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Abstract—Generation and excitation of a magnetic soliton in a three-layer ferromagnet using dc magnetic
fields and weak ac fields in the presence of dissipation in the system have been considered. An analysis of the
solutions to the equation of motion in an ac field shows the possibility of increasing the magnetic-soliton
amplitude with time under certain conditions. The resonance effect is also affected by the geometric param-
eters of the thin layer: the translational mode of soliton oscillations is excited at a large layer width.
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Lately, there have been many studies devoted to the
use of magnetic inhomogeneities (magnetic vortices
and skyrmions) in spintronic devices [1, 2]. Soliton-
type magnetic inhomogeneities, which have many
similar dynamic properties, may serve as an alternative
[3]. The development of new experimental techniques
that make it possible to analyze the processes of for-
mation and propagation of nanoscale localized mag-
netization waves and their interaction with domain
walls (DWs) [4—6] also stimulated an increase in
applied interest in this field [7]. The key problem of
designing new devices lies in determining the condi-
tions for generation of stable localized magnetization
waves, such as magnetic solitons (MSs) and breathers.
It is known that this generation is quite possible in the
region of a magnetic “defect,” which is a one-, two-,
or three-dimensional potential well for a magnetic
inhomogeneity (see, e.g., [§—11]). In the one-dimen-
sional case, these magnetic “defects” can be formed
by means of multilayer magnetic structures consisting
of alternating layers of two materials with different
physical properties (e.g., magnetic anisotropy) [12].
The magnetization dynamics can be controlled using
an external magnetic field [13] and taking into account
damping in the system. The purpose of this Letter was
to consider the possibility of controlling the parame-
ters of an MS in a three-layer ferromagnet by dc mag-
netic fields and weak ac fields using a self-resonance
control model in the presence of dissipation in the sys-
tem.

Let us consider a three-layer ferromagnetic struc-
ture consisting of two wide identical layers separated
by a thin layer with a changed magnetic anisotropy
parameter [14]. The anisotropy parameters are
assumed to be functions of coordinate x directed per-
pendicular to the layer interface. Generally, when
solving dynamic problems, it is convenient to move
to spherical coordinates 6 and ¢ of magnetization
vector M, where 0 <0 <27 is the angle in the yz plane
between vector M and the easy magnetization axis
(Oz axis) and —rt/2 < ¢ < /2 is the angle describing
the emergence of M from the DW plane. Taking into
account the exchange interaction and anisotropy in
the energy density of a magnet and assuming that ¢ < 1,
the equation of motion for magnetization can be writ-
ten as

AG—é—%f(r)sin%=hsin6+oc€, (1)

where f(r) = Kl(x)/Klo is the function determining the

spatial modulation of the anisotropy constant, Kl0 is
the anisotropy constant in thick layers, A2 =
(H,/47nM) Q' is the normalized external magnetic

field, oo = ay, /\/a is the normalized decay constant,
0=K, 10 /@M ;) is the material quality factor, « is the

decay constant, time 7 is normalized to 4w M Sy\/é ,and
coordinate x is normalized to the width of a static



2 EKOMASOV et al.

1.5

1.0
0.5

0, rad
(=)

-0.5
-1.0

200

320 _po

Fig. 1. Magnetization reversal of a soliton-type magnetic
inhomogeneity: a resting soliton existed at # = 0.32 until
instant # = 220, and the magnetization reversal occurred
after # = 220 (a field with 42 = 0.6 is switched on): W= 2,
K= -2, and defect-region center coordinates x = 0.

Bloch DW. In the one-dimensional case, function f{x) is
simulated for simplicity in the form of a rectangle:

oo {1, N> W,/2

2
K, W<W.,2, )

where Wisthe parameter characterizing the thin-layer
width and K is the value normalized to the magnetic

anisotropy constant in the thin-layer region. It should
be noted that other forms of function (2) (e.g., Gauss-
ian) change the set of parameters, which induce the
formation of an MS and its eigenfrequency [9].

