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We report on an effect of reduced dimensionality on the magnetotransport in cobalt layers sandwiched

by platinum. In a current in-plane geometry it is found that the resistivity depends on the magnetization

orientation within the plane perpendicular to the current direction. The resistivity shows a symmetry

adapted cos2 dependence on the angle to the surface normal, with the maximum along the surface normal.

The Co thickness dependence of the effect in Pt=Co=Pt sandwiches clearly points out that the mechanism

behind this effect originates at the Co=Pt interfaces and is disparate to the texture induced geometrical size

effect.
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Magnetic domain walls not only cause an additional
magnetoresistance [1,2], the so-called domain wall resist-
ance (DWR), but also can be moved when high current
densities are applied [3,4]. The understanding and pur-
posely tuning of these phenomena seem to presently have
an enormous impact on applications such as, e.g., new
logic [5,6] and data storage (memory) devices [7].
Because of its small value, however, investigations of
DWR turned out to be a very delicate field of research.
Although first investigations of DWR were performed as
early as 1996 [8], there still are controversies about the
overall sign of the effect [1,2]. Besides its small value, the
intrinsic DWR can be masked by extrinsic magnetoresis-
tance (MR) contributions associated with the micromag-
netic configuration of the wall [1,9,10]. In 3d transition
metals at room temperature, the anisotropic magnetoresis-
tance (AMR) is the dominant parasitic contribution [11].
Because of the AMR the resistivity depends on the angle ’
between the direction of the magnetization M and of the
current j, see Fig. 1(a),

�ð’Þ ¼ �? þ ð�k � �?Þ cos2’; (1)

where �? and �k are the resistivities when the magnetiza-

tion is oriented either perpendicular or parallel to the
direction of the current. Generally, in wires with in-plane
magnetic anisotropy it is difficult to describe the AMR
contribution of the domain walls correctly because of their
micromagnetic complexity [12,13]. A similar situation
applies to thick epitaxial films with an out-of-plane mag-
netocrystalline anisotropy, since at the surface flux closure
structures are generated [1,14]. In order to prevent this kind
of problem, ultrathin systems with a high perpendicular
magnetic anisotropy have been investigated. In such films
simple Bloch walls occur in which the magnetization
rotates within the wall plane [15–18]. For Co=Pt multi-
layers with perpendicular magnetic anisotropy, a positive

DWR of about 0.1%–1% of the Co resistivity was found
[16,17]. This seemingly straightforward approach relies on
the assumption that besides the AMR no other MR effects
are present, which, however, is questionable as Co=Pt

FIG. 1 (color online). (a) Rotating the magnetization M in the
film plane the resistivity is smaller for a magnetization pointing
perpendicular to the current j (transverse geometry) than for M
being parallel to the current (longitudinal geometry). This situ-
ation refers to the conventional AMR effect. (b) Rotating M in a
plane perpendicular to the current, it appears that in Co=Pt thin
films the resistivity in transverse geometry is smaller than for M
being perpendicular to the film surface (polar geometry). The
GSE exhibits the same characteristic but is of opposite sign (see
curve for Co, Ni, and permalloy in the inset).
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multilayers have distinct geometrical features like texture
and alterations of materials in the perpendicular direction,
both of which can cause contributions to the MR. In fact,
contrary to the respective bulk behavior, in textured films
of Co, Ni, and permalloy, the resistivity depends on the
direction of magnetization perpendicular to the current.
The values for the transverse resistivity �t (M oriented in
the film plane) differ from the polar resistivity �p (M

oriented perpendicular to the film plane) [19–21]; see
Fig. 1(b). The magnitude of the so-called geometrical
size effect (GSE) is in the same range as the AMR, and
does not depend on the film thickness: it is caused by
texture [21]. Stacking of the Co=Pt layers can yet be
another source for geometry induced MR effects as the
thickness of the ferromagnetic layers is in the range of
the electron mean free path, and, furthermore, Pt is an easy
magnetically polarizable material.

We report on a MR effect we discovered in sputter
deposited and electron-beam evaporated Co=Pt films in
the temperature range from 1.6 to 300 K, for which in
contrast to GSE the transverse resistivity �t is smaller than
the polar resistivity �p; see the curve forCo=Pt in Fig. 1(b).

