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Abstract
The structural and magnetic properties of thin films and multilayers based on
Cox Si1−x magnetic layers and Si spacers have been studied by surface x-ray
diffraction, Auger electron spectroscopy and magneto-optical transverse Kerr
effect measurements. Surface x-ray diffraction has been used to follow the
evolution of the Co lattice as Si is incorporated into the network for the low Si
content range, 1.00 � x � 0.77, and a contraction of the unit cell, around 0.2%
out-of-plane and 0.9% in-plane, has been found. No fingerprint of structural
anisotropy in the grain size, either parallel or perpendicular to the magnetic
easy axis, has been detected. Magneto-optical transverse Kerr effect hysteresis
loops of single films show both an increase of coercive field and a rotation of
the magnetic anisotropy axis as Si enters the lattice in the polycrystalline range,
1.00 � x � 0.85. For the multilayer case, the loops confirm the formation of
antiferromagnetic ordering through the layers when the composition of the alloy
is tuned to be in the amorphous range. The corresponding AES signals show
asymmetric depth profiles, suggesting the formation of intermediate compounds
at the broader Co-on-Si interfaces.

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

1. Introduction

Interlayer exchange coupling through semiconducting spacers has attracted strong attention
in recent years, the Fe–Si system being the most intensively studied [1–7] although, recently,
several works have also focused on the Co–Si system. In particular, amorphous Cox Si1−x

alloys separated by Si spacers have been shown to couple antiferromagnetically with very low
switching fields, of the order of a few Oe [8, 9]. Also, polycrystalline pure Co/Si multilayers
have been shown to develop superparamagnetic, ferromagnetic [10], antiferromagnetic [11] or
oscillatory [12, 13] behaviours. In many cases diffusion processes have been reported and their
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influence on the magnetic coupling seems to be relevant [3, 14]. All this experimental work has
also stimulated several theoretical approaches concerning the origin of the coupling through
semiconducting spacers [15–17].

In order to improve the comprehension of the magnetic and structural properties of these
multilayered systems, good understanding of the basic properties of the corresponding single
thin films is required. Some facts already well established about Cox Si1−x single films are the
presence of an amorphous/polycrystalline transition at around x = 0.75 and the softer magnetic
behaviour of the amorphous films. Detailed works by Fallon et al [18, 19], have studied the
evolution of the structure with the Si content, although their deposition conditions are very
different from the ones used in this work, since their films were grown at higher pressures
and higher growth rates. More recent works have carefully characterized the evolution of
magnetic anisotropy and coercive field as the composition of Co–Si films is varied through
the polycrystalline/amorphous transition, confirming the softer and more anisotropic behaviour
of the amorphous films [20, 21]. However, although the origin of this magnetic anisotropy
is, in principle, related to the oblique incidence of Si atoms during growth, the structural
details leading to it are yet to be understood. In relation to this open question, extended x-
ray absorption fine structure (EXAFS) measurements suggest that Si induces the formation
of an amorphous phase in the polycrystalline matrix, and a reduction of the first neighbours
interatomic distance has been found [21].

Recent works have studied the growth of ordered cobalt silicides in Co films grown on
top of Si substrates or in Co/Si multilayers. In particular, cobalt silicide formation has been
shown to depend on the Si terrace size, on the annealing temperatures and on the relative Co/Si
thicknesses [22–29]. However, other works show no clear evidence of cobalt silicide formation
at Co/Si interfaces at room temperature and indicate a dependence of the Co texture on the Si
layer thickness [30]. Finally, it is worth mentioning that ordered nanodots of cobalt silicide
have been prepared by using polystyrene nanospheres lithography, with sizes and shapes that
can be controlled by adjusting the lithography and annealing conditions [31].

In this context, the main purposes of the present work can be summarized in the following
three points and the corresponding results are discussed in section 3.

