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Abstract. Strips with a length of 20 mm and width from 0.1 to 2 mm were fabricated by laser lithography
from permalloy (Fe,,Nig,) films with thicknesses of 50, 100, and 200 nm, obtained by magnetron
sputtering on quartz substrates. In the first series of samples, the uniaxial magnetic anisotropy induced
by the presence of a constant magnetic field in the film plane during deposition was oriented along the
long axes of the strips, and in the second series perpendicular to them. The anisotropic properties of the
samples were determined from the angular dependencies of ferromagnetic resonance fields measured
on a scanning spectrometer. It was found that in the first series of samples, with decreasing strip width,
the anisotropy monotonically increases several times while barely changing its direction. In the samples
of the second series, it first decreases almost to zero at a certain strip width, and then rapidly grows
while simultaneously rotating by ~ 90°. The phenomenological calculation of uniaxial anisotropy in
uniformly magnetized film strips shows good agreement with the experiment.
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1. INTRODUCTION

Thin magnetic films (TMF) have been attracting
researchers' attention for many years not only due
to their unique properties [1-3] but also due to the
possibility of creating various microwave electronic
devices [4-6] and sensitive elements for weak
magnetic field sensors [7-9]. It is important to note
that the frequency range of such microwave devices
is typically limited by the ferromagnetic resonance
(FMR) frequency [10]. However, according to the
Kittel equation [11], the FMR frequency for thin
films with uniaxial magnetic anisotropy H, for the
case when the external field direction H coincides
with the easy magnetization axis, is determined by
the expression

wy = y\(H + H,)(H + H, +4nM ),

where y — is the gyromagnetic ratio, and M  — is
the saturation magnetization. Note that in general,
for a selected magnetic material, the value of
M remains practically unchanged over a wide
frequency range. Consequently, the FMR frequency
can be altered either by an external magnetic field
or by the uniaxial anisotropy field. However, using
a magnetizing system to create a magnetic field
in practice leads to increased size and weight of
the structure, and accordingly, to complications
and higher costs of the final magnetoelectronic
microwave device. Therefore, a very promising
approach is to investigate the possibilities of creating
magnetic films with a specified uniaxial magnetic
anisotropy field for the required operating frequency
range of magnetoelectronic devices. As known, there
are many methods for forming uniaxial magnetic
anisotropy in films. For example, it can be induced
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by an external magnetic field applied in the film
plane during deposition [12, 13] or after its deposition
during heat treatment [14]. Magnetic anisotropy can
be controlled within wide limits using the oblique
deposition method [15, 16], as well as by creating
elastic stresses in films made of magnetostrictive
materials through various methods [17, 18].

BRecently, film structures consisting of micro-
and nano-sized strips [9, 19-26], obtained by modern
lithographic methods, have attracted considerable
attention from researchers. Several studies have
shown that in elongated microelements, there
appears an additional contribution to the uniaxial
magnetic anisotropy energy due to demagnetizing
fields [22, 23, 25]. Studies of anisotropy behavior
features depending on strip shape and distance
between them have demonstrated the possibility
of controlling magnetic anisotropy magnitude and,
consequently, the natural FMR frequency (without
constant magnetic field) in such structures within
wide limits [21, 26]. However, demagnetizing fields
in such microstrips are inhomogeneous, which leads
to the excitation of multiple additional magnetostatic
modes of magnetization oscillations [19, 20, 24],
which prevent direct use of the studied structures in
magnetoelectronic devices.

In this work, we investigate the anisotropic
properties of local areas of individual rectangular
permalloy strips with different thicknesses and
different ratios of their long and short axes. Such
studies allow not only to examine patterns of
anisotropy behavior depending on strip width but
also to demonstrate possibilities of fabricating
TMEF samples with predetermined magnetic
anisotropy magnitude, variable within wide limits.
The distinctive feature of this work is that the
studied strips of specified thickness were fabricated
from a single magnetic film, and their magnetic
characteristics were measured using local FMR
spectroscopy. This approach ensures that the
observed changes in magnetic characteristics of
strips of different widths are caused solely by their
geometry.