Equation (1) was solved numerically using the
explicit integration scheme [14]. For this purpose, a
three-layer scheme of solution with approximation of
derivatives using a five-point stencil of cross type was
chosen [11]. The scheme of the numerical experiment
is as follows. The magnetization distribution at the ini-
tial instant was set in the form of Bloch DW 6,(x) =

2arctan(e*) located far from the thin layer. It is known
that, at some values of the thin-layer parameters, a
magnetic inhomogeneity in the form of magnetic
breather or soliton is formed upon passage of a DW
with a constant velocity through this layer. The case of
magnetic breather in an external ac magnetic field was
considered previously in [14]. Let us now consider
soliton-type magnetic inhomogeneities. At a large dis-
tance from the thin layer, the Bloch DW velocity and
the decay constant are assumed to be, respectively,
0.85 and 0.001 (in dimensionless units). Formation of
a soliton-type magnetic inhomogeneity is observed in
the thin-layer region beginning with some parameter
values(W=19and K=—-14). At W=2and K< —1.8,
one can observe the formation of a magnetic antisoli-
ton with the opposite (with respect to the soliton)
magnetization direction at its center.

Having applied an external dc magnetic field
directed opposite to the magnetization at the MS cen-
ter, one might obviously expect (as for the case of mag-
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Fig. 2. Time dependences of the soliton amplitude (a) without a field and (b) in an ac field: 4y = 0.1, parameter L = 0.01, initial

field frequency 0.83, and well parameters W= 2 and K= —1.4.
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Fig. 3. Oscillations of an antisoliton with emission of spin
waves in the absence of damping at different instants: # =
(a) 153 and (b) 156 (W=2, K=-2,hy=0.1,u.=0.01, and
initial field frequency 1.0).

netic vortices in spin-valve structures [11]) magnetiza-
tion reversal at the MS center at some critical mag-
netic field strength. Such reversal and MS
transformation into an antisoliton were observed at
h=0.6, W=2, and K= -2 (Fig. 1). Note that, as in
the case of magnetic vortices in spin-valve structures
[11], a sufficiently strong dc field should be applied.

Let us now consider the case of application of an
external ac magnetic field and the use of self-reso-
nance phenomenon for controlling the dynamic char-
acteristics of an MS. It is known that the use of self-
resonance control models makes it possible to reduce
significantly the magnitude of an external effect on a
system [15—17]. The field frequency has the following
form: ® = w, + pr, where ), is the soliton eigenfre-
quency and U is a small parameter. Let us consider the
case of K= —1.4 and W = 2, where an MS with an
oscillating amplitude is generated in the thin layer
after passage of a DW through it in the absence of field
(Fig. 2a). At hy=0.1, 0 = 0.01, and ®, = 0.83, genera-
tion of a magnetic antisoliton is observed after passage
of a DW through the thin layer. The soliton amplitude
in the absence of magnetic field decreases with time,
whereas in an ac field with a certain frequency (related
to the MS eigenfrequency), the magnetic antisoliton
amplitude increases by a factor of 2 (Fig. 2); however,
further increase in the amplitude is limited due to
emission of spin waves. A similar situation is observed
in an ac magnetic field with an increase in the param-
eter K: the amplitude of magnetic antisoliton oscilla-
tions increases by a factor of 2 (albeit at another,
changed frequency, because the antisoliton frequency

TECHNICAL PHYSICS LETTERS 2021

depends on the thin-layer parameters). This limitation
on the increase in the oscillation amplitude is caused
by the fact that the antisoliton center does not remain
at the thin-layer center and the translational mode of
its oscillations along coordinate x is also excited,
accompanied by emission of bulk spin waves. These
waves are most pronounced in the absence of damping
(Fig. 3). A sufficiently small thin-layer width induces
disappearance of the translational mode of MS oscil-
lations. In this case, one can achieve a larger increase
in the soliton amplitude (by almost an order of magni-
tude) in an ac magnetic field (in comparison with the
case without a field).

It follows from the performed investigation that the
self-resonance model of controlling an MS in a three-
layer ferromagnet makes it possible to use weak ac
fields, which may find application in magnetic mem-
ory devices.
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