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Ferrimagnetic materials represent unique systems where the ease of manipulating the spins with applied
magnetic fields is combined with exchange-driven acceleration of the internal spin dynamics. Of particular
interest is the temperature range around the magnetic and spin compensation points, finely balancing both
magnetic moment and angular momentum of the system, and leading to a very particular character of
magnetic switching by the domain wall motion. Here we present our studies of the temperature-dependent
domain wall dynamics in the temperature range covering both angular momentum and magnetization
compensation points in garnet film, and reaching up to the Curie temperature. Drastic difference in the
domain wall mobility and maximum achievable velocity in the vicinities of these two compensation points
is demonstrated. Also a remarkably high mobility in weak applied magnetic fields is indicated.
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I. INTRODUCTION

Current information technologies use millions of times
more energy than is sustainable and radically new disrup-
tive approaches are required to change this situation. It is
crucial to find alternative approaches to store and process
data in order to reduce information-technology-related
energy consumption: efficiency, not scaling, is the issue.
Therefore, efficient, local, and fast control of magnetism in
ferromagnetic materials is central within current informa-
tion technologies. Recent years moreover have indicated
the potential of antiferromagnetic materials in this area
for their fundamentally different and appealing features
[1,2]. These are the absence of net magnetization and stray
fields eliminating crosstalk between neighboring devices,
and the absence of a primary macroscopic magnetization.
The associated absence of the related angular momentum,
moreover, makes the dynamics in antiferromagnets inher-
ently faster than in ferromagnets [3,4], including that of
domain walls (DWs) [5,6]. However, antiferromagnetic
order being better shielded from the environment and thus
very robust makes it also far more difficult to control and
to read out.
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As a result of these difficulties, recent years have seen
an increase of interest in the dynamics of ferrimagnetic
materials, in particular in the motion of DWs [7—10]. In
ferrimagnets, a certain freedom exists to manipulate the
relative contributions of two sublattices and thus approach
the behavior of antiferromagnets. Particular interest is trig-
gered by the vicinity of the point in temperature where the
total angular momentum is compensated. At this point, the
effective value of the gyromagnetic ratio y diverges [11—
13] as does the damping parameter «, and, consequently,
the character of the domain-wall motion changes from a
precessionlike one [14] into that of Newtonian particles
[7,15]. This happens because the absence of the angular
momentum decouples the translational and precessional
dynamics in the DW, leading to the disappearance of the
Walker breakdown as well. It has been also experimen-
tally verified that there is no DW magnetization tilt, and
therefore no magnetic precession, at the angular moment
compensation [10]. In fact, early experiments on ferrimag-
netic garnets directly demonstrated an increase of both the
DW velocity and mobility [16—19]. Later, similar effects
were also observed in (Gd, Fe)Co thin films in the vicinity
of the angular momentum compensation temperature 7
[7], directly resembling the very fast dynamics expected in
antiferromagnets. Thus ferrimagnets in the vicinity of their
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compensation point(s) seem to represent a golden compro-
mise, where the accelerated dynamics is combined with
ease of manipulation.

We should recall here, nevertheless, that a typical fer-
rimagnet can also possess a magnetization compensation
point Tj,;, where the total magnetization of the sample
becomes zero [20]. The separation between T, and T),
depends on the ratio between the g-factors of two sublat-
tices as well as on the properties of particular magnetic
ions (see later discussion). At Ty, the loss of M is typically
observed as the divergence of the coercive field, so that any
manipulation of the magnetic order becomes very difficult
at the very least. Because of this, there are hardly any data
on the domain-wall dynamics in the vicinity of 7j,, and
nothing at all comparing the behavior at two compensation
points directly.

While the direct applications of field-driven DW dynam-
ics may be far off, there are still numerous applications
of magnetic materials where the field-induced domain-
wall motion constitutes an essential mechanism. These
range from power transformers to magneto-optical mod-
ulators and to various concepts of data storage, including
the “race-track” concepts solely controlled with magnetic
fields [21]. Moreover, the understanding of the parame-
ters defining the characteristics of DW motion plays the
key role in the design of magnetic memory or logic ele-
ments. Nowadays, when the information density of mag-
netic data-storage media steadily increases and spintronic
devices come in sight, a good understanding of the mag-
netic domain boundaries is of increasing technological
relevance. Not only can the domain walls by themselves
serve as magnetic bits, but it has been shown that the
DWs can serve as broadband spin wave and elastic mag-
netization wave emitters [22]. DWs can be moved by
magnetic fields, spin currents, temperature gradients, and
short intense pulses of polarized light [23-25], as well
as by indirect means such as pulsed anisotropy energy
(see Ref. [26]). Of particular interest is also the behav-
ior of DWs in nanostructures [27,28]. Experiments on
the DW dynamics thus serve as a rich source of inspi-
ration for various new concepts and devices, not only
by themselves but also as an auxiliary tool for other
purposes [29].

