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A cubic ferromagnetic with uniaxial anisotropy induced along the [111] axis is consid-
ered that contains a defect as a slab-like magnetic inclusion. It is assumed that a magnetic
inhomogeneity is localized on that inclusion, the model representation of the inhomo-
geneity corresponding to the magnetization distribution in a zero-degree domain wall. The
microwave excitations of the 0-degree domain wall have been investigated numerically and
the features of their spectra have been considered depending on the sample material
parameters and the defect characteristics.

PaccmarpuBaercsa KyOuueckuii (peppoMarHieTuK ¢ HaBegeHHOU BHoJb ocu [111] omHOOCHOIT
aHM30TPOIINel, comepiKaniuili feeKT B BUAE ILIACTHUHYATOIO MATCHUTHOI'O BKJIOUeHHs. IIpe-
moJjiaraeTcs, 4TO HA HeM JIOKAJM30BaHA MATHUTHAS HEOJHOPOJHOCTL, MOJAEIbHOE IIPeACTaBIIe-
HHUEe KOTOPOM COOTBETCTBYET pacIpegeeHui0 HaMardmueHHocTu B O-rpagycHOil mOMEHHOM
rpaune. YuCIEHHO MHCCJIEJ0BAHLI MHUKPOBOJHOBbIE BO30yxaeHus O0-rpagycHOil mZOMEHHOMN
rPaHuIbl, PACCMOTPEHbl OCOOEHHOCTH HMX CIEKTPOB B 3aBHCHMOCTH OT MATEPHAJLHBIX IIapa-
MeTPOB 00pasia U XapaKTepPHCTHUK gedeKTa.

© 2006 — Institute for Single Crystals

A theoretical examination of micro-
wave excitations of the domain wall
(DW) with adequately accounting for the
field created by magnetic moments is
quite a nontrivial problem that is mainly
solved by numerical methods. Such an
analysis performed in [1-8] for the 180-
degree DWs of the Bloch type has dem-
onstrated that the spectrum of their ex-
citations, in addition to the two low-fre-
quency translations modes and one
unidirectional Gilinski branch [4], fea-
tures a number of other peculiarities
(the availability of additional high-fre-
quency branches, the root peculiarity of
the translational mode, etc.), which are
largely dependent on both the DW topol-
ogy and the anisotropy type. At the same
time, the analysis of the domain struec-
ture of cubic ferromagnets with induced
uniaxial anisotropy has shown that in
near the spin-reorientational phase tran-
sition, there appear solutions of the Lan-
dau-Lifshits equations to which 0-degree

624

DWs correspond [6]. Those represent mag-
netic inhomogeneities, which separate the
areas of the ferromagnet with the same di-
rection of the magnetization vector M in
domains. It follows from the calculations
[6] (which qualitatively agree with the ex-
perimental data [7]) that those areas are
localized in the defect areas and act as a
new phase nuclei in the processes of the
magnetic spin reorientation from one state
to another. Their dynamic properties re-
main practically uninvestigated; in this con-
nection, it is of interest to examine the mi-
crowave excitation spectrum of the 0-degree
DW in a cubic ferromagnet with uniaxial
anisotropy induced along the [111] axis (a
(111) slab) with defects present therein.

The total energy of such a magnet shall
be considered under account for the ex-
change interaction, the dipole-dipole inter-
action, the presence of a combined anisot-
ropy, as well as of the defect. It will have
the form:
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E = [[A[(VO)2 + sin20(V)?] + (1)
14
+ K,sin20 — %Ms(de)+

+K 1{%sin46 + écos‘le + gsin%cosecos&p}}d%

where 6 and ¢ are the polar and the az-
imuthal angles of the magnetization vector
M; A, K,, K, are the constants of the ex-
change interaction, of the uniaxial anisot-
ropy and the cubic anisotropy, respectively;
M, is saturation magnetization; m, a unit
magnetization vector (m = M/M,); V, the
magnet volume; HY, the demagnetizing field
which can be obtained from the equations of
magnetostatics

div (H? + 4nM) = 0, rot H? = 0. (2)

Here, the coordinate system is selected in
such a way that ox [112], oy [110], oz [111].