In this Letter we present the results for the simplest struc-
ture of sputter deposited films which consist of one ferro-
magnetic Co layer sandwiched by Pt layers (for details see
[22]), and we restrict ourselves to room temperature inves-
tigations. The MR of the films has been studied by sweep-
ing the magnetic field in longitudinal (M oriented parallel
to the current), transverse, and polar directions and by
rotating the samples in a saturation field [24]. To reveal
the physical origin of the magnetoresistance anisotropy
(�p > �t) we varied the Co layer thickness from 0.8 to

50 nm. The results were fitted making use of the Fuchs-
Sondheimer approach [25–27]. We will show that the
�p > �t effect originates from the Co=Pt interfaces; thus

we call the effect anisotropic interface magnetoresistance
(AIMR).

In Fig. 2 the magnetoresistance results for a Pt=Co=Pt
sample with a Co thickness of tCo ¼ 6 nm are shown. In
Fig. 2(a) the two in-plane curves (longitudinal and trans-
verse geometry) are dominated by magnetization reversal
via domain wall movements causing the steep resistivity
changes at small fields (< 100 mT). For the magnetic hard
axis (polar geometry) the curve indicates a coherent rota-
tion of the magnetization, which is completed at about
1.3 T. At large fields, with field aligned magnetization,
all three curves exhibit an identical linear decrease which is
usually referred to as the spin-disorder MR caused by the
suppression of spin waves with increasing field strength
[11]. The resistivity difference in saturation forM oriented
in plane, ��ip ¼ �k � �t, refers to the conventional AMR

effect as for both orientations of the magnetization effects
due to texture or interfaces are identical. The resistivity
difference in saturation forM perpendicular to the current,
��op ¼ �p � �t, is nonzero, indicating an additive

contribution to the MR similar to GSE. In contradiction
to GSE, however, it has a positive sign. For all samples
with tCo � 30 nm the resistivities exhibit the same behav-
ior, namely, �k >�p > �t. For the sake of completeness it

should be mentioned that in ��ip and ��op contributions

arising from the anisotropic nature of the Lorentz MR are
negligibly small compared to the MR effects reported in
this Letter and are considerably smaller than the error
margins of the data (see Fig. 3) [11].
To investigate the angular dependence of the resistivity

with respect to the orientation of the magnetization, the
samples were rotated in a field of 6 T. This field strength is
sufficient to fully align the magnetization in the field
direction; see Fig. 2(a). In Fig. 2(b) the resistivity is dis-
played as a function of the orientation of the magnetization
when M is rotated either in plane or perpendicular to the

.

.

.
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FIG. 2 (color online). (a) Resistivity � as a function of the
applied field �0H for the three principle directions of the field
with respect to the current direction and film orientation for a
Pt5 nm=Co6 nm=Pt3 nm film recorded at room temperature. The
differences in resistivities (above technical saturation MSkH)
are labeled as ��ip ¼ �k � �t and ��op ¼ �p � �t. The slight

deviation from the parabolic shape of the polar curve can be
related to an unavoidable small misalignment of the magnetic
field direction with respect to the normal of the film.
(b) Resistivity � as a function of the in-plane angle ’, see
Fig. 1(a), and of the out-of-plane angle �, see Fig. 1(b). The
field strength is 6 T, causing M to be field aligned. The dashed
lines represent cos2 fits.
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current direction. The functional shape of �ip is typical for

the AMR; see Eq. (1). If � denotes the angle between M
and the film normal, then the same kind of angular depen-
dence as in Eq. (1) is found, namely,

�opð�Þ ¼ �t þ ð�p � �tÞ cos2�: (2)

In Fig. 3(a) ��ip=� and ��op=�, � being the resistivity of

the Pt=Co=Pt sandwich, are plotted versus Co thickness
tCo. Up to a Co thickness of 15 nm ��ip=� increases

strongly; for tCo � 15 nm a limiting value of about 1.5%
is approached. The apparent increase of the AMR ratio and
its subsequent flattening out with increasing Co thickness
can be explained quantitatively with the decreasing influ-
ence of the Pt shunt on the resistivity �: The corresponding
dashed line shows the fit of the ��ip=� data to a simple

parallel current model for Co and Pt resistors using the
Fuchs-Sondheimer formalism [28]. The fit yields an AMR
ratio for the Co layer of ð1:7� 0:1Þ%.