2. SAMPLES AND MEASUREMENT
METHODOLOGY

Magnetic films were deposited on JGS1 grade
quartz glass substrates with a thickness of 0.5
mm and surface roughness less than 1 nm. The
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deposition was carried out using the "ORION-40
TM" system (South Korea) by magnetron sputtering
of a permalloy target Fe,,Nig, manufactured
by "Kurt J. Lesker” with composition purity 99.95
%. As known, such permalloy has near-zero
magnetostriction, therefore almost no elastic
stresses arise in the samples when magnetized in
any direction. During film deposition, the argon
vapor pressure in the chamber was 1.8 mbar, and the
magnetron current density at the target was 21 mA /cm?
and provided a deposition rate of 2.34 E/s. The
deposition rate was determined by measuring the
thickness of control films using X-ray fluorescence
analysis [27], which allows determining sample
thicknesses with accuracy better than &1 nm, and
the thickness of the obtained films was calculated
based on the deposition time.

To create uniaxial magnetic anisotropy in the
samples, the substrates were placed in a special
frame assembled from samarium-cobalt magnets
in a copper casing, creating a uniform magnetic
field in the film plane with magnitude H; ~ 200
Oe. This field in the substrate area is ~30 times
higher than the magnetron field, due to the relatively
large distance from the target to the substrates~
150 mm. It is important to note that the substrates
were heated to 200°C, during deposition, which
provided not only high adhesion but also minimal
ferromagnetic resonance linewidth in the samples.

Studies of the influence of film shape on their
anisotropic properties in the first experiment were
conducted on rectangular samples with dimensions
of 5x10 mmz, deposited at the center of square
substrates with dimensions of 12 x 12 mm?. In each
deposition cycle, two samples were simultaneously
deposited through corresponding windows in the
substrate holder. The long axis of one window was
oriented along the constant magnetic field, while the
other was perpendicular to it (Fig. 1a). As a result,
the uniaxial magnetic anisotropy induced in the
plane of the first film (L-sample) is oriented along
its long axis, and the second (S-sample) along its
short axis. Samples with thicknesses from 20 to
250 nm were fabricated using this method.

In the second experiment, samples deposited on
substrates with dimensions of 24 x 30 mmz, were
studied, in two series with thicknesses of 50, 100,
and 200 nm in each series. In the first series, during
deposition, the long axes of the substrates, as in the
first experiment, were oriented along the magnetic
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Fig. 1. Top view of the substrate holder — (@) and photograph of 14
TMF strips fabricated by laser lithography — (b)

field, and in the second series — perpendicular
to it. Then, using laser lithography on a
4PG 101 Heidelberg Instruments (Germany) system,
14 strips of equal length 20 mm but with decreasing
width from 2.0 to 0.1 mm were fabricated by
chemical etching on each film, parallel to the short
side of the substrates and arranged one after another
with 1 mm gaps (Fig. 16). Such gaps between strips
with thicknesses up to 200 nm practically exclude
their interaction.

The anisotropic properties of film samples were
studied using ferromagnetic resonance (FMR)
method, which has high accuracy especially in the
decimeter wavelength range [28]. The measurements
were conducted on a scanning spectrometer [29,30]
using new measuring heads [31] that significantly
increase its sensitivity. The locality of measurements
is determined by the hole diameter in the head of 0.8
mm, meaning the FMR signal is taken from a film
area of ~ 0.5 mm’. The planar magnetic field sweep
in the spectrometer is carried out using Helmholtz
coils, and the spectra were recorded on the reverse
sweep to eliminate hysteresis phenomena, with the
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sample being magnetized by a 300 Oe field after
each rotation. It is important to note that the sweep
field direction in the experiments coincides with the
laboratory field direction (mainly determined by
Earth's field), which is automatically accounted for
during spectra recording.

From the resonance field dependencies Hy,
taken from the angle of the constant magnetic
sweep field direction 6, the effective saturation
magnetization M o> Was determined, as well as
the magnitude #, and direction angle 6, of the
uniaxial magnetic anisotropy field of the measured
film section. For this purpose, a formula was used
that relates the field H; at a fixed frequency f of
the specific measuring head with the magnetic
characteristics of the sample [13], excluding the
negligibly small unidirectional anisotropy field in
the studied samples:

AN
[%] = [Hg cos(0y; — 0y,) + H, cos2(6, — 0,;)] x

X [4mM 5 + Hg cos(Oy — 6y) + H,cosX(6, — Oy)],
(1

where the equilibrium direction ,, of the effective
saturation magnetization of the film Meﬁ, is
determined considering the equation

Hpsin(0; — 0y,) + %Ha sin2(6, — 6),) =0, (2)

obtained from the minimum condition of the film's
free energy density [13].