(a) Characterization, by surface diffraction techniques, of the structural changes induced in the
crystalline network of CoxSi1−x films as the Si content is increased and the amorphization
proceeds, focusing on the polycrystalline range where diffraction measurements can give
valuable information. Special attention has been paid to the changes observed both in the
in-plane and out-of-plane diffraction peak positions and widths, related to variations in the
unit cell size and grain size, respectively.

(b) Study of the evolution of the corresponding magnetic hysteresis loops, following the
behaviour of the magnetic anisotropy and coercive field with Si content and comparing
it with the crystalline structural features. Specific measurements have been carried out to
check if there are differences in the grain size along both magnetically relevant directions
of the films that could be affecting the magnetic anisotropy.

(c) Characterization of the interface structure, stacking sequence and magnetic behaviour
of Cox Si1−x /Si multilayers, which, as already mentioned, have been shown to develop
antiferromagnetic coupling for compositions in the amorphous range [8, 9].

2. Experimental details

Samples have been prepared at room temperature by co-sputtering of pure Co and pure Si 2 inch
diameter targets in a system with 10−9 mbar base pressure. During deposition, Ar pressure was
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fixed at 1.0 × 10−3 mbar and the growth rates have been kept in the range 0.7–1.2 Å s−1. Both
targets are mounted on two flanges which lie in the vertical plane, while the substrate normal
lies in the horizontal plane. The Co target is in front of the substrate, whereas Si is 30◦ off the
substrate normal. This is an important detail since the magnetic anisotropy observed in these
films is related to the balance between normal incidence Co atoms and oblique incidence Si
ones.

Two types of substrates have been used: Si(111) wafers with native oxide on top and
amorphous fused silica substrates. In both cases the shape of the substrates was rectangular,
typical size around 10 mm × 8 mm, and the long side was kept horizontal during growth in
order to have a reference to evaluate the effect of oblique Si incidence. Amorphous fused silica
substrates have been used to reduce spurious contributions to diffraction patterns coming from
the crystalline substrate background.

Two different sets of samples have been prepared with different compositions:
(a) Cox Si1−x films; (b) CoxSi1−x /Si multilayers. In all cases a Si capping has been grown
on top to prevent oxidation, and a Si buffer has been initially grown on the substrate so that the
magnetic layer growth starts always from fresh Si. The capping and buffer thickness have been
fixed at 3 nm for the case of single films and are equal to the Si spacer thickness for the case of
multilayers (so that the multilayer symmetry is preserved).

Magnetic properties have been studied by the magneto-optical transverse Kerr effect
(MOTKE) [32]. The Kerr signal has been defined, as usual in the transverse configuration,
as the change in reflectivity induced by the magnetic state divided by the average reflectivity
of the sample. Auger electron spectroscopy (AES) composition depth profiles have been
performed with 3 KeV Ar+ ions in a Phi 3027 spectrometer equipped with a double pass
cylindrical mirror analyser (10−10 Torr base pressure). AES signals have been corrected by
the corresponding sensitivity factors of each element. Structural information has been obtained
by x-ray diffraction measurements. Two systems have been used, a laboratory Phillips X’PERT
PRO diffractometer, using Cu Kα radiation, and also the six circle vertical axis diffractometer
of beamline BM25 (Spline) at the European synchrotron radiation facility (ESRF), using
19.72 keV photons. The diffraction patterns obtained in the six circle diffractometer have been
denoted with the usual surface x-ray diffraction (SXRD) convention, that is, the reciprocal
lattice axis H and the K axis are lying in the film plane and the L axis is perpendicular to
the film surface. The real space lattice basis vectors have been chosen to match the Co FCC
structure, with moduli a1 = a2 = 2.507 Å (first neighbour distance) and a3 = 6.140 Å (three
times the interplanar distance 2.047 Å) and having angles between them of α1 = α2 = 90◦,
α3 = 120◦. The corresponding reciprocal basis vectors are: a∗

1 = a∗
2 = 2.895 Å

−1
(parallel

to the H and K axes, respectively) and a∗
3 = 1.023 Å

−1
(parallel to the L axis) with angles

α∗
1 = α∗

2 = 90◦, α∗
3 = 60◦. In-plane and non-specular out-of-plane scans have been acquired

at grazing incidence, 2◦, in order to enhance the thin film signal with respect to the substrate
background.

