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This contribution reports on comparative studies on giant magnetoresistance in carbon nanotubes and
graphene nanoribbons of similar aspect ratios (i.e. perimeter/length and width/length ratios, for the former and
the latter, respectively). The problem is solved at zero temperature in the ballistic transport regime, by means of
the Green functions technique within the tight-binding model and with the so-called wide band approximation for
electrodes. The giant magnetoresistance effect in graphene is comparable to that of carbon nanotubes, it depends
strongly on the chirality and only slightly on the aspect ratio. It turns out that graphene, analogously to carbon
nanotubes may be quite an interesting material for spintronic applications.
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1. Introduction

Carbon-based structures evoke enormous interest in
search for new materials for future nanoelectronics, ex-
pected to replace the conventional electronics soon.
Along with carbon nanotubes (CNTs) [1], also graphene
has recently given an additional impetus to this type of
studies, after it was demonstrated that individual mono-
layers of graphite can be successfully fabricated and elec-
trically contacted [2]. Although it has already been re-
alized for several years that ferromagnetically contacted
carbon nanotubes reveal quite a noticeable giant magne-
toresistance (GMR) effect [3-7], in the case of graphene
this problem still remains to be explored.

The paper is organized as follows: Sect. 2 presents the
model and the adopted method of calculations, in Sect. 3
the results are presented and discussed. Finally, Sect. 4
summarizes the main conclusions.

2. Methodology

A single-band tight-binding model for non-interacting
m-electrons is used both for CNTs and graphene (Gr):
H = Y ¢gili,o)(o,i] + Y ti;li,0) (o, j|. In the fol-

i,0 7,0
lowing, the nearest neighbor hopping integral (typically
equal to —2.7, —3 eV) will be treated as the energy unit,
|t| = 1, whereas the on-site energies € depend on a gate
voltage. The Hamiltonian can be written in a tri-diagonal
block form, each block (submatrix) is of rank equal to
the number of atoms within the unit cell (N). For
the armchair-CNT (ac-CNT) and zigzag-edge graphene
(z2-Gr), as well as for the zigzag-CNT (zz-CNT) and

armchair graphene (ac-Gr) structures discussed here N =
4n, where n is the component of the respective chiral
vector (n,n), (n,0) for the ac-CNT and the zz-CNT.
The unit cells are repeated periodically M times in the
charge transport direction, resulting in 4nM atoms in the
system. The present recursive method makes it possi-
ble, in principle, to perform recursive computations even
for systems approaching realistic lengths of several hun-
dreds nm [8]. This time however relatively short systems
are dealt with, because the systems of interest include
also those with large transverse dimensions (exceeding
the longitudinal ones).

As regards ferromagnetic leads (electrodes), the
so-called wide-band approximation has been used, i.e. the
surface Green functions of the leads are treated as energy-
independent, but spin-dependent (i.e. different for - and
|-spin electrons). The recursive method (see [9, 8]) is de-
scribed by the following set of equations:

gil:i =(E-D;— Ez'L)_lv

gii = (B~ D — 577 (1)
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P = Tiingisie Tiv i (2)
G;=(E—-D;— X — X)L (3)
Equations (1) define Green’s functions for the i-th unit
cell, the matrices D and T stand for the diagonal and off-
-diagonal submatrices, whereas the full Green function is

given by Eq. (3). The carbon-based structure (either
CNT or Gr) extends from ¢ = 1 up to ¢ = M, whereas
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the left (L) and right (R) leads have indices ¢ < 1 and
i > M, respectively. The simplest approximation one
can think of, for the leads is the aforementioned wide-
-band approximation. One starts the recursion with i =1
and 7 = M and parameterizes the interface conditions as
follows:

oy = —jlAL/2,
(with j = v/—1). (4)

The iteration goes for i =1, 2, ..., ip — 1 for L (and
i=M,M-1,...,i9+1 for R), where i¢ is an arbitrary
reference point.

The other quantities of the main interest here are
transmission 7, conductance (G) and GMR. In the ballis-
tic transport regime and at zero temperature these quan-
tities read

T = Te(IG,rRGh,

t
FiL7R :.] |:E7;L7R - (2L7R) :| ) (5)

Uy = —jlAr/2

2

2
GMR = 100(1 — Gy, /Gr.1), G = %T(EF), (6)

where the arrows 1T and T| denote parallel and antipar-
allel alignments of ferromagnetic electrodes. It is note-
worthy that the transmission does not depend on the ref-
erence unit cell number ¢ = 7. The Fermi energy Er = 0
at zero gate voltage (V) and may be shifted in energy
by aVg for a finite gate voltage, where « is a conversion
factor.

