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Abstract
We have investigated the magnetization reversal and the magnetic anisotropy of epitaxial
Co(1 1 2̄ 0) and Fe(0 0 1) films and compared them with epitaxial
Co(1 1 2̄ 0)/Cr(0 0 1)/Fe(0 0 1) trilayers with spin valve characteristics. Furthermore, by
e-beam lithography we have cut the single layers and the trilayers into the shape of wires to
study the effect of the shape anisotropy and the dipolar interaction between the wires on their
switching characteristics. We found that patterning very much affects the magnetization
reversal of the single films by introducing an additional anisotropy term. Dipolar interaction
between the different wires may exist but is less obvious. However, the remagnetization
process of the patterned trilayers resembles more those of the continuous single films than a
combination of the Co and Fe wires. We argue that this is due to a weak but remaining
interlayer exchange coupling between Co and Fe, mediated by the intervening Cr layer.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The giant magneto-resistance (GMR) effect, discovered by
Peter Grünberg and Albert Fert [1, 2], required for its operation
the long range and oscillatory interlayer exchange coupling
(IEC) between two ferromagnetic layers (F), mediated by a
non-magnetic normal metal (N) spacer layer. For specific
and well-defined spacer layer thicknesses the adjacent F
layers are coupled antiferromagnetically in remanence. In
an external magnetic field the layer magnetization of both
layers switches to the parallel orientation, thereby lowering the
magnetoresistance. Soon after, it was noticed that IEC is not
intrinsic to the GMR effect [3, 4]. If one layer magnetization
direction is fixed in space and the other one is essentially free to
rotate via an external field, the thickness of N can be increased
from about 1 nm to several nanometres, the upper limit is only
restricted by the spin diffusion length, which can reach several
hundred nanometres [5]. Usually one of the F layers is pinned
via exchange bias to an antiferromagnetic (AF) layer [4]. The
layer sequence required for the operation of a GMR device is
thus F/N/F/AF, which was termed a ‘spin valve’. Instead of
pinning one of the layers via coupling to an antiferromagnet,

alternatively one may use two different ferromagnetic layers,
one magnetically soft layer F1 with a coercive field Hc1 and
another magnetically harder layer F2 with a coercive field
Hc2 > Hc1 [3]. The layer sequence is then F1/N/F2. In an
external field the soft layer will switch first, followed by the
harder layer at higher fields. In the intermediate field range
Hc1 < H < Hc2 both layers are antiparallel oriented, as
required for the GMR operation. Furthermore, the fabrication
of F1/N/F2 type spin valves is easier than that of F/N/F/AF
spin valves, as deposition of the AF layer can be dispensed.
Co/Cr/Fe trilayers with thick Cr spacer layers have been shown
in the past to be excellent examples for a spin valve type
magnetization reversal [6], and the GMR effect has been
determined by Buchmeier et al [7].

For practical applications in spin valve devices the
trilayers need to be patterned in the lateral direction. Lateral
patterning of thin films has two effects. Depending on
the shape and aspect ratio new magnetic anisotropies may
be introduced. And second, depending on the distance
between individual spin valves interaction and correlation
effects may occur. For functional use with high packing
density both effects call for attention. In previous studies
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on Co nanowires, correlation effects during switching of the
wires were observed [8]. The aim of this study is to extend
these investigations to laterally pattern Co/Cr/Fe trilayers and
to decide whether their switching behaviour is correlated or
independent. In the latter case Co/Cr/Fe spin valves could
be useful for high density magnetic random access memory
(MRAM) integration.

2. Sample preparation

The epitaxial layers were grown by molecular beam epitaxy
(MBE) on epi-polished MgO(0 0 1) substrates. The pressure
during film deposition was better than 1×10−9 mbar. A 30 nm
thick Cr(0 0 1) buffer layer grown at 450 ◦C and subsequently
annealed at 750 ◦C is necessary for a good epitaxial growth
of the Co/Cr/Fe spin valve structure. Cr exhibits a so-called
45◦-epitaxy on MgO(0 0 1) with the [1 0 0] crystallographic
axes of both materials being aligned at an angle of 45◦ to each
other [9].