3. Results and discussion

In the following sections the results obtained for the two sets of samples, single films or
multilayers, are presented and discussed.

3.1. Polycrystalline Cox Si 1−x films

The research has focused on low Si content samples, which have been less studied in previous
works. Apart from a pure Co reference sample, x = 1.00, three more films have been prepared,
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(a)

(b)

Figure 1. (a) (0 0 L) scans of 50 nm thick Cox Si1−x films with x in the range 1.00–0.77; (b) (H 0
1) scans of 50 nm thick Cox Si1−x films with x in the range 1.00–0.77. Peaks are on a decreasing
background going from left to right.

corresponding to Co atomic fractions of x = 0.92, 0.85 and 0.77. All of them are 50 nm thick
and have been grown on amorphous fused silica substrates with a 3 nm Si buffer and a 3 nm Si
capping. In order to follow the modifications induced by the Si on the lattice parameters and
grain size induced, two types of scans mapping the reciprocal space have been acquired: (00L)
scans, to follow out-of-plane stacking, and (H 0 1) scans, to monitor in-plane ordering.

Figure 1(a) shows the evolution of the (0 0 3) specular peak when Si concentration is
increased. The trend shows that the position of the peak shifts to higher values in reciprocal
space, meaning that the interplanar distance perpendicular to the film plane decreases when
Si atoms enter the network. The reduction of peak intensity suggests that the amorphization
process is continuously taking place as Si is introduced in the network.

When the reciprocal space is mapped around the H direction in the (H 0 1) scans,
figure 1(b), information of in-plane ordering is obtained. Again, following the same trend
observed in the specular scans, the Si incorporation to the lattice leads to a shift of the (1 0 1)
peak towards higher values in reciprocal space, now meaning that the in-plane lattice parameter
also decreases with Si content. This behaviour may be related to the smaller atomic size of Si as
compared to Co. The trend is similar both for the in-plane and out-of-plane directions, as can be
visualized in figure 2(a). It indicates a unit cell contraction of around 0.9% in-plane and 0.2%
out-of-plane with respect to the pure Co unit cell. This result agrees with previous reports from
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(a)

(b)

Figure 2. (a) Position of the (0 0 3) peak, in specular scans (open squares), and the (1 0 1) peak, in
in-plane scans (filled circles), peaks as a function of Co concentration; (b) corresponding FWHM
of the same peaks. Continuous and dotted lines are shown just as a guide to the eye. Error bars have
been obtained from the fits.

EXAFS measurements, in the amorphous range, where the first shell radius has been found to
decrease when increasing Si concentration in Co–Si polycrystalline films [21]. On the other
hand, the evolution of FWHM for both peaks, shown in figure 2(b), suggests a sequence in
which the incorporation of Si into the network does not produce significant changes either for
the in-plane or out-of-plane grain sizes in the compositional range 0.92 � x � 1.00. However,
when the Si content is increased up to x = 0.85, the acceleration of the amorphization process,
again indicated by the reduction of the peak area, is accompanied by clear changes in the grain
size, leading to the growth of crystallites that are smaller in the film plane dimension and larger
in the out-of-plane direction. Finally, the film with higher Si content, x = 0.77, still shows
some degree of crystallinity, but the corresponding peak position and FWHM values have not
been included in figure 2 since the peaks are so weak and broad that no reliable estimation can
be obtained. In any case, the grains further reduce in size, both in-plane and out-of-plane, as
the amorphous/polycrystalline threshold is approached.