Obviously ��op=� shows quite a different behavior:

for small Co thicknesses (tCo < 7 nm) ��op=� increases

continuously and is comparable to the AMR ratio
(��ip=�). For tCo � 7 nm, however, ��op=� decreases

proportional to 1=tCo as indicated by the 1=tCo fit (dashed
line). This implies that the interior of the Co layer does not
contribute to this particular MR effect, which in turn means
that it is caused essentially by the Co=Pt interfaces [29].
Therefore, it is appropriate to refer to this effect as aniso-
tropic interface magnetoresistance. To stress the point: The
AIMR shows a completely different signature than any
other MR effect found in polycrystalline films up to now.
In Fig. 3(b) the ratio of the data of Fig. 3(a) (��op=��ip)

is displayed versus tCo. The normalization to ��ip=� re-

moves the more or less arbitrary scaling of ��op=� with

respect to the sandwich resistivity � and thereby eliminates
the influence of the Pt shunt from data under the prereq-
uisite that the AMR ratio of the Co layer does not depend
on thickness. A closer look at ��ip=� in Fig. 3(a) reveals

that for thin Co layers there is a strong relative difference
between the experimental data points and the ideal fit,
while for tCo � 7 nm the relative difference is acceptably
small (< 10%). This means that only for sufficiently large
thicknesses (tCo � 7 nm) the assumption of a constant
AMR ratio of the Co layer is reasonable and ��ip=� is

only suitable to describe the Pt shunt sufficiently well in
this thickness regime. As the parasitic shunt of the Pt layers
is eliminated in ��op=��ip for tCo � 7 nm, we can deal

with the scattering in an effective single Co layer approxi-
mation. To quantify the anisotropy of the magnetic scat-
tering at the Co=Pt interface, the Fuchs-Sondheimer
formalism is used [28,30]. Fitting the curve in Fig. 3(b)
for tCo � 7 nm, we obtain a change of 0:04� 0:01 in the
specularity parameter when the magnetization orientation
switches from polar to transverse geometry. This implies
that the diffusive scattering probability of the electrons at
the Co=Pt interfaces [28] varies by 4% when changing the
magnetization from in plane to out of plane.
For tCo > 35 nm,��op=��ip as well as��op=� become

negative (see Fig. 3), revealing the existence of another
MR contribution, which is of opposite sign compared to the
AIMR. This contribution also exhibits a cos2� dependence,
does not depend on the Co thickness, and seems to be
typical for the GSE, which can be attributed to the hcp
(0001) texture of the Co layer [21,22]. Since we find a GSE
which is lower than the value reported previously, this
might indicate a more pronounced texture in the studies
of Ref. [21].
In conclusion, it was shown that in contrast to the bulk

case in thin Co=Pt films, a contribution to the MR arises
from the reduced dimensionality in layered systems. The
characteristic dependence of the AIMR on 1=tCo strongly
suggests the presence of an anisotropic magnetic scattering
mechanism of electrons at the interface. It is found that
when the orientation of the magnetization is perpendicular
to the direction of the current the resistivity depends on the
orientation of M to the interface and is largest for the

FIG. 3 (color online). (a) Co thickness dependence of ��op=�
and of ��ip=�. The dashed lines represent fits. The behavior of

��ip=� (AMR) is due to an increase of the current in the Co

layer whereas the shunting through the Pt layer decreases. The
1=tCo dependence of ��op=� indicates that the effect originates

from the Co=Pt interfaces. At 35 nm the AIMR effect (�p > �t)

equals the thickness independent GSE (�t > �p). (b) Ratio of

��op and ��ip, which corresponds to the ratio of AIMRþ GSE

and AMR effect, respectively. The curve is fitted utilizing the
Fuchs-Sondheimer model for tCo � 7 nm.
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magnetization perpendicular to the film plane. Utilizing the
Fuchs-Sondheimer formalism it turns out that the phe-
nomenological specularity parameter is nonvanishing and
varies as a function of the orientation of the magnetization.
Further investigations are needed to learn about the micro-
scopic mechanism behind the AIMR. It should be pointed
out that the interface of the investigated films is not abrupt
but mainly determined by a region of interdiffusion, i.e., a
gradual transition from Co to Pt (see [22]). In the thickness
regime where Co=Pt systems exhibit a perpendicular easy
axis of magnetization, the AIMR is in the same order of
magnitude as the AMR. This finding is important also in
the light of recent efforts to study domain wall resistance in
the framework of spintronics.
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