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EFFECT IN MAGNETIC WAVEGUIDESUDC 539

The excitation of ultrashort wavelength spin waves via the spin-Cherenkov effect in magnetic
waveguides is investigated via a micromagnetic modeling. The proposed excitation method is
relatively simple and easily tunable. The excitation efficiency of the proposed scheme is ob-
tained for different excitation pulse velocities and widths. A coupled waveguide system is also
considered. In this case, the spin waves are excited in the first waveguide and then are trans-
ferred to the second one due to the dipolar coupling between waveguides. It is also shown that
the excitation and transfer of excited spin waves have some limitations related to the dipolar
coupling mechanism between the waveguides.
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1. Introduction

Spin waves (SWs) play a key role as signal carriers
for the information processing in the novel field of
magnonics. This is due to a low power loss and a pos-
sibility to miniaturize future data-processing devices
using short-wavelength spin waves. However, finding
an efficient method of excitation of the short wave-
length spin waves is a challenging task. Typical meth-
ods of their excitation use pattern inductive anten-
nas to transform a microwave into SW [1, 2] or di-
rect electric current-induced spintransfer torques in
nano-contact geometries [3, 4]. However, the major
drawback of these methods is the inability to effi-
ciently generate propagating spin waves with wave-
lengths below the patterning sizes involved. These
limitations were overcome in recent works utilizing a
post-excitation variation of the magnonic index [5, 6]
or Fano resonances [7, 8].

The most recent approach for the excitation of ul-
trashort SWs is to use the driven dynamics of a spin
vortex core [9]. As a result of such excitation, the core
emits an ultrashort spin wave that is imaged by time-
resolved x-ray microscopy. However, this approach is
cumbersome and requires a setup difficult to func-
tion. In addition, the emitted radiant SWs are not
very useful for spintronics applications.
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Another fundamentally different approach to the
excitation of spin waves utilizes parametric pro-
cesses of interaction between the external electromag-
netic pumping applied to a sample and spin waves
[17, 18]. This method allows the excitation of spin
waves in a wide range of wavevectors. However, it
requires the use of external GHz-frequency genera-
tors and effective ways to apply the electromagnetic
pumping to the sample via a microstrip antenna or
open dielectric resonator. The amplitudes of the ex-
cited spin waves are bounded from above due to differ-
ent nonlinearities that arise in the ensemble of excited
spin waves [18].

On the other hand, the spin-Cherenkov effect
(SCE) provides an effective method of SW excitation.
It was first observed during the micromagnetic study
of the domain wall propagation in ferromagnetic nan-
otubes [10]. It was shown that, for this geometry,
the Walker breakdown is completely suppressed, and
the ensemble of moving domain walls can achieve ve-
locities above 1000 m/s. However, a new limitation
arises, when the domain wall reaches the SW phase
velocity, thereby triggering a Cherenkov-like emission
of the corresponding spin waves. Later, this effect was
investigated in detail in [11], where it was shown that
SCE has general nature and can occur for a localized
magnetic field pulse moving sufficiently rapidly along
the surface of a ferromagnet. Those findings open up
the effective tunable mechanism of SW excitation.
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In the current work, we will investigate the SW
excitation in magnetic waveguides via a moving field
pulse with different parameters. We will also consider
a system of coupled laterally adjacent waveguides in
which the spin waves excited via SCE are transferred
due to the dipolar coupling between waveguides.

2. Results and Discussion

In this work, we will consider an yttrium iron garnet
(YIG) waveguide similar to one proposed in work [12]
with the following dimensions: 100 nm wide, 10 nm
thick, and 𝐿 = 12 𝜇m long. The choice of the length
𝐿 is governed by the simulation convenience, since the
consideration of long waveguide allows us to neglect
boundary effects and reflections that happen on the
waveguide edges. The waveguide geometry will lead
to the excitation of plane spin waves that is conve-
nient for applications. For material parameters, we
choose typical YIG parameters that can be found else-
where [13]. The key features of YIG are a low damp-
ing and a smaller value of the saturation magnetiza-
tion 𝑀𝑠 compared to metallic materials allowing the
longer lifetimes for SWs. To investigate the SCE ef-
fect ,we will use the micromagnetic modeling with the
OOMMF software package [14].

First, we analyze SCE in single YIG waveguides
in the presence of the external magnetic field 𝐻0 =
= 100 Oe along the waveguide length. Thus, we
are working in the backward volume magnetostatic
wave geometry (BWMSW) [15]. We will investigate
SCE in the following excitation model. The out-of-
plane magnetic field 𝐻𝑝 = 10 Oe will be applied
to the center of the waveguide, and the rectangular
field pulse with the width 𝑤 = 10 nm will propa-
gate with different velocities 𝑣pulse along the waveg-
uide. As a result of SCE, it will excite forward and
backward spin waves with different wavevectors, but
with equal phase velocities 𝑣phase = 𝜔SW