It is worth mentioning that the peak positions and FWHM shown in figure 2 have been
estimated after fitting the corresponding peaks of figure 1 with Lorentzian shape curves. For
the case of the specular peaks, just one component was enough to obtain good quality fits,
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whereas two components have been used for the case of the in-plane peaks. The data shown
in figure 2 for the in-plane peak position and FWHM correspond to the strongest of these two
components, the one having ∼80% of the total peak area and centred around H = 1.008. The
other contribution, ∼20% of the total peak area for the three compositions, has been used to
account for the shoulder observed at around H = 1.060. The corresponding fits of the in-plane
peaks, showing the two components used and the experimental data after linear background
correction from H = 0.9 to 1.2, are shown in figure 3. Interestingly, the width of the weakest
contribution is continuously decreasing as the Si content is increased, whereas its relative area
increases, from 20.5% to 22.7% of the total peak area, for the 1.00 � x � 0.85 range. This
behaviour suggests that this component may be related to grains that are more stable during the
amorphization process than the ones related to the stronger component.

In addition to the (0 0 L) and (H 0 1) scans, and taking advantage of the six circle
diffractometer geometry, a non-specular (1 0 L) scan has been acquired for the pure Co film.
This scan has the advantage of being able to distinguish ABCABC... stacking from fcc structure
from the ABABAB... stacking characteristic of hcp ordering [33]. In the first case, two peaks
are expected at around L = 1 and 2 (one for ABCABC . . . and the other for the ACBACB . . .).
For the hcp case a peak should appear at around L = 1.5 [34]. The (1 0 L) scan depicted in
figure 4 shows a clear peak at around L = 1, a second peak, less intense, around L = 2 and no
peak in the middle. This means that the predominant stacking corresponds to fcc type, although
the strong background suggests that smaller fractions of disordered and/or hcp stacking may
also be present in the film. A further step can be given to check the in-plane mosaicity by
sitting on top of the (1 0 1) peak and rocking the sample around the azimuthal axis normal to
the surface. The result, not shown, is a flat scan with no significant intensity changes, meaning
that the mosaicity is homogeneous, with no preferential in-plane ordering.

Concerning the magnetic characterization of these films, the corresponding MOTKE loops
are shown in figure 5 for the samples discussed above. Also, a 50 nm thick amorphous sample,
x = 0.74, grown on Si(111) with native oxide, has been included as a reference. As already
mentioned, the substrates have rectangular shape and their long side has been kept during
growth perpendicular to the evaporation plane (EP). In the geometry used, this plane, defined by
the two target and the substrate normals, is the vertical plane. The magnetic field for measuring
the loops has been applied, along the sample surface, either parallel to the evaporation plane
(i.e. parallel to the substrate short side) or perpendicular to it (i.e. parallel to the substrate
long side). The loops show that all the films have a certain degree of magnetic anisotropy, in
principle related to the Si oblique incidence, but only the amorphous one, x = 0.74, has a
well-defined easy axis, which is oriented along the substrate long side, that is, perpendicular to
the evaporation plane. Interestingly, as can be seen in figure 5, the direction of the magnetic
easy axis is the same for x = 1.00, 0.77 and 0.74 films, that is, perpendicular to the evaporation
plane, but it rotates 90◦ for the intermediate polycrystalline compositions, x = 0.92 and 0.85,
where the easy axis is parallel to the evaporation plane.

In order to verify if some structural anisotropy is playing a key role in the evolution of
magnetic anisotropy observed in figure 5, two in-plane (H 0 1) scans have been measured
for each sample: one defining the H reciprocal lattice axis to be parallel to the sample long
side (i.e. perpendicular to the evaporation plane) and the other redefining H to be parallel
to the sample short side (i.e. parallel to the evaporation plane). The result is shown in
figure 6 for the four compositions. All the scans have a peak around H = 1 whose position
is related to the lattice parameter and whose width is linked to the grain size. Figure 6
shows that, for all the samples, both (H 0 1) scans are identical when they are measured
corresponding to the H axis parallel or perpendicular to the evaporation plane. This means
that no significant differences are observed in the lattice parameter or in the grain size of
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(a)

(b)

(c)