A slab-like magnetic inclusion [8] is con-
sidered as a defect that stabilizes the struc-
ture of the 0-degree domain wall. This in-
clusion is the area of the magnet where the
material parameters R have the values dif-
ferent from those in the matrix, i.e. they
depend on the coordinate y as

R+ AR, lyl <% (3)
R(y) = ’ ,
@ {R, lyl = Y2

where ! is the defect size, R = {4, K, K},
AR = {AA, AK,, AK,} are the values of the
parameter R leap in the defect area.

The spin-wave excitation of a DW in a
ferromagnet are described by Landau-Lif-
shits equations of magnetodynamies for the
magnetization vector

Mgaep . SE (4)
- sinf = 50’
M0 . SE
- ———=sinb = —
y Ot 0]

and magnetostatics ones of the form (2).
To investigate small deviations of mag-
netic moments in the DW from their equi-
librium values defined by the exact solution
of the Landau-Lifshits equations for the
static case, we shall linearized the system
(4) with due account taken of (2), substitut-
ing HY as: H4 = M,Vy, where y is the mag-
netostatic potential. The magnetization dis-
tribution in the 0-degree DW in the absence
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of defects and small perturbations is deter-
mined by the expressions [5, 6]

t20o(y) = - , ©p = 0,m, (5)

1
chE)-c
where & = by/Ay, Ay =\f;1_/_K_u, a, b, ¢ are
variational parameters. Harmonic devia-
tions of spins from the equilibrium distribu-
tion (5) will be identified in the form a
small addition to the principal solution

6 = 6y(y) + O(y)sinot — k. x — k,2), (6)
? = 9oy) + p(y)eos(ot — kx — k,2),
Y = y(y)sin(ot - k,x — k,2).
In this case, the linearized system of

equations (2), (4) will be reduced to the fol-
lowing form:

22 f(60)+k2e( - (7
a2~ o4 ¥
0»sing

" oA oY) +

k. cosBy — k,sind

QA
2 o) + k2
8_(1)_ _ [0 N g( 0) +
oy? sinf,8A 3A
00
SRR VR
QsinfpdA Oy oy dy

w(y),

o(y) -

o2 :
6—;2*1 = 0(y)(k,sind, — k, cosdy) —

- sineog—(p + y(y)k2.
Y

Here,
f(0g) = 8K (cos?0y — sin?0)+

8
+ 28K, gsin290cos290 - lsilr1460 - gcos460j(+)

2 3
+ @0K{(2sin20,c08%0 + V2sinbycos36, —
— \25in36,coshy),

g(eo) = 3—\2/§$ SKlsiHGOCOSGO.

The boundary conditions will be taken as

lim (8,0,y) = 0. 9

y—>to

Besides, normalizations have been intro-
duced
6 = er, (P = (pAo, xi = xl/Ao, kl = kZAd’IO)
Y- oM, oy - K|
Tk VT anM, YT oM
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Fig. 1. The spectrum of microwave oscilla-
tions of the 0-deg. DW; here, AA=0.5 A,
AK, =0.5K,, AK,=-K,, l=4, @=1, k=
0.5. Curve 1 is the boundary of the solid
spectrum zone; 2, the Gilinski branch; 3, the

translational mode. & = ,.

®=K,/K,, SR=1+AR/R.

The problem of finding the DW oscilla-
tion spectrum can be formulated as follows:
in the three-dimensional space with coordi-
nates (k,, k,, ®), where k is the wave vec-
tor, which defines the propagation direction
of the oscillations, whereas ® defines their
frequency, it is necessary to find a set of
points where the system of equations (2)
and (5) has a solution which decreases as
one moves from the DW plane.

The problem was numerically investi-
gated, the calculations involving two steps.
First of all, the equilibrium values of the
0-degree DW parameters were determined
by solving the variational problem for mini-
mizing the full energy E with due account
taken of (3), where the law of changing
magnetization in the 0-degree DW in the
form of (5) was taken as a trial function.
The second step involved the solution of the
system (7) with due account taken of the
obtained values of the variational parame-
ters a, b, c.