𝑘SW
. Here, 𝜔SW

is the SW frequency, and 𝑘SW is the SW wavevec-
tor (see Fig. 1, a) . The velocities of excited spin
waves match the velocities of the moving field pulse
𝑣phase = 𝑣pulse. Thus, by varying the pulse veloc-
ity, one can excite different spin waves with different
wavevectors. It should be noted that, in the original
work [10], SCE was observed as a result of the do-
main wall motion process in magnetic nanotubes. In
our case, similar to [16], we use the “artificial” inho-
mogeneity region that is used to excite spin waves
via SCE (Fig. 1, a). The excitation of forward and

Fig. 1. Schematic diagram showing the model of excitation
via SCE in a single YIG waveguide (a), graph showing the
modeling results. Solid line – theory, points – modeling for
different velocities of the excitation pulse (b)

backward SWs is due to the dipole-exchange spec-
trum of BWMSW. For the given pulse velocity 𝑣pulse,
two spin-wave modes with different phase velocities
𝑣phase exist. This twofold degeneracy explains the bi-
chromatic excitation of spin waves. Hereinafter, we
will mention the phase velocity of spin waves, keeping
in mind the fact that the pulse velocity is equal to it.

The solid line in Fig. 1, b shows the theoretically
calculated phase velocities of SWs in an YIG waveg-
uide with the parameters described above. We used
the theoretical approach from [12] to calculate the
SW spectrum and, thus, phase velocities. Varying the
velocity of the excitation pulse to match the given
phase velocity of the spin waves, one can excite dif-
ferent spin waves that match the dispersion curve,
as one can see in Fig. 1, b. It is worth noting that,
at high pulse velocities, it is possible to excite spin
waves with extremely large wavevectors that cannot
be excited within standard excitation methods such
as microstip antennas due to a rapid drop of the an-
tenna excitation efficiency for large wavevectors [15].
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Fig. 2. Normalized excitation efficiency of spin waves with a
conventional microstrip antenna (solid line) and via SCE with
different pulse widths (points)

Fig. 3. SCE in coupled YIG waveguides. Schematic picture
showing the excitation model with dipolarly coupled excita-
tion and propagation waveguides (a). Modeling results (b).
Solid line – theory, points – modeling for different velocities
of the excitation pulse. Blue points correspond to the excited
spin waves, and red points to the transferred spin waves in the
propagation waveguide. Note that, for 𝑣pulse < 200 m/s, blue
and red points perfectly overlap

To investigate the excitation efficiency of SCE,
we have performed simulations for varrious excita-
tion pulse widths and compared it with the conven-
tional excitation by a microstrip antenna. The ex-
citation efficiency in the last case is well known:
∼ exp(−(𝑘/𝑘0)

4), where 𝑘0 = 2𝜋/𝑎, and 𝑎 is the an-
tenna width [15]. As one can see, this is a rapidly
decaying function for 𝑘 > 𝑘0. Thus, the antenna ex-
citation is not efficient for the excitation of short-
wavelength spin waves. On the other hand, decreas-
ing the antenna width to the nanometer range is also
difficult due to the electric matching of the antenna
with an excitation source.

For the spin wave excitation via SCE, we can ob-
tain the amplitudes of excited spin waves directly
from modeling data. However, for comparison with
the antenna excitation, we will show this result in
the normalized form. In the modeling, the maximum
spin wave amplitude was obtained for a minimally
possible pulse velocity, just when it reaches the “bot-
tom” of the spin wave spectrum. Thus, all modeling
data for different excitation pulse widths and speeds
were normalized by this value. A similar procedure
was done for the antenna excitation, by normaliz-
ing it to the maximum value. Then both graphs were
plotted alongside in Fig. 2. Different points corre-
spond to different pulse excitation widths, namely
10, 50, and 100 nm. As one can see, the excitation
efficiency almost does not depend on the excitation
pulse width and is governed by the SCE mecha-
nism. Comparing to the conventional antenna exci-
tation method (Fig. 2, solid line) we can see that
SCE allows for the excitation of much shorter spin
waves. It is worth noting that the excitation efficiency
for SCE also drops with the increase of the excited
wavevector. Thus, one cannot increase the pulse ve-
locity forever to excite sub-nanometers waves. This
effect is connected with the exchange interaction play-
ing a governing role for so short spin waves. The de-
tailed investigation of this effect lies beyond the scope
of the current work.

Now, let’s consider a double waveguide system,
where we separate the excitation and propagation
waveguide. Such separation can be convenient for the
applications of future spintronics devices. It is known
that the planar waveguides placed sufficiently close to
each other can be coupled via dipolar fields leading to
the energy transfer between them [12] (Fig. 3, a). This
coupling strength depends on the interwaveguide dis-
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tance and waveguide thickness. Thus, for this calcu-
lation, we will consider 50-nm-thick waveguides sep-
arated by a 30-nm gap. All other parameters of the
waveguide remain the same, as for the single waveg-
uide excitation scheme investigated above. We can
define the coupling length 𝐿𝑐 as a distance, on which
the energy from one waveguide is transferred to an-
other one.

It should be noted that the coupling of waveguides
leads to a splitting of the lowest width SW mode
of a single waveguide into symmetric (acoustic) and
antisymmetric (optic) collective modes of the cou-
pled waveguides [12]. The frequency separation be-
tween the symmetric and antisymmetric modes is
Δ𝑓 = |𝑓s − 𝑓as|.