Here we present an experimental study of the domain-
wall velocity in a ferrimagnetic garnet film in a wide
temperature range, covering both 7), and T4 compensa-
tion points. This is made possible by the very low coercive
field of the material, not exceeding 5 mT even in the close
vicinity of Tj,. A very unusual behavior of the domain-
wall dynamics is observed, such as extraordinarily high
mobility of the domain walls at very low fields, reaching
Walker breakdown velocity vy already at field values of
less that 1-2 mT. It is shown that both vy and the domain-
wall mobility p vary by more than two orders of magnitude
across a narrow temperature range of 70 K. Surprisingly,

the ratio of vy and w is shown to vary in an essentially
nonmonotonic way.

II. EXPERIMENTAL DETAILS

The sample used in our experiments is a thin (thickness
h = 3.1 um) film of magnetic garnet with a composition of
(Tm, Gd, Bi);(Fe, Ga);0,, deposited on a (111)-oriented
substrate of lattice-matching gadolinium-gallium garnet
using liquid-phase epitaxy. The magnetic anisotropy axis is
perpendicular to the film plane. The iron ions exist in two
different crystallographic positions and form two magnetic
sublattices, oriented opposite to each other. The result-
ing ferrimagnetic moment is rather small and is strongly
dependent on the Ga content, which preferably dilutes one
of the sublattices. The intersublattice exchange interaction
is sufficiently strong to make the garnet crystals ferrimag-
netic up to temperatures of about 500 K. Relatively high
Ga content in our case reduces the Curie temperature of
our sample slightly to 7¢ = 445 K.

The rare-earth (RE) part of the crystal is usually consid-
ered to be paramagnetic, but magnetized by the relatively
weak interaction with the iron sublattices. This interaction
is antiferromagnetic, and further (partially) compensates
the total magnetic moment of the crystal. Depending on
the exact composition, the considerably different temper-
ature behavior of the ferromagnetlike Fe component and
the quasiparamagnetic one of the RE component lead to a
magnetic compensation point, in our case at 7y, ~ 376 K.
The disappearance of the net magnetization of the sam-
ple at T); makes the system insusceptible to an applied
magnetic field.

Most interesting, however, is that due to the difference in
the gyromagnetic ratios (e.g., the g-factors) of the two sub-
lattices, a second compensation point appears—namely,
that where the angular momenta of the sublattices are
exactly compensated. In our case this occurs because of
the mixture of two RE components, Gd with g &~ 2 and
Tm with g & 7/6. Thus, the effective g-factor for the RE
system is expected to be considerably different from that
of iron (g ~ 2), and thus the temperature where the total
angular momentum of the magnetic system vanishes (7.)
will be different from 7},. This provides us with an inter-
esting opportunity to investigate the magnetic dynamic
behavior across both compensation points in comparison.
In particular, the propagation of the domain wall is known
to be strongly affected by the ratio of angular momentum
to magnetic moments [8].

The magnetic hysteresis loops measured in Faraday
geometry (see Fig. 1) directly reveal the magnetic com-
pensation point T, by three indications at once: a very
sharp spike in coercivity as well as in the equilibrium size
of domains, and a change in the sign of the Faraday effect.
Also the shape of the loops is affected, due to the change
in the ratio between anisotropy and demagnetizing field
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FIG. 1. (a) Static Faraday hysteresis loops showing the drastic
change across the magnetic compensation temperature 7y, ~ 376
K; (b) equilibrium domain structures measured in zero applied
magnetic field at different temperatures across Ty; (c) coercive
force H., equilibrium domain width w, absolute value of the
gyromagnetic ratio for (Tm, Gd, Bi);(Fe, Ga)sO; relative to the
gyromagnetic ratio for YIG |y /yyig|, and Faraday effect ©® as a
function of temperature in the vicinity of 7y, T4, and T¢.

values. The shape of the hysteresis curves in the vicinity
of the compensation point could possibly be an indica-
tion of a spin-flop transition, as discussed before [30,31].
However, the present data do not allow for a definitive con-
clusion; moreover, we do not see any influence of this in
the DW dynamics experiments. We thus leave the discus-
sion of these loops out of the present paper. In contrast,
the angular momentum compensation temperature 7 is
not discovered in static measurements in any respect and
only manifests itself in ferromagnetic resonance (FMR)

and dynamic experiments with domain wall motion (see
below).