All subsequent layers were grown at a reduced substrate
temperature of 300 ◦C. This temperature was found to be an
optimum between good epitaxial growth and low interfacial
mixing. The epitaxy of Fe on the Cr buffer is pseudomorphic
because of a lattice mismatch of only 0.6% between both
bcc materials. In contrast, Co is a hcp material and grows
in (1 1 2̄ 0) orientation on Cr(0 0 1) with Co[0 0 0 1] being
parallel to Cr[1 1 0] [10, 11]. However, because of similarities
between the hcp(1 1 2̄ 0) and the bcc(0 0 1) surfaces and small
lattice mismatches of 0.07% parallel to Co[0 0 0 1] but 6.4%
along Co[1 1 2̄ 0], Co grows pseudomorphically on Cr(0 0 1)
by adopting its bcc structure. Subsequently, Co undergoes
a continuous bcc–hcp phase transition during growth over a
thickness range of 4–5 nm [10]. Because of two equivalent
{1 1 0} in-plane axes in Cr(0 0 1) two different Co(1 1 2̄ 0)

domains form with an angle of 90◦ to each other. The thickness
of the Cr interlayer between Co and Fe was chosen to be 3.1 nm
to mediate a weak antiferromagnetic (AF) coupling as was
found in [6]. The thicknesses of both magnetic layers (4.0 nm
for Co and 3.0 nm for Fe) were chosen to be different due
to their different magnetic moments and with the intention of
a cancellation of the film magnetic moment in the antiparallel
state of Co and Fe layer magnetization. The layers were capped
with Cr for oxidation protection.

The quality of the samples was verified in situ by reflection
high energy electron diffraction (RHEED) and ex situ by x-ray
scattering. In figure 1 a representative set of RHEED pictures
taken from the Fe, the Cr and the Co surfaces are shown
with streaks oriented along the MgO[1 0 0] and the Mg0[1 1 0]
orientation. Additionally, a RHEED picture taken from the
Co surface with streaks parallel to the Co[1̄ 1 0 1] direction
is presented. Here Co is already in the hcp phase as can be
verified by the existence of streaks in these directions which
is not the case in Cr nor in the Co bcc phase. The presence
of the Co hcp phase can also be verified by additional weak
reflections along the MgO[1 1 0] orientation as compared with
the equivalent Cr RHEED pattern.

After growth the films were patterned into the form of
stripes of 2 µm width and with a periodicity of 3 µm by using

Co[ 101]1

Cr[110]Cr[100]

Fe[110]Fe[100]

Co[0001]Co[1 00]1

Figure 1. RHEED pictures taken from different surfaces parallel to
the MgO[1 1 0] orientation (left), to the MgO[1 0 0] orientation
(middle) and from the Co surface parallel to the Co[1̄ 1 0 1]
orientation (right).

electron-beam (e-beam) lithography and ion beam etching
techniques. A negative resist was spin coated on the single
films and the trilayer structure, exposed to the e-beam, and
subsequently etched by a neutralized Ar-ion beam. The stripe
orientation was chosen to be parallel to one of the easy axes.
A schematic drawing of the sample design for the spin valve
structures is shown in figure 2.

3. Experimental results

3.1. Structural properties

3.1.1. Unpatterned samples. X-ray measurements were
performed to verify the layer thicknesses, the quality of the
interfaces and the epitaxy of the films. For these measurements
an x-ray source of high brilliance is indispensable to analyse
the structural properties of such a complex system. Therefore,
we used the synchrotron beam line (BL9) of the DELTA
synchrotron at the Technical University Dortmund with an
incident energy of 11 keV. Figure 3 shows x-ray reflectivity
data from a sample with a design as shown in the left panel of
figure 2. Both well-defined oscillations and a linear drop in the
intensity on a logarithmic scale indicate a high quality of layers
and interfaces as well as very smooth interfaces. Transverse
scans across the reflectivity curve are shown in the inset and
feature Yoneda wings on both sides of a narrow central peak,
which is indicative of some structural roughness. The double
peak structure at the specular peak position can be explained
by at least two different surface areas which are slightly canted
against each other. This observation is often made from MgO
substrates and may occur during polishing of large surface
areas.