Figure 3. Lorentzian components (thin lines) used to fit the experimental data (open symbols), after
linear background correction, for (a) x = 1.00, (b) x = 0.92 and (c) x = 0.85. The corresponding
fits are shown as a thick line.

the crystals along both magnetically relevant directions of the sample. It is also worth
considering the relative evolution of both components observed in the in-plane SXRD peaks
(cf figure 3) and of the arrangement of the incipient amorphous areas formed as Si concentration
increases. The competition between the magnetic contribution from these polycrystalline and
amorphous areas may lead to the observed rotation of the magnetic easy axis direction for the
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Figure 4. Non-specular (1 0 L) scan of 50 nm thick Co film. Dotted lines mark the position
corresponding to L = 1 and 2.

Figure 5. (a) MOTKE loops for magnetic field applied perpendicular to the evaporation plane;
(b) MOTKE loops for magnetic field applied parallel to the evaporation plane.

samples having x = 0.92 and 0.85, although more information is needed to elucidate this
point.

Another remarkable fact shown in figure 5 is the strong increase of the coercive field as Si
atoms are incorporated into the film, having a maximum at x = 0.85. One aspect to consider
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(a)

(b)

(c)

(d)

Figure 6. In-plane (H 0 1) scans measured for the four 50 nm thick samples with x = 1.00,
0.92, 0.85 and 0.77. In each panel two scans are shown, one for the H axis oriented parallel to the
evaporation plane and the other redefining the H direction to be perpendicular to the evaporation
plane.

in order to understand this behaviour is the reduction of the total magnetization as Si enters the
lattice. Also, the increase of FWHM of the in-plane peak corresponding to x = 0.85, shows that
in-plane grain size is being reduced, so that the density of grain junctions that can act as domain
wall pinning centres increases, giving an additional contribution to the increase of coercive
field. However, more subtle details should be taken into account since the increase in coercive
field is already observed for Co rich concentrations, like x = 0.92, where the grain size is quite
similar to the one of the pure Co film. In particular, the Si induced defect distribution may
play an increasingly relevant role from the very beginning of the amorphization process, even
when the grain sizes have not significantly changed, offering extra domain wall pinning centres.
Again, the arrangement and size of the incipient amorphous areas may also affect the pinning of
the domain walls. Finally, when the composition is further reduced to x = 0.77, although some
degree of crystallinity still exists, the disordered amorphous regions may become dominant, so
that fewer domain wall pinning centres exist and the film becomes softer. Also the magnetic
anisotropy comes back to the orientation characteristic of the amorphous compositional range.
However, uniaxial magnetic anisotropy with closed hard axis loops is only obtained when the
amorphization process is completed, since, in that case, there are no crystals randomly oriented
and the local anisotropy is not spread around several directions.
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Figure 7. Low angle reflectivity patterns of 10 period multilayers. Each period is made of 5 nm
magnetic material and 4 nm Si spacer. One multilayer has been made with magnetic layers having
x = 0.74 and the other with x = 1.00.

3.2. Cox Si1−x /Si multilayers

From the above discussion it is evident that the composition of Cox Si1−x thin films has a clear
influence on their structural and magnetic properties. As a result, the magnetic behaviour
and structure of Cox Si1−x /Si multilayers is also expected to be strongly dependent on their
composition. In order to study this dependence, several multilayers have been prepared with
the following structure: (Sid /Cox Si5 nm

1−x )n/Sid /substrate, where d is the Si layer thickness in nm
(4–15 nm) and n is the number of periods of the multilayer (n = 6 for multilayers having
d = 15 nm and n = 10 for multilayers with d = 4 nm). The magnetic layer thickness has been
kept fixed at 5 nm. Two compositions have been chosen, one corresponding to the amorphous
range, x = 0.74, and the other to the polycrystalline one, x = 1.00.

