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The results of experimental and theoretical study of magnetic domain structure drift in low frequency oscil-
lating magnetic field oriented perpendicular to the sample plate are presented. Experimental study was performed
on uniaxial iron garnet (TbErGd)s(FeAl)sO12 (111) plate with rhombic anisotropy for the case when orientation
of domain walls of stripe domains is preserved. Dynamic domain structure was revealed by means of magnetooptic
Faraday effect and registered by high speed digital camera at the speed equal to 1200 fps. Theoretical model based
on the motion equations for coupled harmonic oscillators that takes into account attenuation and field inhomo-

geneity along the plate is proposed.
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1. Introduction

The drift of domain walls (DW) is a translational mo-
tion of an array of stripe domains as a whole in direc-
tion, perpendicular to the domain walls plane, in oscil-
lating magnetic field. In Ref. [1] a dislocation mechanism
of drift was proposed. In Ref. [2] it was suggested that
translational motion of domain structure (DS) is caused
by various inhomogeneities that lead to different condi-
tions on the neighboring DW. Analytical theory of drift
was proposed in [3].

In Ref. [4] experimental dependencies of drift speed
in iron garnet single crystals with complex character
of magnetic anisotropy on amplitude and frequency
of external oscillating magnetic field were established.
In Ref. [5] the drift of stripe domain structure was ob-
tained by numerical simulation of vibrational motion
of DW system modelled by the system of motion equa-
tions with non-homogeneous initial conditions for neigh-
boring DW for frequencies that are close to natural vi-
bration frequency of the DW system.

In Refs. [6, 7] numerical simulation of DW motion was
performed for frequencies around 102 Hz, where the drift
is observed experimentally, and dependencies of DW os-
cillations amplitude on amplitude of external magnetic
field for the process of DW drift with reorientation of DW
were presented.

In this work the results of experimental study
of the drift in uniaxial (111) plate with rhombic
anisotropy cut from iron garnet crystal are presented.
The character of oscillations of DW of stripe domains is
studied in the region of amplitudes of oscillating exter-
nal magnetic field that includes the drift of the DS as
a whole for the case when stripe domain DW orientation
is preserved.
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A model of stripe domain structure motion that in-
cludes attenuation associated with attenuation of mag-
netization precession in magnetic field is proposed.
In contrast to the earlier results of [5-7], it is shown
that the drift of stripe domain structure takes place
in the model in case of homogeneous initial conditions
and proceeds despite the presence of attenuation.

2. Experimental results

Experimental study was performed on (111) iron
garnet (TbErGd)s(FeAl)s012 plate in an alternating
magnetic field H = Hysin(27ft) applied perpendic-
ular to the plane of the sample. Basic parameters
of the sample: thickness L = 48 pm, saturation mag-
netization My = 40 Gs, uniaxial anisotropy constant
K, = 3.8 x 103 erg/cm?, cubic anisotropy constant
K; = —3.2x10? erg/cm®. Exchange interaction constant
A ~ 1077 erg/cm, attenuation parameter o = 0.45 [8].
DS was detected using magnetooptic Faraday effect and
recorded by high speed digital camera at the speed equal
to 1200 fps.

Upon application of alternating magnetic field with
frequency f = 150 Hz the oscillations of domain walls
were observed. With increase of the field amplitude Hy
to 100 Oe the oscillations were superimposed by transla-
tional motion of the stripe domain structure in a direc-
tion, perpendicular to the domain walls.

The dependencies of DW coordinates and coordinates
of the center of the domain on time were determined
(Fig. 1). The center of the domain (Fig. 1, curve 3) moves
translationally with average speed equal to 0.16 mm/s.
The neighboring domain walls (Fig. 1, curves 1, 2)
oscillate in antiphase with the frequency of external
magnetic field and simultaneously move translationally
with the speed of the center of the domain. Solid lines
in Fig. 1 are approximations of the corresponding points
by the sum of harmonic and linear functions.

Figure 2 shows the dependence of DW oscillations am-
plitude (Fig. 2, curve 1) and dependence of the speed
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Fig. 1. Coordinates of the domain walls (curves 1, 2)
and of the center of the domain (curve 3) for 9 oscillation
periods of the external magnetic field. Experimental
results: f = 150 Hz, Hy = 111 Oe. Solid curves are
approximations to experimental points.
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Fig. 2. Dependencies of amplitude Apw of DW oscil-
lations (curve 1) and of DW drift speed V (curve 2)
on amplitude of external magnetic field Hy. Experi-
mental results: f = 150 Hz.

of drift (Fig. 2, curve 2) on amplitude of external os-
cillating magnetic field. The amplitude of oscillations
of DW appears to be a linear function of Hy in the inter-
val of amplitudes that includes the drift of the domain
walls. The observed threshold field of start of the drift
Hy = 100 Oe is due to rapid increase of the number
of magnetic dislocations [1] that nucleate in the sample
at fields Hy > 100 Oe.

In the investigated sample the orientation of DW main-
tained throughout the interval of existence of the drift
of stripe domains, which is due to the relatively high
value of rhombic anisotropy constant K, (K,/K, =1.2).
While at K,/K, = 0.6 the drift was accompanied by re-
orientation of the domain walls [7].

