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Abstract

For antiferromagnetically coupled [Fe/Cr]
��

multilayers with Fe(Cr) thickness 30(13.5) As and 12(12) As , we found that
at low "elds the contribution of the domain walls to the resistivity, �

��
, is small at room temperature and strongly

enhanced at low temperatures. Magnetic force microscopy images clearly reveal the presence of domain walls. In a wide
interval above 1.9K �

��
varies as �

��
(¹)"�

��
(0)!A¹� with the exponent �K0.7}1, indicating the possible presence

of quantum interference e!ects in the quasiballistic electron transport through domain walls. � 2001 Elsevier Science
B.V. All rights reserved.
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In this paper, we report the results of a detailed study
of low-"eld electrical resistivity in antiferromagnetically
(AF) coupled magnetic multilayers (MML). The well-
known giant magnetoresistance (GMR) in this system is
mainly attributed to a realignment of the magnetization
direction of adjacent magnetic layers [1]. However, the
presence of domain walls (DWs) in MML may result in
a small additional `in-planea DW-MR. While the GMR
is known to saturate at low temperatures, the temper-
ature dependence of DW-MR could be di!erent.

The epitaxial [Fe/Cr]
��

multilayers were prepared in
a MBE system on MgO (1 0 0) substrates held at 503C
and covered with an approximately 10As thick Cr layer.
The Cr thickness corresponds to the "rst AF peak in the
interlayer exchange coupling in this system and produces
a maximum GMR which is about 20% at 300K and
100% at 4.2K. A detailed description of sample prepara-
tion and structural characterization has been reported
elsewhere [2].
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The inset to Fig. 1 shows magnetic force microscopy
images of [Fe(30As )/Cr(13.5As )]

��
MML taken with

a Park Scienti"c Instruments M5 microscope at room
temperature (RT) over the same (16�16)�m� area. The
"rst image has been obtained before application of
a magnetic "eld. The magnetic contrast disappeared after
a magnetic "eld of 70 Oe had been applied. One sees
di!erent irregular shape domain walls with di!erent di-
mensions down to micrometer scale. Presence of the
DWs has almost no e!ect on the room temperature
magnetoresistance, while the low temperature and low-
"eld MR is strongly enhanced. Fig. 1 shows the temper-
ature dependence of the electrical resistivity � of the
[Fe(12As )/Cr(12As )]

��
MML measured in various mag-

netic "elds parallel to the plane and with the current
#owing along (1 1 0) direction. For magnetic "elds
�H�'100Oe, �(¹) has metallic temperature dependence,
while for �H�)100Oe, there is a clear minimum in �(¹)
which cannot be due to usual GMR e!ects. We attribute
this behavior to electron interaction with domain walls
because characteristic "elds which remove DWs and
those which a!ect the anomalous low temperature elec-
tron transport are of the same order of the magnitude.
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Fig. 1. Upper inset shows magnetic force microscopy images of
[Fe(30As )/Cr(13.5As )]

��
MML taken over the (16�16) �m� area

before and after applying an external magnetic "eld. The main
part of the "gure shows the temperature dependence of the
resistivity in di!erent magnetic "elds. In the left lower inset we
have plotted ��

��
/n

��
(H) as a function of ¹��� for various

magnetic "elds (here n
��

(H) is a parameter which roughly
re#ects the DW concentration). In the right lower inset we have
plotted variation of resistivity �(¹, H)!�(¹, 4K) down to
50mK.

The sharp peaks observed in the �(¹) curves can be
related to Barkhausen noise.

The most obvious way to determine the DW-MR is to
subtract the temperature dependences of the resistivity
measured in the presence and in the absence of DWs. In
order to separate the GMR (�

�
) from the DW-MR (�

��
),

we de"ne �
��

"�(¹,H)!�(¹,H
�
) with H

	
(300Oe.

Although this method may underestimate the DW-MR
because not all domains (in particular those which are
most strongly pinned) will be removed by the applied
"eld H

	
, it provides the possibility to reconstruct the

variation of the DW-MR with temperature. Our analysis
shows that the function ��

��
"An

��
(H)¹� (where A is

a constant and �"0.7}1) "ts the experimental data for

di!erent samples reasonably well (see left lower inset to
Fig. 1. The power-like temperatures dependence of
��

��
(¹) and relatively small magnetic "elds needed to

remove minimum in �(¹) indicate that the observed
anomalous low-temperature electron transport is not
due electron interaction with local magnetic moments or
with structural disorder.

Interestingly, the resistivity of Fe/Cr multilayers is
strongly temperature dependent down to ultralow tem-
peratures (see the lower inset to Fig. 1). The relatively
high noise/signal ratio for ¹(1K, which results from
applying a rather low measuring current, does not allow
to identify the exact temperature dependence. We also
note that for the measurements performed at very low
temperatures with the magnetic "eld applied below 50K,
the observed anomalous temperature dependence be-
comes more stable with respect to applied "eld due to
stronger pinned DWs.

The ballistic approach to electron transport through
DWs [3] requires that the mean free path along our
epitaxial layers l exceeds the DW width (estimated of the
order 10}100nm [4]) or characteristic scale which char-
acterizes the non-uniform "eld (l*D), a condition which
may be ful"lled only at low enough temperatures. We
believe that the ballistic approach alone cannot explain
the strong variation in �

��
(¹) down to 1.9K because the

mean free path is expected to saturate at low temper-
atures. In order to explain the strong variation of the
DW-MR at low temperatures, one should go beyond the
classic approach [3] and consider the possibility of quan-
tum interference (QI) phenomena among electrons. The
QI approach [5] explains the observed temperature
dependences because the quantum correction to the
conductivity varies as ¹
��� with p"�

�
or 2 in the dirty

and clean limits, respectively, giving rise to ��
��

&¹�
with �"0.75 or 1.
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