As a first characterization, grazing incidence x-ray reflectivity curves, using Cu Kα

radiation, have been measured in order to verify if the stacking of both multilayers is well
defined. The corresponding curves are shown in figure 7 for the case d = 4 nm, where the first
four orders corresponding to the multilayer periodicity are clearly observed, meaning that the
multilayer structure is well preserved after growth. These periodicities correspond to distances
of ∼9 nm, which fits the nominal periodicity of 5 nm + 4 nm, corresponding to the nominal
thickness of the magnetic layer + Si spacer. In addition to the different orders related to the
multilayer periodicity, some oscillations related to the total sample thickness are also visible.

It is worth noting that previous analyses of reflectivity curves, measured in this kind of
multilayers for the case of 2 nm thick Si spacers, suggest the formation of asymmetries at the
interfaces, pointing to the growth of intermediate CoSiy compounds in the Co-on-Si interface,
whereas the Si-on-Co interface appears with a sharper profile [8]. This trend, indirectly derived
from the analysis of XRD reflectivities, has now also been observed by AES depth profiling, as
can be seen in figure 8, panel (a) for the case x = 0.74 and panel (b) for x = 1.00. For
carrying out these depth profiles, and in order to make easier the characterization of each
interface, two multilayers having a thicker Si spacer, d = 15 nm, have been prepared so
that the AES measurements are able to distinguish between different layers. AES profiles
monitoring Co LMM, Si KLL, C KLL and O KLL peaks confirm again that the periodicity
of both multilayers is well defined, with periodic changes in both Co and Si signals arising
from the stacking sequence of the multilayer, as expected from the observation of multilayer
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(a)

(b)

Figure 8. AES depth profiles of Co LMM, Si KLL, C KLL and O KLL signals of six period
multilayers with a 15 nm Si spacer; (a) 5 nm amorphous magnetic layers (x = 0.74); (b) 5 nm
polycrystalline magnetic layers (x = 1.00).

peaks in the XRD reflectivity patterns. The compositional profiles also show that the samples
have a low contamination level, since, apart from the usual C and O surface contamination,
also slightly observed in the sample/substrate interface, the C and O signals inside the layers
remain always negligible. The layers are resolved in both samples, although they appear
convoluted with mixing processes induced by the 3 keV Ar+ ions used to carry out the profile
that avoid the Co signal to go completely down to zero in the Si layers and vice versa. The
Co/Si signal ratio in the Co layer is higher for the nominally 100% Co sample, as it should
be. However, the most relevant feature observed in the AES profile is the asymmetric saw
tooth like shape of the Si and Co peaks. The asymmetry shows that the width of the Co-on-Si
interface is higher than the Si-on-Co one (a factor 1.8 higher). This feature is compatible with
the formation of a CoSiy intermediate compound at the broader interface, as already suggested
by XRD analysis [8], although possible asymmetric mixing effects should also be taken into
account. It is worth mentioning that interface compounds and asymmetries resembling the
ones discussed above have also been reported in other multilayered systems [35, 36]. The
formation of such intermediate compounds is related to the activation of diffusion processes at
the interfaces [19, 37].

Finally, concerning the magnetic properties of these multilayers it is worth recalling
the strong compositional dependence of the single film magnetic behaviour. As previously
discussed, the main structural difference between both compositions is that for x = 0.74
the magnetic material has an amorphous arrangement, whereas the case x = 1.00 leads to

11
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(a) (b)

(c) (d)

Figure 9. Normalized MOTKE loops of 10 period multilayers. Each period is made of 5 nm
of magnetic material and 4 nm Si spacer. Panels (a) and (c) show the easy (magnetic field
applied perpendicular to the evaporation plane) and hard axes (magnetic field applied parallel to
the evaporation plane) corresponding to a magnetic material having x = 0.74 and panels (b) and
(d) to the polycrystalline one, x = 1.00. Note that panel (a) has a different X axis scale.

a polycrystalline ordering [20, 21]. This structural change leads to very different magnetic
behaviours. Figure 5 already shows that amorphous single films develop well-defined in-plane
magnetic uniaxial anisotropy. Typical values of the anisotropy fields for 5 nm thick films are
around 20 Oe. Also, the easy axis loops have very low coercive fields, only tenths of Oe for
x = 0.74 and 5 nm thick films. On the contrary, polycrystalline single films with x = 1.00
have much higher coercive fields, around 14 Oe for 5 nm films, and smaller anisotropy [8].