Note that the g-factors of Gd (g = 2) and Tm (g = 7/6)
give an indication that the effective g-factor of the RE sub-
lattice should be grg < 2 = gpe. Such a relation between
gre and gg. suggests T4 > Ty,. We shall see in the fol-
lowing, however, that the experiments show that the
opposite is true. This is also confirmed by the results
of measurements of the gyromagnetic ratio in the vicin-
ity of the angular momentum compensation point 74 by
the FMR technique using a Bruker ER200 spectrometer
operating in the frequency range of 9.7 GHz (for more
information, see the Appendix). In the immediate vicin-
ity of Ty, the absolute value of the gyromagnetic ratio
ly| for (Tm, Gd, Bi);(Fe, Ga)sO,, is more than 6 times
the gyromagnetic ratio for yttrium iron garnet (YIG) [see
Fig. 1(¢)].

Next, we underline the very low coercive field of our
sample, which stays below just a few tens of mT even in
the close vicinity of Tj,. This is clearly due to the very
low number of magnetic defects in this material. Most
important, this allows us to investigate the domain-wall
dynamics in the full range of temperature across both
compensation points.

To measure the propagation velocity of the domain
walls, the following algorithm is used. Initially, the gar-
net film is nearly saturated by an applied bias field Hj,
close to the saturation field Hy, and directed along the
film normal. As a result, only a few small domains are
left in the reversed state, as shown in white on the first
image in Fig. 2. Typically, such residual domains can be
assumed to correspond to certain inhomogeneities of the
magnetic structure. Then, a pulse of magnetic field H,
directed opposite to the bias field H, is applied to the sam-
ple, initiating the expansion of the white domains. The
motion of the domain walls is recorded with the help of

Hp

FIG. 2. The experimental scheme for the measurement of the
domain-wall velocity, combining pulsed magnetic field H, and
5-ns pulses of a laser for illumination. The images of the domain
structures correspond to the time intervals ¢, #,, and #; from the
start of the magnetic field pulse.

064024-3



M.V. LOGUNOV et al.

PHYS. REV. APPLIED 15, 064024 (2021)

a single-shot photography technique, using 5-ns-long laser
pulses for illumination. Note that a single image is taken
for each applied magnetic field pulse. Changing the delay
between the field and laser pulses allows us to obtain
sequential images of the domain-wall position during its
motion. We thus can observe the domain-wall position at
various times ¢#; after the beginning of the magnetic field
pulse, selected such that the interval At between them stays
constant: At=1t —t, =t —t3 and so on (see Fig. 2).
Such an approach guarantees the reproducibility of mea-
surements, as the sequential images show different stages
of the domain-wall motion started from the same initial
position.

Typically, the duration of the magnetic field pulses is
25 us, with a rise time of only 5 ns. As the domain-wall
velocity varies by more than 2 orders of magnitude (see
Fig. 3), the time interval Af is varied from 20 ns to 1 us.
This is done to keep the corresponding distance covered by
the domain wall of the order to several tens of micrometers,
such that it would be straightforward to precisely measure
it with the help of a polarizing microscope.
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FIG. 3. The dependencies of the domain-wall velocity as a

function of applied magnetic field v(H) are shown for a num-
ber of temperatures, split in two temperature regions: (a) strong
change of the offset velocity vog with almost constant mobility,
in the vicinity of 74, and (b) small changes of vog with a strong
change of mobility close to the magnetic compensation point 7).

III. RESULTS

Typically, at low magnetic fields, the field-driven prop-
agation of domain walls occurs with their velocity propor-
tional to the magnetic field value: v = wH, where w is the
domain-wall mobility. This regime is limited from above
by the so-called Walker velocity limit vy, after which
the domain-wall motion becomes spatially and temporally
inhomogeneous.

However, the typical dependencies of the DW velocity
on the applied magnetic field measured in our system show
quite a different behavior (see Fig. 3). In fact, the major-
ity of the curves show a sizable offset v,g of the velocity
at H = 0, followed by what can be interpreted as linear
behavior of the expected type Av = ugH. Such an off-
set is very unusual and can be interpreted in the following
way.

