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We present experimental results on the displacement of a domain wall by injection of a dc current
through the wall. The samples are 1-mm-wide long stripes of a CoO/Co/Cu/NiFe classical
spin-valve structure. The stripes have been patterned by electron-beam lithography. A neck has been
defined at 1/3 of the total length of the stripe and is pinning center for the domain walls, as shown
by the steps of the giant magnetoresistance curves at intermediate levels~1/3 or 2/3! between the
resistances corresponding to the parallel and antiparallel configurations. We show by electric
transport measurements that, once a wall is trapped, it can be moved by injecting a dc current higher
than a threshold current of the order of magnitude of 107 A/cm2. We discuss the different possible
origins of this effect, i.e., local magnetic field created by the current and/or spin transfer from
spin-polarized current. ©2002 American Institute of Physics.@DOI: 10.1063/1.1507820#
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The conventional way to switch the magnetic configu
tion of a spin electronic device is by generating a magn
field with an external current line. For submicronic devic
this has several drawbacks in terms of energy consump
and risk of cross talk. A recently proposed alternative w
rests on passing an electrical current through the devic
switch its magnetic configuration, either by spin trans
from a spin polarized current or by using the current-induc
Oersted field. The magnetization reversal of a small dot
spin transfer predicted by Slonczewski1 and Berger2 has now
been confirmed by experiments on multilayered pillars3,4 or
nanowires,5 and magnetic switching by the current-induc
Oersted field has also been observed in other types of m
tilayered pillars.6,7

In systems in which the magnetic configuration is d
fined by domains separated by domain walls~DW!, a pos-
sible mechanism of magnetic switching is also the so-ca
current-induced domain wall drag. There are several orig
of the interaction between a DW and an electrical curre
the hydromagnetic drag force, which arises from the H
effect and is not significant for very thin films,8 the current-
induced field~Oersted field! and the spin transfer bys–d
interaction if the current is spin polarized. This last effe
predicted theoretically by Berger,9 has an origin similar to
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the spin transfer mechanism referred to above. It arises f
the s–d exchange interaction between the spin polariz
electrons carrying the current and the local moments. T
s–d interaction exerts a torque on the spins of the conduc
electrons passing through a DW and rotates the polariza
direction of the current. Inversely, the spin polarized curr
exerts ans–d exchange torque on the DW magnetic config
ration and thus can give rise to a motion of the DW. The D
drag by spin transfer can be significant for thin enough D
in which the conduction electron spins cannot follow co
pletely the local magnetization direction. This condition c
be compared to the nonadiabatic criteria that has to be
filled in order to observe DW magnetoresistance.10 Berger
et al.11 have obtained some experimental evidence of D
drag by injecting high dc current pulses in thin films a
observing DW position by Kerr microscopy. The authors a
cribe the DW drag tos–d exchange~spin transfer!. In recent
experiments on 100–160 nm thick permalloy films, G
et al.12 have also observed DW displacement due to curr
pulses by imaging the DW before and after the pulse us
MFM. Their results suggest a combination of spin trans
and hydromagnetic DW drag. The key points in these exp
ments are, first that the direction of the DW displacemen
reversed when the direction of dc current pulses is rever
and second that the order of magnitude of the current pu
needed to move the DW is always 107 A/cm2.

The objective of the present work is to demonstrate t
DW drag can be used to switch the magnetic configuration
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a magnetic device, a spin valve structure in this commun
tion. We have used sputtering and e-beam lithography to
ricate 1mm wide and 20mm long stripes of a CoO 30 Å/Co
70 Å/Cu 100 Å/NiFe 100 Å spin valve-type multilayere
structure. A constriction~0.5mm wide neck! is also patterned
at one third of the length, as shown in the SEM image of F
1. The depth of the notches is 0.25mm and their shape is
approximately triangular with a basis of about 0.3mm. The
antiferromagnetic CoO layer is used to pin the magnetiza
of the Co layer and to obtain well defined parallel and an
parallel configurations by reversing the magnetization of
soft permalloy layer~minor cycles!. As the Néel temperature
of the antiferromagnet CoO is under 200 K, we have p
formed the experiments at low temperature~3 K!. The stripe
geometry with a neck has proved to be efficient to trap a D
at the neck and to detect its pinning and depinning dire
by giant magnetoresistance~GMR! measurements.13 The
small width of our stripes allows us to inject a high curre
density without overheating and thus to avoid the use
current pulses in contrast to Refs. 11 and 12. The resista
is measured with a standard four contact dc technique, a
magnetic field is applied along the long side of the stripe

Figure 2 shows an example of a GMR curve~a minor
cycle, with the Co moment pinned in the positive field dire
tion! for which the measuring current was 5mA and the field
resolution 1 Oe. The steps at intermediate levels~1/3 and

FIG. 1. SEM photography of the trilayer strip and the neck. The width of
stripe is 1 and 0.5mm in the constriction.