To determine the parameters of magnetic films,
the "FMR-extractor” program [32] was used,
which allows automatic calculation of magnetic
characteristics of samples from the measured
dependencies Hg(0),), taken at the frequency f of
microwave oscillations. Experiments studying the
magnetic characteristics of TMF were conducted on
the measuring head with a generator frequency of
f =1.840 GHz, at which H, exceeds the anisotropy
field during magnetic field sweep along the easy
magnetization axis.

3. EXPERIMENTAL RESULTS

Figure 2 shows typical angular dependencies
Hy(0,) of two films with dimensions 5x10 mm?
and thickness d = 100 nm, measured from local
areas in the center and near the edge of the samples,
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marked by white dots in the figure insets. As the
experiment showed, the films have different uniaxial
magnetic anisotropy, as they were deposited in a
planar magnetic field directed either along their long
or short axes. The anisotropy field in the center of
L-sample is HaL =3.8 Oe (QaL =(°), and in the
center of S-sample is Hf =3.50e¢ (6?;9 = 90°).

90 135 180 225 270 315 360
0., deg

0 45

Fig. 2. Angular dependencies of FMR field for 100 nm thick films
(dots — experiment, lines — calculation)

The significant difference in resonance fields
between central and edge areas observed in each
film, when the sweep magnetic field is oriented
along the long axes of the samples, is related to
demagnetizing fields arising at the film edges, which
obviously lead to an increase in the resonance field
H , at these points. Considering the fact that when
the sweep field is directed along the short axes of
the films, the resonance fields in the center and at
the edge of the samples are almost identical due
to the absence of demagnetizing fields in this case,
consequently, the anisotropy for S-sample at the
edge point increases compared to the central point,
while for L-sample it decreases.

Figure 3 shows the distributions of anisotropy
field inhomogeneities (a) and effective saturation
magnetization (b), measured across the area of
these same samples with an equal step of 0.5 mm
along coordinates x and y. It can be seen that in
films of such thickness, edge effects associated
with demagnetizing fields are well manifested at
distances over 1 mm. Meanwhile, in the center
of the films, the uniaxial magnetic anisotropy
field, as already noted, is higher in L-sample than
in S-sample.
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Interestingly, the distributions of effective
saturation magnetization across the area of both
samples differ slightly from each other, and in the
centers of the films, they absolutely coincide and
equal Meﬂ = 994 emu/cm3 . It is important to note
that the angles of uniaxial magnetic anisotropy
direction vary very slightly across the area, and only
near the film corners do they reach their maximum
deviations from average values with alternating signs
of these deviations at adjacent corners of the samples
0F =0° +£0.9°, 65 =90° +0.8".

Research has shown that the anisotropy field
measured in the center of L-samples is always
higher than in S-samples at any film thickness
(Table 1). The table shows not only that the uniaxial
anisotropy field H aL >H 5 all film thicknesses, but
also that with increasing d these fields monotonically
decrease, however their relative difference
increases. It is also evident that the effective
magnetization of films increases monotonically with
increasing d. Note that the decrease in uniaxial
magnetic anisotropy field and increase in M off with
increasing TMF thickness was previously discovered
in cobalt films [13].

Obviously, the observed relatively small difference
in uniaxial magnetic anisotropy between L- and
S-samples is related to the anisotropy of the
rectangular shape of the films, where the long
side / is only twice the length of the short side s.
Therefore, it is of great interest to investigate the
behavior of sample anisotropy with increasing ratio
[ / s. For this purpose, two series of rectangular
strip samples were considered, manufactured, as
previously noted, by laser lithography with 14 pieces
in each series with film thicknesses of 50, 100,
and 200 nm. The samples had the same length of
[ =20 mm, but different widths s, varying from
2 to 0.1 mm (see Fig. 1b), for which the ratio/ / s
varies from 10 to 200. In the first series of samples
(L-samples), the uniaxial magnetic anisotropy is
directed along the TMF strips, and in the second
(§S-samples) — perpendicular to the strips. It is
important to note that the magnetic characteristics
of the samples were determined by the angular
dependences of the FMR field, taken from local
areas in the center of the strips. In this experiment,
the samples were oriented so that at 65 =0 the
external magnetic field is directed along the width
of the strips.
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Fig. 3. Distribution of uniaxial magnetic anisotropy inhomogeneities (@) and effective saturation magnetization (b) across the area for
S-and L-samples with thickness of 100 nm