Following this trend corresponding to single films, the magnetic behaviour of multilayers
prepared by stacking magnetic films of these compositions, either x = 0.74 or 1.00, separated
with Si, also shows very different features, as can be seen in the MOTKE hysteresis loops
of figure 9. Panels 9(a) and (c) correspond, respectively, to the easy and hard axes of
the multilayer (Si4 nm/Co0.74Si5 nm

0.26 )10/Si4 nm/substrate, that is, the one based on x = 0.74
amorphous magnetic material. On the other hand, panels 9(b) and (d) correspond to the easy
and hard axes of a similar multilayer, but with x = 1.00 instead of x = 0.74 for the magnetic
layers: (Si4 nm/Co5 nm)10/Si4 nm/substrate. Figure 9 shows that both easy and hard axis loops
change significantly with the magnetic layer composition. The most interesting features appear
in the case of the easy axis of the amorphous multilayer, panel 9(a), where the plateau at
low magnetic field, with a remanence value close to zero, indicates the formation of an AF
state [8]. Interestingly, the magnetic field needed to switch the magnetization from positive
ferromagnetic (F) alignment to negative F alignment is very low, only ±1 Oe, which shows
that the coupling strength is very low [8, 9].

On the other hand, the easy axis of the polycrystalline multilayer, panel 9(b), shows no
plateau, the remanence is not going down to zero and the coercive field, around 14 Oe, is the
same as that of the single 5 nm Co magnetic layers used to build up the multilayer. This is
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confirming that, in this case with x = 1.00, no AF alignment is formed at remanence. One of
the reasons is that the coercive field needed to start the reversal process is much higher than
the switching field associated with the coupling, hindering the formation of possible weakly
coupled AF states.

Concerning the hard axis, strong differences are also observed between both multilayers,
as is evident in panels 9(c) and (d). The x = 0.74 multilayer has a closed hard axis loop,
mimicking the behaviour of the corresponding single film, indicating a very well-defined in-
plane uniaxial magnetic anisotropy, with an anisotropy field to reach saturation of around 20 Oe.
As already mentioned, this anisotropy is related to oblique incidence. However, although the
oblique incidence is known to be clearly related to the formation of magnetic anisotropies [38],
the microscopic details of this effect, interatomic distance anisotropy, mesoscopic islands, or
anisotropic roughness, still remain unclear and more studies are needed in order to elucidate
them. On the other hand, the case of x = 1.00 shows an open hard axis loop typical of
polycrystalline films where crystalline anisotropy contributions dominate and average down
with the random crystal orientation, so that the formation of a well-defined in-plane anisotropy
is hindered.

4. Conclusions

The structural evolution of the Co crystal lattice as Si is introduced in the network has been
followed by SXRD in single Cox Si1−x films with composition ranging between x = 1.00 and
0.77. The results show that a continuous process of amorphization is taking place accompanied
by a contraction of the unit cell, both in-plane (0.9%) and out-of-plane (0.2%). In-plane
SXRD measurements indicate that no significant structural differences in the corresponding
peak position and FWHM are detected when measuring along the magnetic easy or hard
axes, suggesting that the magnetic anisotropy is not related to asymmetries in the grain
size distribution. Magnetic hysteresis loops of single films show an increase of coercive
field and a rotation of the magnetic anisotropy as Si concentration is increased in the range
1.00 � x � 0.85. The loops for the multilayers confirm the antiferromagnetic alignment of
the magnetic layers when their composition is tuned to be in the amorphous range. Finally,
low angle x-ray reflectivity patterns and AES depth profiles have shown that the multilayer
stacking is well defined. Furthermore, the asymmetries observed in the AES depth profile
signals suggest the formation of intermediate compounds at the broader Co-on-Si interfaces.
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