FIG. 2. Magnetoresistance curve obtained at 3 K with the magnetic
applied along the stripe. The loop is a minor cycle showing the perma
reversal, whereas the complete loop is plotted in the inset.
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2/3! between the resistances of the parallel and antipara
configurations are clearly seen. This is the proof that the D
is trapped at the neck, as illustrated by the images in Fig

In order to study the effect of a dc current on the DW
the following procedure was used. The field cycling
stopped at one of the intermediate steps of the minor loop
a first set of experiments, we stop at state 1 correspondin
a 227 Oe applied magnetic field. Then, keeping the fie
constant, we increase or decrease the current. The varia
of the resistance as a function of the current is shown in F
3. The resistance first remains practically at its initial valu
exhibiting only a slight reversible increase due to some he
ing of the sample. By comparing this resistance increas
the resistance versus temperature curve, we have estim
that the maximum increase of temperature in our exp
ments does not exceed 30 K, what, as we have checked14 is
definitely insufficient to depin the DW. Then, when the cu
rent reaches a threshold value~critical current! of about 4
mA, the resistance jumps to the level corresponding to
AP configuration, which is the more stable state in a nega
field. When the experiment is repeated starting from stat
with a 1 27 Oe field, at the same threshold current, t
resistance jumps to the value of the stable P configuratio

For clarity, in Fig. 3 we added the resistance versus c
rent curves obtained in the P and AP configurations and
vertical jumps from an intermediate resistance level to
levels of these two stable configurations are clearly obse
able. These jumps are the signature of DW depinning
displacement when the current exceeds a threshold value
have also found that, once the system is in the monodom
P or AP configuration, it cannot be driven back to a pinn
configuration~intermediate level of resistance! by varying
the current.

The absolute values of the depinning critical currents
repeated experiments are scattered between 1.5 and 5 m
can be pointed out that a current of 4 mA corresponds t
density of current crossing the neck of 2.63107, and 5
3106 A/cm2 if we consider only the current within the NiF
layer. This is in agreement with the order of magnitude giv
by Bergeret al. and Ganet al.11,12 However a crucial point
in our experiments is that the effect is symmetric with r
spect to the sign of the current, i.e., the DW is moved in
same direction for both current directions~cf. Fig. 3!. This is

e
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y

FIG. 3. Resistance vs current curves. States 1 and 2 correspond to
indicated on the GMR curve of Fig. 2.
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in contradiction with the theoretical predictions9 for DW
drag by spin transfer~and would also be in contradictio
with a hydromagnetic mechanism, which in any case, is
considered for our very thin layers!. This is also in contras
with the recent MFM observation of DW motion in perma
loy films.12

Another possible origin of DW drag is the curren
induced ~Oersted! field. The switching current of 4 mA
should induce an in-plane transverse field of 100 Oe. T
field is much larger than the coercive field of the DW, bu
has no component along the stripe that could be added to
applied field and directly contribute to the depinning. T
longitudinal component of the Oersted field is in avera
zero in the neck, but can reach local values up to a few t
of Oe, due to the neck geometry. This leads us to consid
possible twist and destabilization of the DW related to
inhomogeneity of the current-induced field. It should also
emphasized that a similar DW twist and depinning induc
by the inhomogeneity of the spin transfer torque cannot
ruled out. In other words, for the specific geometry of t
constriction, domain drag by spin transfer could also pres
different features than for DW in standard films.

In conclusion, we have shown that a dc current c
switch the magnetic configuration of a spin valve struct
by displacing a domain wall pinned by a constriction. T
origin of the effect is not clearly established: we are not a
to explain our results by the spin transfer model worked
for standard DW, or by the effect of the field generated
the current. Experiments with smaller constrictions should
useful to discriminate the two mechanisms. On the ot
hand, from a purely technological point of view, our findin
of current-induced switching in a spin valve device indica
a promising way to control the spin electronic device
Switching back and forth the configuration of a device
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moving a domain wall between two constrictions in a nan
second time scale should be the next step in this directio
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