Table 1. Parameters of uniaxial magnetic anisotropy, effective saturation magnetization, and relative difference of

anisotropy fields in the center of films with dimensions 5 X 10 nm
d, nm 20 30 70 100 150 200 250
HE JHS, 59/58 | 52/50 | 44/4.1 | 3.8/35 | 3.7/3.0 | 40/32 | 3.9/3.1
M, cmufem’ 913 935 979 994 1010 1110 1170
(HE—H3)y/ HE%| 16 3.8 6.8 7.9 19 20 21

Figure 4 shows the dependencies Hz(0y),
taken for L- and S-samples with film thickness
h =100 nm, having maximum 2 mm and minimum
0.1 mm strip width, as well as for §-sample with strip
width with minimal uniaxial magnetic anisotropy
Hf = (.2 Oe. It can be seen that for L-samples,
strip narrowing leads to a sharp increase in uniaxial
magnetic anisotropy. For S-samples, when the strips
narrow, the anisotropy first drops to almost zero
at s = 0.3 mm, and then increases simultaneously
with the rotation of the easy magnetization axis
by 90°. Note that in the sample at s = 0.3 mm,
effective cubic anisotropy (4th-order anisotropy)
H, = 0.3 Oe is clearly manifested, slightly exceeding
the uniaxial one.

JETP, Vol. 165, No. 5 2024

Table 2 presents the measurement results
of anisotropy fields and effective saturation
magnetization in the central areas for all samples
of L- and §-series with magnetic film thickness of
100 nm. It can be seen that with decreasing
strip width of L-samples, the field H aL increases
slowly at first and starting from s < 0.75 mm, the
growth accelerates, and at s = 0.1 mm H aL exceeds
the anisotropy field at s =2 mm by more than
4 times. For S-samples, conversely, H{f first
decreases to a minimum value at s = 0.3 mm,
and then rapidly increases with simultaneous
rotation of the easy magnetization axis by 90°.
Meanwhile, Hf at s=0.1 mm exceeds the
anisotropy field at s =2 mm by more than 2.5
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Fig. 4. Angular dependencies of FMR field for L- and

S—samples from 100 nm thick films with different strip widths §

(points —experiment, lines — calculation). The inset shows the
orientation of the sweep field

times. The effective magnetization for each pair

of films from both series is practically identical,

and it monotonically decreases by only ~ 4 %
with decreasing width of strip conductors.

Patterns of anisotropy fields behavior versus strip
width for samples with films of different thicknesses
are well observed in Fig. 5. As expected, anisotropy
with decreasing strip width of L-samples almost

does not change its direction at any film thickness,

however, its magnitude increases, and the thicker
the film, the stronger the increase.

Anisotropy of S-samples changes its direction

at a certain width when strip width decreases,

30+
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Fig. 5. Dependencies of uniaxial magnetic anisotropy parameters
on strip width § for L- and S-samples with different film
thicknesses d
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simultaneously rotating monotonically by 90°.
Meanwhile, the anisotropy magnitude of S-samples
first decreases almost to zero, and then grows again.
It is important to note that the minimum H f for a
50 nm thick sample is observed at a strip width of
0.15 mm, for a 100 nm thick sample, as mentioned
before, at a strip width of 0.30 mm, and finally, for
a 200 nm thick sample at a strip width of 0.50 mm.

4. DISCUSSION
OF RESEARCH RESULTS

Obviously, the results of all conducted
experiments can be explained by the demagnetizing
fields existing at the edges of the films. Therefore,
let's calculate these fields and the associated
shape anisotropy of the real thin-film sample
by approximating its shape, for simplicity, as an
ellipsoid. From magnetostatics, it is well known
that the demagnetizing field of a magnetized
ellipsoid is uniform throughout its volume, and
when the ellipsoid axes coincide with the coordinate
axes, this field is described by a diagonal tensor of
demagnetizing coefficients with components N,
Ny, and NZ. In general, the values of these
components can only be calculated numerically.
Let's consider an ellipsoid with axes 2a, 2b, and
2¢, lying along the coordinate axes x, y, and z
respectively. For calculating the demagnetizing
coefficients, it is convenient to use the expression
obtained by Landau and Lifshitz [33]:

_lbeyp  dr
Ny = 2aa{(t+l)R(t)’ ©)
where
2 CZ
RO = [+ D]t += |1+ @)
a a

The formulas for demagnetizing factors along the
two other directions N and N Z have a similar form,
but with replacement 1n formula (3) of the term
(t+1) with [z —|— b/ a) | for determining N and
with [t + (¢ / a) ] for determining V..