Because of the very high domain-wall mobility u for
the initial part of the dependence of its velocity on the
applied magnetic field v(H), already in magnetic fields of
some 0.5—1.5 mT, we cross the Walker limit velocity and
enter a different regime. Unfortunately, we are not able to
study this initial regime because of domain-wall magneto-
static instabilities: for a small value of the driving field H,
domain scattering fields compete with it [14]. As a result,
the propagation of domain walls becomes uneven and the
shape of the walls is distorted. We therefore define the
domain-wall velocity observed for the driving magnetic
field of H,, = 2 mT as the offset velocity vog. After such
an offset, a linear behavior v(H) is observed (see Fig. 3),
which could be characterized by the effective domain-
wall mobility peg as v(H) = vo + el . According to
the one-dimensional theory of the domain-wall dynamics
[14], such mobility in magnetic fields much larger than the
Walker limit is given by

po
1 ta?

et 6]
where « is the Gilbert damping constant. Thus, even with
a relatively high value of @ = 0.1 one obtains peg/ i =
0.01. In other words, the observed linear dependence of
domain-wall velocity as a function of the applied mag-
netic field (Fig. 3) is actually given by the time-averaged
inhomogeneous motion above the Walker limit.

The two main parameters of p.g and vog that charac-
terize the domain-wall dynamics for the garnet are thus
investigated in a broad temperature range covering all crit-
ical points of the sample, namely Ty, T4, and T¢. Both the
mobility and velocity offset reach maximum at the angular
momentum compensation point, exceeding by more than 2
orders of magnitude the corresponding values observed at
the magnetic compensation temperature.

Already Fig. 3 shows us that to some extent, the val-
ues of e and vy can vary independently of each other.
Thus, Fig. 3(a) shows that the offset velocity vy changes
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FIG. 4. The derived values of effective domain-wall mobility
e and offset velocity vog as a function of temperature.

10 times in the temperatures range of 7 = 315345 K,
while the mobility u.q stays nearly constant. In contrast,
in the narrow range of 7' = 353-365 K we observe a steep
decrease of the mobility toward the compensation point
Ty, whereas the offset velocity hardly changes.

Having assumed this, in the following we characterize
the measured dependencies with the parameters u.g and
Vofr, Obtained from the fitting of the measured dependen-
cies v(H) by the linear formula v(H) = vog + iewf. The
resulting values are shown in Fig. 4 as a function of tem-
perature. Note that a logarithmic scale is used. Figure 4
clearly shows the two compensation points as sharp min-
ima of both observables at T, and almost equally sharp
maxima at T,. Note that this measurement is the only
one that indicates the position of the angular momen-
tum compensation point (along with the FMR data; see
Figs. 1 and 6), as there is no sign of it in any of the static
parameters.

An important point that should be mentioned here is that
in ferromagnets, typically the temperature dependence of
the domain-wall mobility is given by u o< 772, obtained
from four-magnon scattering [14]. In our case, however,
the whole considered temperature interval is small enough,
so that such dependence can practically be ignored as com-
pared with the changes of more than 2 orders of magnitude
introduced by the presence of the compensation points. To
understand the dynamics of domain walls, the question
of wall structure is crucial. If the initial structure of the
domain wall is simple and does not contain Bloch lines,
the domain wall moves uniformly in small magnetic fields
H and its velocity is proportional to the magnetic field [3].
In a magnetic field exceeding the critical value, the station-
ary motion of the wall is disrupted and the domain wall is
divided into sections with different directions of magneti-
zation vector twisting. According to the one-dimensional

theory of domain-wall dynamics, the domain-wall velocity
is limited by the Walker velocity [32]:

A
=y %, 2)

where A is the exchange constant, O = 2K,/ (,qusz) the
quality factor of uniaxial magnetic material, K,, the con-
stant of uniaxial magnetic anisotropy, ©o the magnetic
permeability of free space, and M, the saturation magne-
tization.

Despite the development of more accurate two- and
three-dimensional models [8,14], the one-dimensional
model remains the most popular one, which is cus-
tomarily used to compare experimental results. For
our case, near T, ~ 303 K, the parameters of the
(Tm, Gd, Bi);(Fe, Ga)sO;, sample are Q ~ 18 and 4 =
2.2 x 10712 J/m. The gyromagnetic ratio y — oo at the
angular momentum compensation point, and in real mate-
rials y can increase up to 30 times [16—19,33] compared
with the gyromagnetic ratio for a free electron. Accord-
ingly, the Walker velocity limit will be vy ~ 1500 m/s,
which is well in agreement with the experimental data (see
Fig. 4).