3. Numerical simulations

DW motion is described by the equations of forced
oscillations of a system of coupled harmonic oscillators
(see, e.g., [9]). It is assumed that internal structure
of DW does not change during the motion, DW has effec-
tive mass and moves due to pressure forces acting on its
surface.

Consider a model of stripe domain structure in a plane-
parallel uniaxial plate with thickness L in external
magnetic field H(t) = Hpsin(wt), that is applied per-
pendicular to the plane of the sample and parallel
to the OZ axis (Fig. 3).

Fig. 3. The model of stripe domain structure.

In this case the following forces are acting on the DW:
external oscillating magnetic field force that shifts
the DW from equilibrium, “restoring” force associated
with magnetostatic energy of stripe domain structure
and dynamic friction force associated with attenuation
of magnetization precession in magnetic field. Coercivity
of domain walls is not considered in this model.

The easy axis of magnetization is perpendicular
to the sample plate and parallel to the OZ axis. Mag-
netization vectors Mg in the domains are oriented either
along the OZ axis or in the opposite direction. The pe-
riod of the domain structure is equal to 2D, where D is
the width of a single domain.

Homogeneous oscillating magnetic field will only cause
oscillations of DW in the model without translational
motion of the domains. In non-homogeneous case when,
for example, the amplitude of oscillating field is non-
homogeneous, the forces that act on the walls of a single
domain will be different, which can cause the drift of DS.
Similar effect occurs in case when additional inhomoge-
neous constant magnetic field is applied to the sample
or in case of inhomogeneous magnetization in the plate’s
plane. In the simplest case of weak gradient inhomogene-
ity, i.e. when the inhomogeneity is described by a linear
function of coordinate, the difference of forces that act
on the domain walls is proportional to the distance be-
tween the DW. For stripe domain structure this will cor-
respond to the force that acts on the domain and does
not depend on the coordinate.

Denote the displacements of domain walls from their
position in the absence of magnetic field by A and B.
Such displacements are equal for all periods of the do-
main structure at any given moment of time. Thus, for
every period Dy =D —-A—B, Dy, =D+ A+ B.

The symmetry of the problem allows to write down
the motion equations for two neighboring domain walls,
which is sufficient to describe the motion of all domain
walls in the given model of domain structure. The energy
densities of external magnetic field vy and of magneto-
static energy v, have the form given in [7] (derivation is
given in [10]).
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In this case the equations that describe the DW mo-
tion of stripe DS in direction perpendicular to the DW
can be written in the following form (in dimensionless
variables):

gj‘; + n% + f(a,b) + A — whsin(v7) = 0,
g—jg + n% + f(a,b) — whsin(vt) = 0,

(1)
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), @
a=2rA/D and b = 27 B/D are dimensionless variables,
that correspond to the displacements of left and right
domain walls, respectively, { = wL/D, h = Hy/4n M,
w = 2nf, v = w/2, T =t2, 2?2 = 8xtM2/mD,
m is an effective mass of DW per unit area, n =
a(D/(A/K,)Y?)Y/? = 8.9 is a dimensionless attenuation
parameter.

Constant term A in the first Eq. (1) corresponds
to the difference of forces that act on the domain walls.

The system was solved using Wolfram Mathematica
(c) (LSODA solver) [11] with homogeneous initial con-
ditions. Figure 4 shows the results of numerical so-
lution of the system (1) with parameters of the real
sample (see Sect. 2). For these values of parameters
m=~1x10719 g/cm?, 2 ~ 4.5 x 108 Hz.
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Fig. 4. Coordinates of the DW (curves 1, 2) and
of the center of the domain (curve 3) for 9 oscillation
periods of the external magnetic field. Numerical simu-
lation: f = 150 Hz, Ho = 111 Oe.

Curves 1 and 2 in Fig. 4 show the positions of the right
and left DW with respect to time, curve 3 shows the po-
sition of the center of the domain. The figure shows
that DW movement is oscillatory and the period of DW
oscillations is determined by the period of oscillations
of external magnetic field. The average speed of the DS
drift is determined by the inhomogeneity parameter A.
The value of A = 2 x 107 corresponds to the exper-
imentally observed speed of drift equal to 0.16 mm/s.
The change of sign of A results in the change of the di-
rection of the drift to the opposite.

4. Conclusions

A threshold nature of stripe DS drift is established
experimentally. It is shown experimentally that DW
maintain their orientation in the whole interval of drift
of stripe domains at high level of rhombic anisotropy
(Kp/K, = 1.2) and DW oscillations amplitude depends
linearly on the amplitude of external magnetic field in-
cluding the interval of DW drift.

The results of numerical simulations, that take into
account attenuation and inhomogeneity of a simple type
along the plate, are in agreement with experimentally
observed DS behavior: neighboring DW oscillate in an-
tiphase while the DS as a whole drifts with constant
speed. Comparison of computed drift speed with exper-
imentally observed value allowed to estimate the param-
eter of inhomogeneity of the field.

The drift in the experiment can be caused by other
physical reasons as well. Full consideration of the matter
is a subject of further work.
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