The magnetic shape anisotropy of an ellipsoidal
sample with saturation magnetization M ;- can be
calculated using the formula xy can be calculated
using the formula

H,=4tM (N, —N,), S)

JETP, Vol. 165, No. 5 2024
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Table 2. Values of uniaxial magnetic anisotropy, effective saturation magnetization, and relative difference of
anisotropy fields measured in the center of 100 nm thick strips versus their width
s, mm 20| 1.5]1.25| 1.0 | 0.75] 0.5 |0.45| 0.4 ] 0.35| 0.3 ]0.25| 0.2 | 0.15| 0.1
L s 41| 41| 43| 43| 44 457161 67| 74| 83 81 12.1)17.2
Yy HS,0e | &1 411 431 431441 541 571 611671 747 831981211172
3513332323121 19|14]09] 02| 09| 23] 4.8 2
Meﬂ, e.m.u./cm3 990 | 989| 988 | 980 | 966 | 959 | 958 | 955 | 953 | 952 | 951 | 951 | 952 | 959
(HaL—H;S)/HaLs% 15120 26 | 26 | 30 | 61| 67 | 77| 8 | 97| 8 | 77 | 60 | 47
20 - 90 r mgW\IJUU U O A A ©
where the sign will indicate the direction of the easy |
magnetization axis of this anisotropy, either along §’ col °! L
the axis x, or along the axis y. 150 s : —H,, 6, 2}d=100 nm
S
The results of testing the applicability of the o o :
given formulas for calculating the parameters of ©. @ I
the studied strips are shown in Fig. 6 for magnetic X 1ol » I
films with a thickness of 100 nm. The lines show & 20
the dependence of uniaxial anisotropy parameters
on strip width, plotted according to formulas (3)- 5L \
(5). In the calculations, the effective saturation
magnetization for each strip was taken from Table 2, '\ o -~
and the induced magnetic anisotropy was measured .,b° -7 ) ) )
after film deposition on substrates with dimensions 0 0.5 1.0 1.5 2.0
24 x 30 mm’ along their long axes at points where s, mm

the strip centers would subsequently be located.
The results of anisotropy parameter measurements
at these points are shown by triangular markers in
Fig. 6. Note that the induced uniaxial anisotropy
values for both samples coincide at H aL =3.7 Oe
and Hf = 3.7 Oe, since the ratio of the long to
short axis dimensions of the film does not exceed
1.2. The anisotropy axis angles for the L-sample are
close to 90°, and for the S-sample to 0°. It is also
important to note that the edge clearances for the
outermost strips are more than 3.5 mm (see Fig. 1),
therefore edge effects do not affect the anisotropy
parameter measurements.

It should be noted that for the S-sample, the
calculation shows an abrupt change in the anisotropy
direction at the compensation point from 0 to 90°,
while in experiments (see Fig. 5 and 6), this angle
changes smoothly, beginning to rotate even before
the compensation point. Obviously, this is because
in the calculation, the easy magnetization axis
direction of the induced magnetic anisotropy
coincides with the film axis (6, = 0°), while in real
samples at the measured points it is 6, slightly larger
than 0° (see Fig. 5 and 6).

JETP, Vol. 165, No. 5 2024

Fig. 6. Dependence of uniaxial magnetic anisotropy parameters

on strip width § for L- and S—samples (points — experiment,

lines — calculation). Triangular markers show the anisotropy

parameters of the continuous film (before strip fabrication),

measured at the same points where the strip centers would
subsequently be located

The qualitative agreement between calculation
results and experimental results observed in Fig. 6
proves the validity of using formulas (3)(5) to
describe the shape anisotropy of the studied samples,
in which, as already noted, the ratio of long to short
axes varies from 10 to 200. A small difference in the
compensation point of induced magnetic anisotropy
during film deposition by shape anisotropy for
S-sample in experiment 0.3 mm, while in theory
~0.4 mm is evidently due to the simplicity of the
calculation model. Note that calculations performed
for samples with film thickness of 50 and 200 nm
showed the same qualitative agreement between
theory and experiment. However, in these cases,
the calculated compensation point for the sample
with d =50 nm equals ~ 0.2 mm (measured
0.15 mm), and for the sample with d = 200 nm
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Fig. 7. FMR spectra of strips with 100 nm thickness and 0.1 mm width, recorded for several angles of sweep magnetic field direction BH
near the hard magnetization axis, for L-sample — (@) and for S -sample — (b)

equals ~ 0.7 mm (measured 0.5 mm). These
facts indicate that calculations using formulas
(3-5), obtained for an ellipsoidal sample shape,
overestimate the demagnetizing field of the real
sample, and this overestimation increases with film
thickness.