3. Results and discussion

The systems of interest here are CNTs and graphene
ribbons of the same chirality, and similar aspect ratios
defined as A = W/L, where L stands for the length and
W for the width in the case of graphene, and the perime-
ter in the case of the CNT. An exemplary illustration of
such systems is presented in Fig. 1.

Fig. 1. Example of a CNT and a graphene sheet of
similar aspect ratios. The leads are to be attached in
the vertical direction both to the CNT and graphene.

In the case of ferromagnetic leads, the parameters A
have been chosen as follows: A7 g = Ag(1+£0m). Specif-

ically, Ay is treated here as a free parameter (set to 0.6),
and m = 1/3 mimics the spin polarization of cobalt [3]. If
the ferromagnetic leads are parallel aligned, the plus sign
should be taken for both the sides (L and R), otherwise
(antiparallel alignment) — the plus sign applies to the
L-lead and the minus sign to the R-lead. The following
two figures show how the GMR of CNTs and Gr sheets
compare with each other for different aspect ratios (cf.
(a) and (b)) and different chiralities (cf. Figs. 2, 3).
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Fig. 2. GMR for ac-CNT (dashed line) and zz-gra-

phene (solid line), and two different aspect ratios: less
than 1 (a) and greater than 1 (b).
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Fig. 3. As Fig. 2 but for different chiralities, i.e.
zz-CNT and ac-Gr.

It is readily seen from these plots that the aspect ratio
has some effect on the GMR. In particular, the long and
narrow CNT show quasi-periodic behavior within the en-
ergy region below the onset to the higher subband, clearly
revealing 2 and half periods (see the first three narrow
minima of the dashed line in Fig. 2a). The quasi-period
is known to amount to hvg/(2L). No distinct periodicity
is seen in the case of graphene, where the longitudinal in-
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terference patterns are affected by the transverse modes
and less pronounced Fabry—Perot patterns can be ob-
served [10]. As shown in Fig. 2b, the periodicity is lost
even for the ac-CNT if the aspect ratio is high enough.
It is so, since for A > 1 the energy inter-level spacings
(~ 1/L) become comparable with the distance between
the energy subbands (~ 1/W).

As concerns the GMR, in the case of small A nega-
tive values (inverse GMR) can be acquired, as already
predicted theoretically for a more realistic model of elec-
trodes [11] and observed experimentally [4]. This ten-
dency may be explained basing on the Wigner—Breit for-
mula for the on-resonance case and some anisotropy in
CNT /electrode couplings. Interestingly for the present
parameterization the average value of GMR changes
roughly from 5% up to 10% for the zz-Gr, ac-CNT and
ac-Gr, zz-CNT, respectively, i.e. depends strongly on the
chirality of the structure at hand, but only slightly on the
aspect ratio. Nearby the charge neutrality point, Fr = 0,
the GMR behaves differently for the CNTs and graphene
ribbons. This point is however very peculiar in many
respects (massless fermions, minimum conductivity ef-
fect, non-negligible spin—orbit (SO) coupling, etc.) and
requires more sophisticated approach than the present
one. It should be noticed in this context that here the
SO coupling has been neglected. In the light of recent
experiments [12] this is definitely justified in the case of
graphene, but much less in the case of CNTs. Neverthe-
less, there is a consensus that SO coupling is not large
enough to completely destroy the spin coherence (espe-
cially in short systems like those considered here).

4. Conclusion

Graphene ribbons show the GMR effect of compara-
ble magnitude to CNTs with similar aspect ratios. The
most important findings of the present studies are: (i)
the mean value of GMR is bigger in ac-Gr than in zz-Gr,
(ii) the fluctuations of GMR decrease with the increas-
ing aspect ratio A, and (iii) for graphene the GMR
fluctuations, as a function of energy (gate voltage), are
smaller than those of its CNT counterpart. Summariz-

ing, both the carbon-based structures under considera-
tion here seem to be quite promising for potential spin-
tronic applications.
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