
K. Mandal, M. Vázquez, M. Tena, F. J. Castaño, D. García, C. Prados, and A. Hernando

Abstract—Magnetic anisotropy was induced in amorphous
Fe80B20 and Co75Si15B10 thin films by growing them on bowed
substrates. On releasing the substrates from the substrate holders,
a tensile stress was developed within the samples which induced
a magnetoelastic anisotropy and modified the domain structure.
As a result of it, a magnetic easy axis parallel to the direction
of the stress was developed in positive magnetostrictive FeB
sample whereas in negative magnetostrictive CoSiB sample the
induced easy axis was perpendicular to the direction of developed
stress. To produce magnetic multilayers with crossed anisotropy,
FeB/CoSiB bilayers and FeB/Cu/CoSiB trilayers were grown on
bowed substrates. The magnetic layers in FeB/CoSiB were found
to be coupled which was reduced by depositing a Cu layer between
them in FeB/Cu/CoSiB trilayer.

Index Terms—Amorphous magnetic thin film, induced
anisotropy, tensile stress.

I. INTRODUCTION

T HE development of anisotropy in magnetic materials, par-
ticularly in thin films, is a topic of growing interest [1], [2].

The macroscopic magnetic properties of a ferromagnetic mate-
rial are mainly governed by its anisotropy. Magnetic multilayers
with individual layers having anisotropy in different directions
can give rise to large magnetoresistance or magnetoimpedance
[1], [2]. Thin films with anisotropy in a particular direction can
be used as sensor materials. Due to the absence of magnetocrys-
talline anisotropy, the magnetic properties of amorphous mag-
netic materials are found to be a sensitive function of external
stress. It is now well established that a strong anisotropy can
be induced in an amorphous magnetic material by applying an
external stress. Very recently, magnetic anisotropy was induced
in amorphous magnetic thin films by developing a compressive
stress within the films [3].

In the present paper, magnetic anisotropy was developed in
Fe B and Co Si B amorphous thin films by depositing
the films on the concave surfaces of bowed substrates. A tensile
stress was developed within the films when the substrates were
released from their holders. In positive magnetostrictive FeB
samples, a magnetic easy axis parallel to the direction of the ten-
sile stress was developed where as for negative magnetostrictive
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CoSiB samples, the induced magnetic easy axis was perpendic-
ular to the stress direction. In order to produce thin films with
crossed anisotropy, multilayers composed of FeB and CoSiB
were prepared. To identify the effect of stress, similar samples
were grown on unbowed substrates. Comparative study of mag-
netic properties of bowed samples with their unbowed counter-
part clearly indicates the development of a tensile stress induced
anisotropy in the films prepared on bowed substrates.

II. EXPERIMENTAL

Amorphous Fe B and Co Si B thin films were
prepared using a planar magnetron radio frequency sput-
tering system. The films were grown on the concave surfaces
of mechanically bent corning glass slides of dimension

mm. A permanent tensile stress was developed
within the films when the substrates were released after film
deposition. All the substrates were bent to the same extent
to generate the same stress effect within the films. The base
pressure of the sputtering chamber was mbar and
the argon gas pressure maintained during the deposition was

mbar. The deposition rates of the materials under these
conditions were determined by low angle X-ray diffraction.

FeB and CoSiB monolayers, FeB/CoSiB bilayers and
FeB/Cu/CoSiB trilayers were prepared on bowed substrates
as well as on unbowed substrates to identify the effect of
stress. FeB and CoSiB layers in the films were prepared
with two thicknesses, 500 Å and 1000 Å whereas a 500 Å
thick Cu layer was deposited between FeB and CoSiB in the
trilayers to reduce the coupling between them. The saturation
magnetostriction constant, of FeB is and that
of CoSiB is . The amorphous character of the
films were checked by X-ray diffraction. Suitably cut pieces
from the central part of the substrate were used for magnetic
measurements. A vibrating sample magnetometer was used for
magnetic measurements. The domain structure of the films was
observed by a magneto-optical Kerr effect imaging system.

III. RESULTS AND DISCUSSIONS

The angular variation of the coercive field, of 1000 Å
thick FeB and CoSiB monolayers deposited on bowed and un-
bowed glass substrates is shown in Fig. 1. The substrates were
bent along the 90direction in Fig. 1. Therefore, a tensile stress
was developed within the films along that direction on releasing
the substrates from their holders. The results of unbowed sam-
ples show the isotropic angular variation of coercivity whereas
bowed samples show the development of anisotropy along a par-
ticular direction. In the case of the positive magnetostrictive FeB

Induced Magnetoelastic Anisotropy in FeB/CoSiB
and FeB/Cu/CoSiB Thin Films



Fig. 1. The angular variation of coercive field of (a) FeB and (b) CoSiB
monolayers deposited on bowed and unbowed substrates.

Fig. 2. Hysteresis loops of (a) FeB and (b) CoSiB along 0and 90 directions.

sample, the coercivity along the tensile stress direction [90or
270 directions in Fig. 1(a)] is Oe which is lower than that
( Oe) perpendicular to the stress direction (0or 180 direc-
tions). The CoSiB sample [Fig. 1(b)] shows the opposite trend
as it is negative magnetostrictive in nature and the coercivity de-
creases from Oe along the 90or 270 directions to Oe
along the 0 or 180 directions.

