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Abstract

A real-space embedding technique based on the fully relativistic spin-polarized Korringa—Kohn—Rostoker method is
combined with the real-space Kubo—Greenwood formula in order to describe electrical transport properties of magnetic
nanostructures. Finite Fe and Co chains embedded into the surface layer of FCC Ag(1 0 0) are investigated.
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Ab initio investigations of electric transport have been
successfully applied to systems with two- or three-
dimensional translational symmetry in the last decades,
e.g., for studying GMR, TMR and AMR effects [1].
Investigation of electric transport in magnetic nanos-
tructures is of special interest for nanoscale technologies
and diverse applications, although at present experi-
mental studies seem to be very limited.

Multiple scattering theory allows the treatment of a
finite cluster of impurities embedded into a translation-
ally invariant host medium,

Tetus = Thostll — (tag — tens) Those] s (1)

where Those and Teys are site-angular momentum
representations of the scattering path operator for the
host and for the embedded cluster, respectively, while
thost and teyys are the corresponding single-site scattering
matrices. For more details of the embedding technique,
see Ref. [2]. It should be noted that no lattice relaxation
effects are taken into account.
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According to Kubo’s formula the conductivity tensor
between sites labeled by 7 and j is of the following form:
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where p,ve{x,y,z}, V is the atomic volume, & = ¢ +
10, & = e¢r — 10 with ¢ being the Fermi level and 6 —0,
while JL stands for the relativistic current matrix in
angular momentum space. For more details of the
theory as well as numerical tests, see Ref. [3].

In our calculations, we used /,x = 2 for the angular
momentum expansion and the potentials were treated
within the atomic sphere approximation. Furthermore,
210 k; points were used in the irreducible wedge of the
two-dimensional Brillouin zone in order to calculate
Thost 111 Teal space.

We investigated single impurities and finite chains
(Iength of 2-10 atoms) of Fe and Co embedded along
the (1 1 0) direction (x) in the surface layer of Ag(1 0 0).
We use the notation, e.g., Co4 for a Co chain of 4 atoms.
We tested the non-local conductivity by increasing the
number of self-consistently calculated atoms for Fel,
Fe2 and Col, Co2. Since the relative difference between



K. Palotas et al. | Journal of Magnetism and Magnetic Materials 272-276 (2004) 1594—1595 1595

0, [(mQcm)] Col
5.53

0,,[(mQcm)1 Co4

——
== e
A

Y ==
3
420 2 7 ¢3 Oy[aZD]
X[ayp]
0, [(mQcm) Fe4 0, [(macm)’] Fel

Fig. 1. Non-local conductivities 6% (x;, ;). The atom labeled by
0 is at the position (0, 0), while the position of atom j is varied in
the (1 0 0)-oriented surface plane, (6 = 1 mRy).

the conductivities by taking self-consistently calculated
cluster ‘‘chain + 1 shell” and “chain + 2 shell” is
below 0.2%, we decided to use the ‘‘chain + 1 shell”
configurations to perform self-consistent calculations for
longer chains, thus, saving computer time.

The xx-component of the non-local conductivity
tensor between an origin (the impurity or the atom on
the brink of the chain) and all other atoms in the plane is
shown for the impurity case and for a chain of four
atoms for both Co and Fe in Fig. 1. It can be seen that in
the impurity case the shape of the conductivity is
symmetric to the x = 0 plane, while in the chain case the
tensor-elements along the +x direction (where the chain
lies) are much larger than in other directions, causing an
asymmetry. This behavior is true for all chains. More-
over, it can be seen that the site-diagonal conductivity
component at the origin (the peak) for Co is larger than
for Fe, causing in turn of higher resistivity of Fe chains.
Let us define a kind of “residual resistivity”’ for finite
clusters, as follows:
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where n denotes the number of atoms in the chain of
type o (Fe or Co) and N(r) is the number of atoms
involved in the cluster (chain + environmental atoms up
to the furthermost distance of r). As can be seen from
Fig. 2, p%.(r) decrease monotonically, and the difference,
pEe(r) — pff(r) is finite and varies slowly with respect to
the cluster size.

We studied the influence on the residual resistivity
with respect to the orientation of magnetization.
Selected results are listed in Table 1. As can be seen,

: : 250 : :
® o

Pl B

Sta ® 150t oo ]

= A A A b

S[o DohAa a0 DAAA A

g1 { sof 000 g
05 1 15 2 05 1 15 2

r [asp] r [asp]

Fig. 2. Residual resistivities of Fe (circles) and Co (triangles)
chains. Open squares refer to pFe(r) — p€°(r). The length of the
chains is shown explicitly. The orientation of magnetization is
normal to the (1 0 0) plane (M.).

Table 1
Residual resistivities versus orientation of magnetization,
Py(r = a3p)[pQ cm]

Type M, M, M.

Col 120.1 126.9 1235
Fel 198.3 2253 219.6
Co4 109.0 113.7 113.2
Fe4 166.7 176.4 176.2

M, provides the smallest resistivity, while M, the
highest one. In the impurity case, pﬁfc(My) is by 13.6%
larger than pFe(M,), while p$°(M,) is only by 5.7%
larger than p$°(M,) which means a higher sensitivity
with respect to the orientation of the magnetization for
Fe. The orientation of the magnetization perpendicular
to the chain (M, and M) results in minor differences in
the resistivity for longer chains.
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