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Abstract

The spin and charge currents tunnelling through coupled toroidal carbon nanotube (TCN) system is investigated in the pres-
ence of rotating magnetic field and an Aharonov—Bohm magnetic flux. The charge current and spin current coexist in the same
system agV # 0. The charge conductance, charge current, and spin current are sensitively determined by the applied magnetic
fields and the quantum nature of coupled TCN system. Zeeman splitting and spin-flip effect make different contributions to the
spin and charge currents due to symmetrically energy splitting and asymmetric resonant behavior. The spin current is strongly
adjusted by the frequency of rotating field, which is associated with the photon-absorption and resonance procedure in TCN.
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The toroidal carbon nanotube (TCN) is a form of bonding pattern to connect carbon tubules. There is no
carbon structure, which is a torus structure by bending technique question for the fabrication of TCNs from
the carbon tube such that the two edges are connectedsingle-wall carbon nanotubes (SWCN4)}4]. Com-

The tori proposed are constructed by introducing a sin- pared with normal metal or semiconductor ring, TCN
gle pentagon—heptagon pair into the perfect hexagoncan carry larger persistent current due to the modi-
fication of energy structure and energy d&p. The
research on electron transport through hybrid device
mspondmg author. s'truc'ture i; presented for th.e new stage of inve§tiga—
E-mail address. zhaohonk@yahoo.cofi.-K. Zhao). tion, in which the carbon devices are coupled to differ-
1 Mailing address. ent material§6—8]. As a TCN is coupled to different
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kinds of terminals, the combination of terminal struc-
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of TCN with highly symmetric structures are arm-

tures and TCN together forms coupled density of state chair (m, m; —p, p) TCN and zigzagm, 0; —p, 2p)

(DOS), and the tunnelling current is determined by the
detailed constructior[®-11]. This kind of devices can
be found applications in electronics due to the interfer-
ence properties and structures.

Spintronics is one of the most attractive investiga-
tion frontier both for the theoretical and experimental

aspects due to the potential application of nanode-

TCN. The armchair TCN possesses the symmetry with
armchair structure along the transverse direction and
zigzag structure along the longitudinal direction. The
zigzag TCN has the structure in both of the direc-
tions being zigzag. We denote the diameter of car-
bon nanotube (CN) a4, and the diameter of meso-
scopic ring adD;. Therefore, the diameters of the arm-

vices. The spin polarized resonant transport through a chair (m, m; —p, p) TCN ared, = 3bm /7, and D, =

ferromagnetic film enhances the nonequilibrium spin
population due to the spin accumulatifdr2,13] The
concept of spin coherent field effect transistor was

3Y2pp /7; the diameters of the zigzaa:, 0; —p, 2p)
are given byd, = 3%2pm /7, and D; = 3bp /7, with
the ¢ — ¢ bond length = 1.44 A [20]. In the ab-

proposed associated with the spin precession due tosence of magnetic flux, the armchair TCN is a metal

the spin—-orbit coupling in narrow-gap semiconduc-
tord14]. These could make us to consider the appli-

as p = 3v (type | TCN), while it is a semiconductor
with narrow energy gap as = 3v £+ 1 (type Il TCN)

cation of spin degree of freedom analog to the charge wherev is an integer. For the zigzag TCN in the ab-
transport. Recent experiments on the control and ma- sence of magnetic flux, there exists large energy gap

nipulation of spin made it possible for the application
of spintronic nanodevicefl5,16] The spin-current

asm # 3v (type lll TCN). We consider the system of
TCN with the diameter ratio of the tube to the ring as

circuit and generator phenomena are also proposed tod;/ D; <« 1. In this Letter, we only consider the system

develop the spintronics, such as the spin-battery pro-

posalg[17,18] The spin field effect transistor (SFET)

is presented to be induced by a rotating external mag-

netic field without involving magnetic materigl$9].

composed of an armchair TCN coupled to two normal
metal leads.

The system is composed of three parts: the right
and left normal metal terminals, and the central TCN.

In this Letter, we investigate the mesoscopic transport We consider the system that the TCN is exposed to

through a coupled TCN system in the presence of spin-

flip effect. A rotating magnetic field is applied to the
TCN to induce spin-dependent tunnelling, which acts

a rotating magnetic fluBg(¢) = Bo[Sin6 cogwt)e, +
siné sin(wt)e, + cosve, ], wherew andé are the angu-
lar frequency and tilted angle between thaxis and

as spin generator in the TCN. The source and drain the magnetic field. This kind of magnetic field is used

are biased by chemical potential differencg — up

to produce pure spin current in a quantum dot system

in general. Therefore, the charge and spin currents canin Ref. [19]. We restrict this field so that there is no
exist at the same system. An static magnetic field is magnetic flux threaded through TCN. Another static
applied to produce a magnetic flux threaded through magnetic field; is applied ine, direction, which pro-

the TCN. This magnetic flux induces Aharonov—Bohm
oscillation, and it controls the tunnelling behavior due
to adjusting the flux. The detailed structure of TCN
dedicates important contribution to the spin-flip meso-

scopic transport, and the metal-semiconductor transi-

tion obviously governs current characteristics. We em-
ploy the nonequilibrium Green'’s function technique to
investigate the mesoscopic transport.

The TCN is formed by rolling a finite graphite sheet
from the origin to the vector®, = mia; + moay,
andR, = p1a + poay simultaneously. It is denoted
by (m1,m2; p1, p2) as convention, and it satisfies
the periodical boundary conditions along both of the
longitudinal and transverse directiofi. Two kinds

duces a static magnetic flyxthreaded through TCN.
The static magnetic fiel3; does not applied on the
ring, but only produces an Aharonov—Bohm magnetic
flux. This magnetic flux induces Aharonov—Bohm ef-
fect, and the electron energy spectrum is modified by
it [5]. The magnetic fiel@q(z) is screened in order not
to affect the leads. The schematic diagram of this sys-
tem is shown irFig. 1to help understanding our geo-
metric structure. The rotating field applies a magnetic
field with maximum magnitude of the field on the ring,
and the magnetic field varies with the angfesand
¢(t) = wt. This means that at a definite point of the
TCN, the magnetic field varies with time periodically,
and an electron at this point feels this field. This also
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