In the vicinity of the magnetic momentum compensa-
tion point, we observe a sharp dip in the dependence of the
velocity on the field (Fig. 4), where the DW velocity value
drops by 2 orders of magnitude compared to the velocity
when the angular momentum is compensated. Near T,
the field-induced torques that are proportional to the mag-
netization vanish, which thus leads to the observed drop
of the DW velocity. It is interesting to note that in the
experiments on the DW motion driven by spin-polarized
currents in GdCo [15], there was no visible effect of T,
on the DW dynamics, in strong contrast to our case. This
is possibly caused by the fundamental difference between
the field-induced torques, acting on the net magnetization
of the system, and the current-induced ones that predomi-
nantly affect the transition-metal sublattice and thus would
be less sensitive to the magnetization compensation.

To further confirm our experimental results, we can
compare them with quantitative estimates obtained from
a well-developed mathematical model [8] for the dynam-
ics of DWs in ferrimagnets. According to the sigma-model
of a two-sublattice ferrimagnet with spin densities sy », the
maximum DW velocity v can be found:

vwcC

v=— 3)

2
2 2
N

where vy = [V AK /h(s1 — 52)](+/1 + p — 1) is the Walker

limiting velocity and ¢ = /Awex/h(s; +52) 1is the
minimum spin-wave velocity, which is determined
by the exchange interaction with homogeneous and
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inhomogeneous exchange constants E., and A, respec-
tively. Here wex = Eex/h(s1 4+ 52) is the characteristic
exchange frequency, K is the uniaxial anisotropy constant,
and p = K, /K is a small parameter, where K, describes
the small effective anisotropy field in the basis plane. At the
angular momentum compensation point, s; &~ s, and the
maximum DW velocity is equal to c. For we, &~ 1013 s—1
and s; = M;/g;jup [6,12], with i = 1,2, we find ¢ = 1500
m/s, which is well in agreement with the experimental data
(see Fig. 4).

IV. DISCUSSION

Let us first briefly recap what should actually be
expected from the domain wall behavior at temperatures
close to the compensation points. First, at the magneti-
zation compensation point Tj,, the susceptibility of the
system to the applied magnetic field vanishes. In statics
this is directly revealed by a sharp increase of the coercive
field accompanied by a similarly sharp increase of the equi-
librium size of magnetic domains; in addition, the sign of
the Faraday effect changes (the direction of Larmor preces-
sion changes when passing through the point of magnetic
moment compensation), while its modulus remains stable
(see Fig. 1). In agreement with the reduction of suscepti-
bility, our data show a very sharp drop (though not to zero)
of both the offset velocity vy as well as the domain-wall
mobility peg (Fig. 4).

In contrast, at the angular momentum compensation
temperature 7T, static susceptibility of the system is not
affected: a finite magnetization M is present, and the static
hysteresis loops show a very smooth variation across, with-
out any features. However, this point becomes directly
visible in dynamics measurements (see Ref. [20]). The
absence of the angular momentum makes the magnetic
resonance frequency approach that of a typical antiferro-
magnet [34]. In our measurements, a very sharp increase
of both the domain-wall velocity and mobility is detected.
This is in agreement both with expectations and with other
data.

An interesting point is that from the macrospin con-
sideration, the effective damping parameter o diverges at
the angular momentum compensation point [20,35]. While
this has been confirmed by some experiments [36], oth-
ers have shown a complete independence of damping on
temperature in the region of 7, [13]. Also related to the
rare-earth-transition-metal alloys, the increase of o was
found in all-optical FMR experiments [20,37] but not in
the domain-wall mobility [38]. The fact that the macrospin
treatment is not in agreement with the observed increase
of the domain-wall mobility at 74 once again confirms the
dominance of the multisublattice character of the domain-
wall dynamics in compensated ferrimagnets. We thus leave
this question open for further research.

In between the two compensation points, the offset
velocity vor and the domain mobility p.g show rather
independent behavior. This we can tentatively relate to
the ratio between the magnetic moment and the angular
momentum of the system in this region.