The out-of-plane crystalline quality of the sample is
revealed by a longitudinal high angle scan as shown in figure 4.
Sharp Fe(0 0 2) and Co(1 1 2̄ 0) peaks indicate an excellent
crystal quality. Similar lattice parameters of 0.2867 nm for Fe
and 0.2885 nm for Cr lead to one common Fe/Cr(0 0 2) peak
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MgO (001)MgO (001)
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Figure 2. Schematic sample design of unpatterned and patterned samples used for this study. (Colour online.)

Figure 3. Specular reflectivity taken from a sample with a layer
sequence as shown in figure 2. Inset: rocking curves across the
reflectivity taken at 2θ = 1.01◦ and 2θ = 1.16◦. (Colour online.)

Figure 4. High angle x-ray scan taken from a Cr/Co/Cr/Fe/Cr/MgO
sample with a layer sequence as shown in figure 2. Inset:
magnification of the Fe/Cr peak with Laue oscillations at both sides.

at 2θ = 46.03◦, together with Laue oscillations on either side,
as shown in the inset of figure 4. The intensity of this peak is
much higher than that of the Co(1 1 2̄ 0) peak and is determined
mainly by the thick Cr buffer layer. Furthermore, the width of
the Co peak can be explained by its finite thickness.

To ensure the epitaxial quality we additionally performed
in-plane Bragg scans for different sample orientations.
Therefore, we used surface scattering techniques with glancing
incident and exit angles. The incident angle was kept constant
and equal to the critical angle for total external reflection from
the surface. The intensity of the exit beam was integrated over
a wide range of exit angles via a wide open detector slit. With
this set-up the structural information is averaged over the entire

Figure 5. In-plane Bragg scan parallel to the MgO[1 0 0] direction.
(Colour online.)

thickness. After identifying a particular in-plane reflection we
performed an in-plane θ : 2θ radial scan across this reflection.
This scan reveals the quality of the different layers by the full
width at half maximum (FWHM) of their respective Bragg
peaks.

One example for a measurement across the MgO(2 0 0)
in-plane Bragg reflection is shown in figure 5. This scan
includes the Co(1 1̄ 0 0) peak on the low angle side of the
MgO(2 0 0) peak and a superposition of a sharp peak from
Fe/Cr(1 1 0) with a FWHM of less than 1◦ and a broader peak
from Co(0 0 0 2) on the high angle side of MgO(2 0 0). From
these scans a pseudomorphic growth of Fe on the Cr buffer
layer can be verified as well as a 45◦ epitaxial relation between
Fe/Cr and MgO.

From these measurements it is possible to calculate the
coherent scattering volume for Co and for Cr/Fe. The coherent
scattering volume can be taken as equivalent to the crystal
grain size. The value for Co is 15 nm × 15 nm × 3 nm.
For the Fe and Cr peaks a coherent scattering volume of
40 nm × 40 nm × 25 nm can be estimated. The smaller in-
plane grain size of the Co film as compared with the Cr/Fe
layer may be due to the bcc–hcp phase transition in the former
layer. The perpendicular coherence volume is essentially given
by the film thickness.

Finally, we investigated the relative epitaxial relationship
of the different layers via azimuthal scans as shown in
figure 6. For these measurements we kept the absolute value
of the scattering vector fixed to the particular maximum of
the respective Bragg peak intensity and performed scans of the
in-plane sample orientation over a range of 360◦. We recognize
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the parallel orientation for the Cr{1 1 0} and the MgO{1 0 0}
in-plane axes showing the 45◦ epitaxial relation between Cr and
MgO as already demonstrated in figure 5. The hcp structure of
the cobalt film is clearly visible in the Co in-plane azímuthal
scan, showing 8 peaks resulting from two different Co(1 1 2̄ 0)

domains with an angle of 90◦ to each other [11]. These
crystallographic results allow a clear determination of the
sample orientation with respect to the easy and hard magnetic
axes. This, in turn, is important for the sample orientation
during e-beam lithography.

