
interaction between electrodes and tube, which finally results
in the spin polarization and spin asymmetry in transmission
spectra.

Recently, Qin et al.38 have studied the magnetoresistance
ratio �MR� of zigzag-edged GNR �ZGNR�. They found that
the MR of nonhydrogenated ZGNRs is one to five orders of
magnitude higher than that of hydrogenated ones. This be-
havior is partially attributed to the significantly enhanced
exchange splitting by the dangling bond.38 Based on similar
dangling bonds in our system, we expect that a similar en-
hancement in MR may appear for carbon nanotube-chain
system.

IV. CONCLUSION

In summary, we have performed ab initio calculations of
transmission spectra for finite-length carbon nanotubes. For
bare nanotubes, spin-polarized currents can be always ob-
tained by partial contact between the tube and electrodes,
i.e., carbon atomic chains. For hydrogenated nanotubes, in
the same geometrical configuration, only nanotubes longer or
wider than L4-�6, 0� can achieve the spin polarization cur-
rent. Especially, in several cases, e.g., L8-�6, 0� and L10-�6,
0�, the 100% polarizations have been obtained, which is es-
sential for spintronic devices. As there is no dopant, FM
electrodes, and external electric field, it is another way to
produce the spin-polarized current with the system proposed
here. Moreover, the traces of Fano resonances are found in
the spectra. Our results will be of significant importance for
future spintronic applications.
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