The numerical analysis results of the
spectra of 0-degree DWs are substantially
different from the properties of a DW of
other topologies described in several works
[1-4]. This is related to a special structure
of the 0-degree DW, since a symmetrical
function of magnetic moments distribution
in the transition layer corresponds thereto:
my(—y) = my(y). It is evident from the re-
sults obtained that the excitation spectra of
the 0-degree DW, including the Gilinski
branch, are symmetrical with respect to the
frequency axis, whereas in the case of the
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Fig. 2. The spectrum of microwave oscilla-
tions of the 0-deg. DW; the material parame-
ters and notations are the same as in Fig. 1
(except for e&; & = 8). & = &,.

180-degree DW, the latter is asymmetrical
[1-4]. The investigation of the spectrum
type dependence on the values of the pa-
rameter k¥ has shown the existence of an
area of the wave number values, where os-
cillations of the 0-degree DW localized on
its surface are forbidden (Figs. 1,2). As
seen from the Figures, as the parameter x
increases, at its certain threshold value, the
spectrum branches coresponding to the DW
oscillations localized on its surface start to
"move apart”. As they do so, only volumi-
nous spin waves can be excited in the area
of the smaller values of the wave number.
As @ increases, there takes place an expan-
sion of the zone forbidden for other type
excitations except for voluminous spin
waves, as well as a movement of its bound-
ary towards lower frequencies. This change
in the spectra shape can be related to a loss
of the 0-degree DW stability with respect to
microwave oscillations with a small value of
the wave number as « increases. Figs. 3 and
4 show the kind of the spectrum frequencies
as a function of the defect linear dimen-
sions. When analyzing the results thus ob-
tained, one can easily identify a tendency to
the expansion of the zone forbidden for
spin-wave excitations localized on the DW
surface, as the defects linear dimensions in-
crease. As this takes place, the correspond-
ing branches tend to shift towards larger
wave number values.

Thus, the spin waves have been analyzed
that are localized on the 0-degree DW in a
cubic ferromagnet with the uniaxial anisot-
ropy induced along the [111] axis which
possesses a defect in the form of a slab-like
magnetic inclusion. The analysis has shown
that in addition to the properties in com-
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Fig. 8. The spectrum of microwave oscillations
of the 0-deg. DW; the material parameters and
notations are the same as in Fig. 1 (except for

&, l;ae=6,l=2).ae=aezk
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Fig. 4. The spectrum of microwave oscillations
of the 0-deg. DW; the material parameters and
notations are the same as in Fig. 1 (except for
®, l; @=6,1=06). &=2e,.

mon with the DW of other topology (the
presence of the same set of branches), the
spectra which are characteristic of the 0-de-
gree DW possess a number of differences,
these being connected with a peculiarity of
distribution therein of magnetic moments.
This results, first of all, in the symmetry of
all branches of the spectrum (including the
Gilinski branches which remain asymmetric
in other cases). Besides, a phenomenon has
been discovered of the appearance of the
0-degree DW instability zone with respect to
the oscillations with small wave numbers,
this zone expanding with the increase of the
parameter & and depending on the energy
value of the defect and its linear dimensions.

The paper was supported by Grant of the
Ministry of Education and Science of the
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IIpo cmeKTpM MiKpOXBUIABOBHX KoaumBaHb (-rpamycHOl
TOMEHHO1 MeKi y KyOiunomy epoMarHeTury

P.M.Baximos, €.1.Cepzeee

Posraamaerpcss KybOiunHuil (hepoMarHeTMK 3 HaBeAeHOIO B3moBK oci [111] omHOBicHOIO
aHisoTpoIrieo, mo mMicTurs medeKT y (PopMi ILIaCTHHYACTOrO MArHiTHOro BKJIIOueHHs. IIpm-
IIyCKAeThCH, [0 HAa HBOMY JIOKAJIi30BaHA MarHiTHas HEOIHOPIiJZHICTH, MOJebHE IIPeACTABJIEH-
Ha AKol Bigmosimae posmoxiny Hamarmidenocri y O-rpaxycHiii momeHHi#i mexi. Bukonamo
YMCJIOBE HOCHiIKeHHA MIKPOXBHJILOBUX 30yasKeHb O-rpajycHOl HOMEHHOI MeKi, pOSIISAHYTO
ocobamBOCTI IXHIX CIIEKTPiB 3ajJIe’KHO Big mMarepiaJbHHX IapaMeTpiB 3pasdKa Ta XapaKTepuc-

TUK gederTy.
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