3.1.2. Patterned samples. The quality of the patterned
samples was investigated by scanning electron microscopy
(SEM) using a secondary electron detector (SED) and an
energy dispersive detector (EDX). A representative intensity

Figure 6. Results of in-plane azimuthal scans of the Cr/Fe(2 0 0),
the Cr/Fe(1 1 0) and the Co(1 1̄ 0 1) in-plane Bragg reflections.
(Colour online.)

Mg-K -Mapα O-K -Mapα

Fe-K -MapαCr-K -Mapα Co-K -Mapα

SEM-picture

6µm

Figure 7. SEM and energy dispersive maps of a patterned sample according to the layer sequence shown in figure 2. SEM measurement
providing basic structural information, and EDX maps performed at the Kα edges of the respective materials O (top row, middle), Mg (top
row, right), Cr (bottom row, left), Fe (bottom row, middle) and Co (bottom row, right). The lines indicate integrated intensity scans shown in
figure 8. (Colour online.)

map with a SED is reproduced in the top left panel of figure 7.
The shape and the periodicity of the stripes can be observed
with this method. However, the trenches between the stripes
are not easy to confirm via this method. Therefore, we have
taken EDX maps on the Kα edges of the respective elements of
the substrate and the trilayer stripes, giving information on the
local position of the different metals in the sample. Although
the resolution of this method is on the order of the width of the
trenches to be investigated, the EDX maps of Co, Fe and Cr
confirm exactly the parameters of the sample design, including
their width and separation. Vice versa, the elements of the
substrate are visible in the trenches. The profile of the stripes
is also confirmed by integrated intensity scans shown in figure 8
for the different elements along the lines indicated in the top
left panel. From these measurements we can safely assume
that the stripes are well separated and that any direct magnetic
contact is rather unlikely.

For additional structural information on the patterns,
atomic force microscopy (AFM) measurements were
performed. In figure 9 the left panel shows an AFM image
with a clear contrast with respect to the shape of the stripes.
The separation of the magnetic films is clearly visible by a
plot of the profile of the stripes as shown in the right image
of figure 9 and displaying a height of more than 50 nm. This
is much more than the thickness of the four top layers which
is only around 14 nm. Thus the etched trenches between the
stripes penetrate deep into the substrate and clearly separate
the different stripes.

The structural quality of the stripe array is also expressed
by Bragg reflections from the artificial lateral periodic
structure. We have confirmed this by soft x-ray scattering
using a resonant enhancement of the signal by tuning the x-ray
energy to the L2 edge of Fe. The experiments were done using
the x-ray resonant magnetic scattering chamber ALICE at the
BESSYII synchrotron facility. Figure 10 shows the result from
a rocking curve in an angular range of ±5◦ with the detector
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fixed at 10◦. Bragg peaks can be observed up to very high
orders. Furthermore, it should be noted that the intensity of
every third peak is reduced due to the 2 : 1 ratio between the
thickness of the Fe stripes and the distance between them.

3.2. MOKE magnetometry

The magnetic properties of the patterned and unpatterned
structures were studied via the vector-magneto-optical Kerr
effect (V-MOKE) [12]. Figure 11 shows the dependence
of the remanent magnetization on the sample orientation for
continuous and single Fe and Co films, and for an Co/Cr/Fe
trilayer. All three samples display a fourfold anisotropy with
the magnetic easy axes directed along the sample diagonal.
A comparison with the x-ray in-plane data confirms that
the easy axes are aligned along the in-plane {1 0 0} and the
{1 1̄ 0 1} directions for Fe and Co, respectively. The anisotropy
of Fe agrees with the reported anisotropy for (1 0 0) oriented
thin films [13]. For Co (1 1 2̄ 0) oriented films, however,
one would expect a strong uniaxial anisotropy with the easy
axis along [0 0 0 1]. The fact that we observe a fourfold
anisotropy can be explained by the twinning of Co(1 1 2̄ 0)
on the Cr(0 0 1) surface with two degenerate structural and
magnetic domains [14]. The combined magnetic anisotropy
of the trilayer system is qualitatively the same as for the single
layers.

While the magnetic anisotropy directions of the single
films and the trilayer are identical, their coercivities are hugely

Figure 8. Integrated intensity for the different elements. The area of
integration in the SEM picture with respect to the line scans shown
in the panel is marked in figure 7.