The idea of the excitation scheme (Fig. 3, a) is the
following: the moving field pulse excites spin waves
via SCE in the excitation waveguide, and, due to the
dipolar coupling between the waveguides, this wave
is transferred into the propagation waveguide.

Results of the modeling are shown in Fig. 3, b. The
double line corresponds to the SW splitting due to the
coupling between the waveguides. The striking fea-
ture of the obtained results is that the spin waves
with 𝑘cr > 0.15 rad/nm are not directly transferred
into the propagation waveguide. Instead, the spin
waves with smaller wavevectors are excited in the
propagation waveguide. For 𝑘 < 𝑘cr, the exact spin
wave transfer occurs. Such behavior can be explained
considering the dipolar nature of the interwaveguide
coupling. According to [12], the dependence of the
normalized output power of the second waveguide
𝑃2out/(𝑃1out + 𝑃2out) can be expressed as:

𝑃2out/(𝑃1out + 𝑃2out) = sin2(𝜋𝐿W/(2𝐿c)), (1)

where 𝐿c is the coupling length, and 𝐿W is the length
of the coupled waveguides. The coupling length can
be calculated as

𝐿c =
𝑣gr

2Δ𝑓
, (2)

where 𝑣gr is the group velocity in the isolated waveg-
uide, and Δ𝑓 is the frequency separation.

The dependence of the normalized output power
(1) on the spin wave wavevector is shown on Fig. 4. As
one can see, it has the oscillatory behavior and ap-
proaches to zero at 𝑘 > 𝑘cr. This fact indicates that
the dipolar coupling is not efficient for the transfer

Fig. 4. Normalized output power dependence on the spin wave
wavevector for coupled waveguides

of ultrashort spin waves excited in the first waveg-
uide. Nevertheless, the modeling shows that some SW
transfer still occurs (see Fig. 3, b). This effect will
be investigated in the following works. A notewor-
thy feature of the dipolar coupling is that it has zero
transmission regions even for 𝑘 < 𝑘cr (for example, at
𝑘 = 0.07 rad/nm). Unfortunately, the limited number
of modeling points do not allow us to investigate the
SW transfer around these points more precisely. This
will be executed in the following works.

Now, we briefly discuss how one can obtain such
moving pulses for the spin wave excitation. The sim-
plest way is to use the double waveguide geometry
considered above. One of the possible ground states
is the antiparallel one with a domain wall in one of
the waveguides (see Fig. 6, 𝐿 in [12]). Applying an
electric current or magnetic field, one can move this
domain wall with various speeds, which causes the ex-
citation of spin waves via SCE. Then, as was shown
above, those SW can be transferred to the adjacent
waveguide via the dipolar interaction.

3. Conclusions

We have demonstrated that SCE can be effectively
used to excite ultrashort spin waves in a magnetic
waveguide system. The moving magnetic field pulse
with different pulse widths can be used as a source of
such excitation. Varying the excitation pulse speed
can be used to tune the excited SW wavelength. The
typically excited SW wavelength in the performed
modeling was about 𝜆 ∼ 40 nm, but the excitation of
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shorter waves was also possible. It is shown that the
excitation efficiency decreases with an increase of the
wave vectors of excited waves. The dipolarly coupled
waveguide system can also be used for the SW exci-
tation, in this case, the spin waves excited in the first
waveguide are transferred to the second one via the
dipolar coupling. However, this mechanism has some
limitation and do not support the transfer of ultra-
short spin waves. The obtained results are important
for the emerging field of magnonics and future appli-
cations in different devices utilizing ultrashort spin
waves for the signal processing.

This work was supported in part by grant 18BF052-
01M.
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J. Grafe, D.A. Bozhko, Yu. Musiienko-Shmarova, V. Ti-
berkevich, A.N. Slavin, C.H. Back, J. Raabe, G. Schütz,
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ЗБУДЖЕННЯ УЛЬТРАКОРОТКИХ СПIНОВИХ
ХВИЛЬ ЗА ДОПОМОГОЮ СПIНОВОГО ЕФЕКТУ
ЧЕРЕНКОВА В МАГНIТНИХ ХВИЛЕВОДАХ

У роботi проаналiзовано збудження ультракоротких спiно-
вих хвиль за допомогою спiнового ефекту Черенкова мето-
дами мiкромагнiтного моделювання. Запропонована схема
збудження хвиль є вiдносно простою та легко перебудову-
ється. Отримано ефективнiсть збудження спiнових хвиль
для рiзних швидкостей та ширин збуджуючого iмпульсу.
Розглянуто систему двох зв’язаних хвилеводiв. В цьому ви-
падку спiновi хвилi збуджуються в першому хвилеводi та
переносяться у другий через дипольний зв’язок мiж хвиле-
водами. Також показано, що збудження та передача спiно-
вих хвиль в такiй системi має певнi обмеження, пов’язанi з
дипольними механiзмами у хвилеводах.

Ключ о в i с л о в а: спiновий ефект Черенкова, магнiтний
хвилевод, спiнова хвиля, спiнтронiка.
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