The hysteresis loops of FeB and CoSiB monolayers along the
0 and 90 directions are shown in Fig. 2. The FeB sample can
be more easily magnetized along the 90direction compared to

Fig. 3. Domain structure of FeB at (a) 8.4 Oe. (b) 10.2 Oe. (c) 12.8 Oe.

the 0 direction [Fig. 2(a)]. On the contrary, the 90direction
is the harder direction for the CoSiB monolayer [Fig. 2(b)] and
more field is necessary for its saturation along this direction.
As the magnetostriction coefficient of FeB is almost an order of
magnitude higher than that of CoSiB, the effect of stress is more
prominent in the FeB sample. The 500 Å thick monolayers show
results similar to those observed in the 1000 Å thick films.

The domain structure of the FeB and CoSiB monolayers was
investigated by the magneto-optical Kerr effect and Fig. 3 shows
the domain structure of a 1000 Å thick bowed FeB monolayer.
The 180 domains are oriented along the stress direction and a
small change in magnetic field from 8.4 Oe to 12.8 Oe along
that direction removes the domain walls and hence gives rise to
a large change in magnetization. This is also evident from the
hysteresis loop measurements in Fig. 2(a) where the anisotropy
field along the 90 direction is Oe. If the magnetic field
is applied perpendicular to the stress direction (0direction) a
large magnetic field is necessary to saturate the sample in that
direction [Fig. 2(a)].

In order to produce magnetic thin films with crossed
anisotropy, FeB/CoSiB bilayers and FeB/Cu/CoSiB tri-
layers were prepared. The 0and 90 hysteresis loops of
bowed FeB(1000 Å)/CoSiB(1000 Å) and FeB(1000 Å)
/Cu(500 Å)/CoSiB(1000 Å) samples have been plotted in
Figs. 4 and 5 respectively and they are compared with the
hysteresis loops of corresponding unbowed samples measured
along the 90 direction only (also plotted in the respective
figures) as the hysteresis loops of unbowed samples measured
along different directions are almost the same. In Fig. 4, due to
the strong coupling between the magnetic layers, the hysteresis
loops do not show the presence of two materials with different



Fig. 4. Hysteresis loops of bowed FeB/CoSiB along (a) 0. (b) 90 direction.
(c) Unbowed FeB/CoSiB along 90direction.

Fig. 5. Hysteresis loops of bowed FeB/Cu/CoSiB along (a) 0. (b) 90
direction. (c) Unbowed FeB/Cu/CoSiB along 90direction.

anisotropies. However the higher coercivity of the bowed
FeB/CoSiB along 90 compared to that of the unbowed one
indicates that the orientation of the hard axis of the CoSiB layer
in the bowed sample along that direction. In Fig. 5, the FeB
and CoSiB layers are separated by a Cu layer and the shape
of the hysteresis loops are different from those in Fig. 4. A

slow increase in magnetization with field is observed when the
bowed FeB/Cu/CoSiB film is magnetized along the 0direction
as the anisotropy field of FeB ( Oe) is much higher than
the coercive field of CoSiB ( Oe). On the other hand, the
hysteresis loop of this sample along the 90direction shows
most prominently the presence of two magnetic layers with
different anisotropies as this direction is the easy axis direction
of FeB and hard axis direction of CoSiB. The shape of the
hysteresis loop of the unbowed sample in Fig. 5 is intermediate
between 0 and 90 hysteresis loop of bowed sample.

The experimental results described above can be explained
considering the development of anisotropy due to a tensile stress
in the films deposited on a bowed substrate. If a film is grown
on the concave surface of a bent substrate, on releasing the sub-
strate from the substrate holder, a permanent tensile stress,, is
generated within the film along the direction of bending. This
stress, , induces a magnetoelastic anisotropy energy,

where is the magnetostriction coefficient of the
sample and the angle betweenand magnetization in a do-
main. When is positive, as in the case of the FeB sample, more
180 domains are oriented along the direction ofto reduce
the value of and hence the total magnetic energy. Therefore,
a magnetic easy axis is developed along the direction of stress
as shown in Fig. 3. Magnetization along this direction mainly
takes place by domain wall displacement and a smaller field is
required to saturate the sample along this direction compared to
the other directions. This is clearly evident from the hysteresis
loop measurements shown in Fig. 2(a). In case of CoSiB,is
negative and more 180domains are oriented in a direction per-
pendicular to to minimize the magnetic energy of the sample.
As a result, the 0 direction is the easy axis direction and the
90 direction (tensile stress direction) is the hard axis direction
of the CoSiB layer as observed in Figs. 1(b) and 2(b).

IV. CONCLUSION

Magnetic anisotropy was induced in amorphous FeB and
Co Si B thin films by growing the films on bowed sub-
strates. On releasing the substrates from their holders, a tensile
stress was generated within the films. As a result of this stress,
a magnetic easy axis parallel to the stress direction was devel-
oped in positive magnetostrictive FeB samples whereas in neg-
ative magnetostrictive CoSiB samples, the developed magnetic
easy axis was perpendicular to the stress direction. Magnetic
multilayers composed of FeB and CoSiB prepared on bowed
substrates show the development of crossed anisotropy, partic-
ularly when they are separated by a nonmagnetic Cu layer.
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