Figure 9. AFM measurement of a representative sample presenting a 3D plot of the stripes pattern (left) and a line scan across the stripes
(right). (Colour online.)

different. The Co film exhibits a very large coercivity of
180 mT, which is a result of the epitaxial film structure and its
thickness [15], while the coercivity of the Fe layer is less than
1 mT. In figure 12 the azimuthal dependence of the coercivity
at 50% magnetization for the continuous Co film is plotted,
which exhibits the same fourfold anisotropy as the remanent
magnetization. In the trilayer the coercivity is completely
dominated by the Co film and will be discussed in more detail
further below. Here the coercive field is taken at 20% of the
saturation magnetization, because of the step in the hysteresis
curve, and the coercive field values for the ascending and
descending branches are averaged.

Figure 13 presents magnetic hysteresis loops for Fe and
Co single films as well as for a Co/Cr/Fe trilayer before and
after patterning. Both the longitudinal (x) (along the field)
and the vertical (y) (perpendicular to the field) components
of the magnetization reversal in the sample plane are shown
in each case. In the left column the hysteresis loops of the
unpatterned films with the field applied along one of the easy
axes are presented. Both of the single films show only a
weak y-component of the magnetization at the coercive fields,
indicating that the reversal process is dominated by nucleation
of domains and domain wall motion, with some additional
rotation of moments. We note that the continuous Co film
has a maximum in the y-component at field values, which
are slightly smaller than the coercive field Hc derived from
the x-component. This is due to the coherent rotation of the
magnetic domains which starts for fields H < Hc.

The trilayer hysteresis loop is typical for a spin valve
structure. At the first coercive field HFe the Fe moments
reverse. The Co moments reverse at the second coercive field
HCo. In the trilayer the y-component of the magnetization
is completely suppressed, indicating domain processes during
the reversal without any rotation of moments. From this we
infer the presence of a weak IEC coupling between the Fe and
the Co layers mediated by the intervening Cr layer.

After patterning the remagnetization process is changed
considerably in the single films but not very much in the
trilayer as can be seen by comparing the middle and right
columns with the first column of figure 13. In the middle
column measurements are reproduced with the field applied
perpendicular to the stripes and the right column measurements
are shown with the field applied parallel to the stripes.

We first discuss the patterned Fe film. In the patterned Fe
film only a weak y-component is observed when measuring
with the field applied parallel to the stripes. This indicates
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Figure 10. Rocking curves across the reflectivity of Fe stripes taken
at the L2 edge of Fe at 2θ = 10◦.

Figure 11. Azimuthal plot of the remanent magnetization as a
function of sample orientation for the continuous Fe, Co and
Co/Cr/Fe films and trilayers, respectively. (Colour online.)

Figure 12. Azimuthal dependence of the Co and Co/Cr/Fe coercive
fields for the continuous films are plotted as a function of sample
orientation. Further details are described in the main text. (Colour
online.)

that domain propagation proceeds along the stripe direction
which are oriented parallel to one of the easy axes. In contrast,
upon magnetization perpendicular to the stripe direction a
very large y-component is observed, which is a clear sign
of a coherent rotation process. In fact, the y-component

reaches 100% of the magnetization during reversal. Such
behaviour is only expected in the case of a single domain within
the stripes. All together one can conclude that patterning
implements a strong anisotropy on the magnetic reversal of
Fe layers, which can be explained by a reversal through large
domains.