The nature of the observed small "dips" in the
resonance field on the angular dependencies of
narrow strips near the hard magnetization axes
(see Fig. 4) is associated with the excitation of some
additional resonance, which reduces Hz(6y). The
position and amplitude of this resonance strongly
depend on the angle of the sweep magnetic field
direction, which is clearly visible in Fig. 7. Here
are presented FMR spectra taken for L- and
S-samples (d =100 H, s =0.1 mm) at several
angles 6,;. Possibly, the additional resonance is
associated with the excitation of magnetostatic
oscillations, which can form standing waves due
to wave reflections from opposite walls, but only
in narrow strips due to the relatively large damping

magnitude in the studied films. For example, for
a 100 nm thick film, the angleaveraged ¢x FMR
linewidth measured at 1.840 GHz equals 7.06
Oe, which corresponds to the damping parameter
o = 0.0093. The proposed assumption is confirmed
by experiments on an array of permalloy strips of
micron length and submicron width [20, 24], in
which multiple resonances of magnetostatic waves
are observed.

5. CONCLUSION

It has been experimentally shown that the shape
anisotropy of thin magnetic films manifests even in
rectangular samples with dimensions of 5 x 10 mm?
at a TMF thickness of only 20 nm. As expected,
the effect increases with film thickness. These
experiments gave rise to the interest to investigate
the influence of anisotropy in rectangular samples
of various thicknesses when changing their axis ratio
over wide ranges.

JETP, Vol. 165, No. 5 2024
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As a result, the anisotropy of permalloy film
samples with thicknesses of 50, 100 and 200 nm,
manufactured by magnetron sputtering of a target
with composition Fe, Nig, was investigated. The
films were deposited on quartz glass substrates
with dimensions 24 x 30 mm2, and then using laser
lithography, 14 strips of equal length of 20 mm
were fabricated, with decreasing width from 2 to
0.1 mm, parallel to the short side of the substrates
and arranged in sequence with 1 mm gaps (Fig. 15).
Two series of samples were studied. In the first
series, uniaxial magnetic anisotropy, induced by
the presence of a constant magnetic field in the
plane of the films during deposition, is oriented
along the long axes of the strips (L-samples),
and in the second series perpendicular to them
(§-samples). The anisotropic properties of the
samples were determined in local areas at the
centers of the strips using angular dependencies of
ferromagnetic resonance fields H (0, ), measured
on a scanning spectrometer.

With decreasing strip width s from 2 to 0.1 mm
in the first series of samples, a monotonic increase
in anisotropy by several times was observed, as the
increasing shape anisotropy adds to the induced
magnetic anisotropy due to the coincidence of their
easy magnetization axes. Therefore, the direction
of total anisotropy in the first series samples hardly
changes. In the second series samples, the induced
magnetic anisotropy is orthogonal to the shape
anisotropy of the samples, and in samples with
s = 2 mm it exceeds the shape anisotropy. Therefore,
with decreasing s the total anisotropy first
decreases almost to zero at a certain strip width,
and then rapidly increases while simultaneously
rotating by ~ 90°.

To determine the parameters of uniaxial
anisotropy of film strips, a phenomenological
calculation was used, which considered a model of
a uniformly magnetized ellipsoid. The calculation
results qualitatively agree with the experiment for
all L- and S-samples. A small difference between
calculation and experiment in the width of
strips, at which mutual compensation of induced
magnetic anisotropy and shape anisotropy of
S-samples is observed, is due to the simplicity
of the model used in the calculation. It is shown
that the phenomenological calculation for the
ellipsoidal shape of the sample overestimates the
demagnetizing field compared to the real sample,

JETP, Vol. 165, No. 5 2024
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and this overestimation increases with increasing
film thickness.
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