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In-plane magnetic anisotropy and domain structure of FeNi films
deposited in the presence of a magnetic field of various configurations
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FeNi films in circular shape with 3 mm in diameter obtained by magnetron sputtering in the presence of a
constant magnetic field of various configurations are studied. The presence of a field created by a permanent
magnet with a diameter of 1.2mm, the magnetization of which is oriented perpendicular to the plane of the
substrate, leads to the formation of a vortex-like magnetic structure in the film, characterized by diffuse domain

walls.
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1. Introduction

Thin magnetic films form the main working material of
spintronics devices [1]. One of the main functional parame-
ters of such materials is magnetic anisotropy. Some appli-
cations require pronounced uniaxial magnetic anisotropy in
plane or perpendicular to the film plane, others, on the
contrary, require no magnetic anisotropy to enhance the
magnetic softness of the film elements [1,2]. The main ways
of forming induced magnetic anisotropy in the film plane are
by oblique sputtering and film deposition in the presence of
a magnetic field oriented in the substrate plane [2-4|. Film
sputtering in the presence of a magnetic field perpendicular
to the substrate plane can increase perpendicular magnetic
anisotropy, the occurrence of which is generally due to the
film’s microstructure, namely the columnar structure [5-7].
The reduction of magnetic anisotropy in the sample plane
is most often achieved by exposing the deposited film
to a magnetic field rotating in the substrate plane or by
subsequent additional thermomagnetic treatments [8,9]. In
addition, this problem is solved by matching the geometric
shape of the objects [10]. The size of these elements is
usually in the range of fractions to tens of microns. Never-
theless, there is also interest in millimeter [11] scale objects.
Data on the influence of the vertical magnetic field in the
sputtering on the formation of magnetic anisotropy in the
film plane are very sparsely reported in the literature [12].
The present work presents the results of studies of in-plane
magnetic anisotropy and domain structure features of FeNi
film elements deposited in the presence of magnetic fields
of different configuration, including the one generated by
a permanent magnet, magnetization of which was oriented
perpendicular to the substrate plane.
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2. Technique of studies

FeyoNigp films of 40nm thickness were deposited on
glass substrates by magnetron sputtering of the target in
an argon atmosphere. Sputtering was done through a metal
mask, making it possible to form elements in the form of
a circle of 3mm in diameter. The films were deposited
either in the absence of an external magnetic field (samples
of type F1) or in the presence of a constant magnetic
field of 200 Oe¢ oriented in the substrate plane (F2). In
addition, elements deposited in the presence of a magnetic
field generated by a permanent magnet of diameter 1.2 mm
whose magnetization was oriented perpendicular to the
substrate plane (F3) were obtained. The perpendicular
field strength on the surface of the magnet was 400 Oe.
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Figure 1. Diffraction pattern of F1 type sample.
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Figure 2. Magneto-optical hysteresis loops and corresponding images of magnetic domain structure obtained in two mutually
perpendicular directions for samples F1 (a, ), F2 (c,d) and F3 (e f). For images of the domain structure: the axis of application of
the measuring magnetic field is oriented horizontally.
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The structure of the film samples was studied using a
Bruker D8 Advance X-ray diffractometer and a Ntegra
Prima atomic force microscope. The magnetic properties of
the samples were studied using the Lake Shore Cryotronics
vibrating magnetometer and the Evico magneto-optical Kerr
microscope.

3. Produced findings and discussion

The different film preparation conditions had no noti-
ceable effect on the structural features of the films. The
crystalline FCC structure of all samples was characterized
by the texture (111). Fig. 1 shows an example of an
F1 sample diffraction pattern. The average crystallite size
determined using the Scherrer formula was 10nm. The
RMS surface roughness amplitude Ry, for all FeNi films
did not exceed 0.3 nm.