The magnetization reversal of the Co stripes is completely
different from that of the Fe ones. Patterning affects the
reversal process in both directions parallel and perpendicular
to the stripes. In the perpendicular direction all previous
y-components are suppressed. Here, the reversal is driven
entirely by nucleation processes, in strong contrast to that of
the Fe stripes when applying the field perpendicular to the
stripes. In the Fe stripes, the reversal is completely coherent,
whereas in the Co stripes it is completely incoherent. The
reversal of the Co film taken with the field parallel to the
stripes exhibits a small y-component with a slight slope up
to the coercivity for ascending as well as for descending fields.
This yields a small hysteresis of the y-component, which
is quite unusual and indicates some permanent transverse
magnetization component most likely due to canted moments.
This may be due to the creation of ripple domains and
correlations between the moments across the stripes as was
recently already observed for CoFe stripes [8]. Rippling is a
phenomenon known to occur in Co films ([16]) and leads to
an alternating canting of moments within the small domains
and with respect to the applied field direction. Here, due to
coupling across neighbouring stripes larger areas with tilted
magnetic moments may build up, similar to recent observations
by polarized neutron reflectometry (PNR) on Co stripe arrays,
which exhibit hyperdomains stretching over several stripes
[8, 17]. Surprisingly and in contrast to these previous studies,
here a tilt of the magnetization vectors is observed in the
MOKE data, whereas before this effect was only seen by
PNR. This difference was explained by the different averaging
procedure that MOKE and PNR take by integrating over
different magnetic domains, leading to a cancellation of the
transverse signal in MOKE but not in PNR. From the fact that
a small transverse signal is observed in the present data even via
MOKE we infer that areas with a tilted mean magnetic moment
larger than the coherence area of the laser spot with a diameter
of about 500 µm builds up across the Co stripes. Considering,
furthermore, that Co performs a bcc–hcp transition during
growth, which is accompanied by a change in the anisotropy
axis within individual domains, may explain the stabilization
of such a tilt.

So far it has been realized that patterning of the single
layers introduces a magnetization behaviour which is changed
with respect to the unpatterned film and which is also
completely different for Fe and Co. The patterning of
the trilayer is therefore expected to yield interesting results.
Surprisingly, comparing the MOKE measurements from the
unpatterned and the patterned trilayer films yields not much of
a difference. For fields parallel to the stripes the hysteresis
loops are very similar to those of the unpatterned trilayer.
The y-component is almost completely suppressed. The Fe
magnetization reversal remains very sharp and proceeds most
likely via domain propagation. The Co reversal is essentially
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Figure 13. Vector-MOKE measurements on Co/Cr/Fe (upper row), Fe (middle row) and Co films (lower row). In the left column
measurements on unpatterned samples, in the middle column measurements on the patterned samples with the magnetic field applied
perpendicular to the stripes and in the right column measurements on the patterned samples with the field parallel to the stripes are shown.
Crosses (dots) designate the x(y)-component of the magnetization, respectively. For more explanations, please refer to the main text.
(Colour online.)

the same as without patterning. Even the small hysteresis in
the transverse component as seen in the patterned Co film is
not visible in the trilayer. Applying the field perpendicular
to the stripe direction the hysteresis does not change much,
aside from a small spike of the y-component at the coercivity
of the Fe film. This spike is reminiscent of the coherent
rotation of the single Fe stripes and shows that Fe keeps
some coherent magnetization rotation. The magnetization
reversal of the striped trilayer is obviously dominated by the
weak interlayer coupling or by dipolar interaction between
the two magnetic layers on top of each other. It is also quite
surprising that any anisotropy, which is artificially introduced
by the patterning, becomes strongly suppressed through this
interaction and it may even be speculated that the domain
nucleation in both layers is influenced by coupling effects.
Furthermore, domain growth results in domains whose sizes
are much smaller as compared with the domains in pure Fe
films and stripes. The influence of the Fe layer on the Co
magnetization may also be responsible for the suppression of
any ripple domains during reversal. From this we infer that
the size of the magnetic domains in the Co stripes for either
parallel or perpendicular reversal is much smaller than the
stripe width.

3.3. Magnetic force microscopy

For gaining further information on the magnetic domain
configuration we performed magnetic force microscopy
(MFM) studies. Figure 14 shows images of the Co stripe
pattern, the Fe stripe pattern and the striped Co/Cr/Fe trilayer
with Co at the top. The images were taken in remanence and
at room temperature.

The MFM image of the Co stripes confirms very clearly the
existence of small ripple domains in Co, as already speculated
from the MOKE hysteresis data. Rippling occurs over a
large field range, possibly ranging from slightly negative fields
towards fields somewhat larger than the coercive field for the
ascending branch and similarly for the descending branch [8].
Most likely the small transverse hysteresis observed by MOKE
for the field direction parallel to the stripes is connected with
the rippling of the magnetization.