The last point that needs to be discussed here is the loca-
tion of the angular momentum compensation point 74. In a
recent publication [39] it has been discussed how one can
estimate the difference AT between the two compensation
points, which, in our case, would predict 7 to be above
Tys. However, while the approach of Ref. [39], which is
roughly based on the original proposal of Wangsness [11],
may be applicable to the (Gd, Fe)Co alloys, the situation
is different for garnet with other rare-earth elements. After
the work of Wangsness, Kittel argued that the rare-earth
metals with nonzero orbital moment are heavily damped,
and “the damped lattice contributes fully to the magneti-
zation but not to the angular momentum density ... The
RE system, being highly damped, does not respond to
an applied torque as a normal gyroscopic system. We
may think of the angular momentum of the RE system
as largely imaginary” [12]. In the subsequent work of van
Vleck, the rare-earth ions were treated as captive in the
exchange field from iron, but subject to decomposition of
their energy levels by crystalline fields and/or spin-orbit
interaction [40]. He showed that in the case of Gd, crys-
tal field is negligible as compared to the exchange field,
and the result is that of Wangsness. For the other rare-earth
metals, with large crystal-field decomposition, the result
of van Vleck becomes equivalent to that of Kittel. While
the starting points of Kittel and van Vleck seem rather
different, the latter also admits that “in a certain sense,
however, the difference between our theory and Kittel’s
is a semantic one.” Therefore, excluding the contribution
of Tm sublattice from the angular momentum sum shifts
T, to lower temperature. Note that a very similar system,
also containing Gd and Tm, was treated both experimen-
tally (FMR) and theoretically (molecular field theory of
Néel [41]; see also Ref. [42]) in Ref. [19]. A good cor-
respondence was found, confirming the validity of such
an approach. In our work, therefore, we limit ourselves to
finding 7; by FMR measurements; see data in Fig. 1(c) and
the Appendix.

V. CONCLUSIONS

To summarize, the weak coercive field of our sample
combined with the high mobility of domain walls allows
us to study in detail the domain-wall dynamics across both
magnetic and angular momentum compensation points.
Drastic changes of both domain-wall velocity and mobility
by more than 2 orders of magnitude are observed across a
relatively small temperature range, related to the delicate
balance of magnetization and spins of iron and rare-earth
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sublattices. Therefore, such fine tuning of the correspond-
ing momenta could be the key for developing ultrafast
ferrimagnetic spintronic devices.
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APPENDIX: MEASUREMENTS OF
TEMPERATURE DEPENDENCE OF THE
GYROMAGNETIC RATIO BY FMR

The magnetic resonance behavior of the garnet film used
with composition (Tm, Gd, Bi);(Fe, Ga)sO;, is measured
using a Bruker ER200 spectrometer at a set frequency
of 9.7 GHz. The scanning range of the magnetic field of
the spectrometer is 10-800 mT, which makes it possible
to measure the effective ferromagnetic mode. During the
measurements, FMR is recorded with the magnetic field
applied both in the film plane as well as perpendicular to
the film plane. The observed FMR signals show no spe-
cial features and just a single resonance peak (see Fig. 5).
Note that an extra feature of very small amplitude might be
inferred at low field values and in the vicinity of the com-
pensation temperature. While this might be a fingerprint
of the ferrimagnetic mode, the signal-to-noise ratio of our
spectrometer does not allow for any definitive conclusions.
We therefore limit our consideration to the essential for our
purposes FMR signal.

When approaching the angular momentum compensa-
tion temperature, the resonant field for the geometry with
the applied field perpendicular to the film surface goes
beyond the range of our spectrometer, and the data for the
gyromagnetic ratio [see Fig. 1(c)] are calculated using the
FMR data obtained in the in-plane field geometry (Fig. 6).
Well-known equations are used for the gyromagnetic ratio
calculation, see Ref. [43], taking into account the uniaxial

Temperature (K)
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Y 210
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0 200 400 600
Magnetic field (mT)
FIG. 5. FMR signals for the effective ferromagnetic mode

below and above the angular momentum compensation temper-
ature 74 = 305 K as a function of the in-plane applied magnetic
field.

anisotropy of the film that was measured before by a
magneto-optical method [44]. The method allows us to
measure the constants of uniaxial, cubic, and rhombic
anisotropy components at an arbitrary ratio between them.
In brief, the method is based on the measurement of the
orientational dependencies of Faraday rotation in magnetic
fields applied approximately parallel to the film surface.
In these measurements, the magnetic field strength sig-
nificantly exceeds the strength of the effective magnetic
anisotropy field [44].

200

150

100

50

Resonance field (mT)

200 250 300 350
Temperature (K)

FIG. 6. FMR fields for the effective ferromagnetic mode in
the vicinity of the angular momentum compensation temperature
T4 = 305 K of the ferrimagnetic sample, where the resonant field
has a minimum. The magnetic field is applied parallel to the film
plane.
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