Magneto-optical (MO) hysteresis loops were measured
for all three sample types at different orientations of the
magnetic field in the sample plane. The elements were
found to have varying degrees of magnetic anisotropy in the
film plane. For F2 samples, a pronounced induced uniaxial
magnetic anisotropy was observed, with easy magnetization
axis (EMA) coinciding with the axis of the magnetic field
applied during film deposition. The MO hysteresis loop
measured along the EMA had a characteristic rectangular
shape, and the sample remagnetization process was carried
out by moving the domain boundaries (Fig. 2, ¢). The MO-
loop measured at right angles to the EMA was characterized
by a markedly lower hysteresis, the smooth change in the
MO-contrast being evidence of remagnetization of the film
due to rotation of the spontaneous magnetization vector
(Fig. 2,d). The presence of uniaxial magnetic anisotropy is
also confirmed by the angular dependence of the coercive
force Hc, where 0 — the angle between the measuring
field direction and the EMA (Fig. 3,b). The magnitude
of the magnetic anisotropy field Hy was 3.5 + 0.5 Oe. The
nature and possible mechanisms of this so-called M-induced
anisotropy in polycrystalline films 3d- and their alloys are
well studied [13].

In-plane angular MO measurements revealed uniaxial
magnetic anisotropy also for F2 samples deposited in the
absence of an external magnetic field. The criterion for
determining the EMA orientation was the highest value of
residual magnetization, as values H¢ for the EMA and the
perpendicular direction differed by only 0.1 Oe (Fig. 2,4, b).
However, the angle dependence H: confirms the presence
of weak uniaxial anisotropy (Fig. 3, a; angle values 0° and
180° correspond to the measurement field direction along
the EMA). The probable cause for this magnetic anisotropy
is the presence of a laboratory magnetic field in the substrate
holder area, the magnitude of which proved sufficient to
orient the magnetization of the growing film.

For type F3 samples, the differences in the shape of the
hysteresis loops measured in the conditional ,easy“ and
,hard“ magnetization directions are even less pronounced
(Fig. 2,¢f). The angular dependence of the coercive force
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Figure 3. Angular dependence of the coercive force for samples
F1 (a), F2 (b) and F3 (c).

has an almost isotropic appearance (Fig. 3,¢). The config-
uration of the domains and the weakly pronounced domain
walls in fields close to the coercive force, (Fig. 2, ¢, f) suggest
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Figure 4. Local MO hysteresis loops for F3 type sample. The loop number corresponds to the point number on the sample (c¢). The
arrows on (a) and (b) show the orientation of the axis, along which the measuring field was applied, relative to the sample (c).

a vortex-like magnetic state [9,14,15] occurring in this type
of samples.

Obviously, a magnet field of 4000Oe is not enough
to line up the magnetization of the growing FeNi film
perpendicular to its surface. However, the horizontal
component of the magnet field is quite sufficient to orient
the magnetization in the film plane. The sputtering
geometry defines the radial distribution of the horizontal
component of the magnet’s field. Assuming M- the induced
nature of the magnetic anisotropy formed in the film, a
radial distribution of light magnetization axes in the sample
plane can be expected. To test this assumption, local MO
hysteresis loops were measured at three different points in
the sample. The MO signal was recorded from a surface
area of 200 um x 200 um, at each point, the measurements
were made with the field orientation in the film plane
along two mutually perpendicular axes (Fig. 4). It can
be seen that with the field orientation along the sample
radius, rectangular hysteresis loops were observed at all
points. When the field orientation in the film plane is
perpendicular to the sample radius, loops characteristic
of sample remagnetization along the ,hard“ magnetization
direction were recorded at points / and 3. The shape
of the loop measured at point 2 is expected to approach
rectangular. The lack of complete rectangularity of the loop
is due to the measurement deviation of the point 2 from the
center of the sample. Thus, the combination of the obtained
hysteresis loops indicates that in F3 type samples, the local
EMA are oriented along the sample radius.

4. Conclusion

In film cells FeyoNigp 3mm in diameter, produced by
magnetron sputtering in the presence of constant magnetic
field of different configuration, induced magnetic anisotropy
in the sample plane occurs. The orientation of the
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easy magnetization axis is determined by the orientation
of the film’s magnetization during deposition (M-induced
anisotropy). The presence of a field generated by a perma-
nent magnet of diameter 1.2mm, whose magnetization is
oriented perpendicular to the substrate plane, leads to the
formation in the film plane of a radial distribution of axes of
easy magnetization, which contributes to the formation of a
vortex-like magnetic structure in the element.
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