In contrast, the MFM image of the Fe pattern shows
a completely different picture. We observe a nearly single
domain state within each of the stripes with some of the stripes
already reversed. Most likely the reversal proceeds via large
hyperdomains as all of the left stripes have a grey MFM contrast
whereas all of the right ones have a white MFM contrast with
a domain boundary in between. Additionally, all Fe stripes
show end domains with a darkened MFM contrast.
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Figure 14. MFM measurements on Co, Fe and Co/Cr/Fe stripes. (Colour online.)

The MFM image of the patterned trilayer does not show
very much contrast and appears quite smooth. With some
difficulties, few small domains of a similar size as seen in the
Co stripes can be recognized. The low contrast is probably
a result from the fact that fewer flux lines emerge due to
the coupling between both magnetic layers, as was already
speculated from the MOKE data. Thus, the MFM results nicely
confirm the observations and conclusions already made from
the MOKE data.

Finally, we would like to comment on the relation between
grain size and magnetic domain size. For soft magnetic
materials there is usually not a close relationship between
these two quantities. The domain size observed is usually
much bigger than the grain size. This is also confirmed here
by the domain size in the Fe stripe array, which consists of a
single domain state while the grain size (coherency volume)
has a lateral extension of a few nanometres only. In the Co
stripes the magnetic domain size appears to be much smaller,
but still bigger than the grain size. In general, the IEC and/or
dipolar fields in the samples considered here have a much
bigger effect on the magnetization reversal than the grain size
in these epitaxial films.

Concluding, patterning changes the reversal process of the
single Fe and Co films dramatically. However, in Co/Cr/Fe
trilayers exchange and/or dipolar coupling lifts the coherent
rotation and the reversal becomes essentially the same for the
continuous and for the patterned heterostructure. Thus in the
patterned trilayers interlayer exchange interaction dominates
over shape anisotropy. This is an important finding for
potential integration of Co/Cr/Fe spin valves into dense arrays,
such as in MRAM devices.

4. Summary

We have investigated the magnetization reversal of epitaxial
Fe and Co films as well as of Co/Cr/Fe trilayers by vector-
MOKE and MFM methods. We have compared these results
with the reversal that can be observed after patterning the films
and trilayers into the shape of stripes.

The results show that the magnetization reversal of
epitaxial Co(1 1 2̄ 0) and Fe(0 0 1) stripe arrays is changed
with respect to their unpatterned counterparts. In particular,
patterning of the Fe film induces an additional magnetic
anisotropy. Applying the field parallel to the stripe direction
the domain propagation proceeds entirely along that direction.
This leads to the observation of a coherent rotation when

applying the field perpendicular to the stripes. For the Co film
we found that the magnetization reversal is not as strongly
affected by the patterning process into stripes as it is the case
for Fe. The Co reversal is characterized by a large coercive field
of about 180 mT, almost 100% remanence and an incoherent
reversal with a small transverse magnetization component
when the field is applied along the stripes. We explain this
transverse component as due to a tilt of the magnetization
with respect to the applied field due to the formation of ripple
domains. In contrast, the reversal of Fe is very sharp, with a
very small coercivity of less than 1 mT and 100% remanence.

In the case of the trilayers we find that the magnetization
reversal of the continuous film and of the stripe pattern is very
similar. From this we conclude that interaction between the
layers via exchange or dipolar stray fields dominates over the
shape anisotropy. Obviously the stripe width of 2 µm is much
larger than the average domain size. The large Fe domains,
which are observed in the patterned Fe films, are reduced in size
due to coupling to the Co stripes. Thus, in patterned Co/Cr/Fe
spin valve structures proximity effects to neighbouring islands
can be neglected, making them suitable for high density
integration. Similar conclusions have been derived from the
investigation of antiferromagnetically coupled and laterally
structured CoFe/Ru/CoFe trilayers [18]. Indeed in MRAM
devices the feature size is much smaller than that investigated
in this work. However, we expect that by reducing the element
size of the Co/Cr/Fe stacks stray field compensation still works
when the individual layer thicknesses are adjusted so as to
cancel out the magnetization in the remanent state.
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