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The model concept of magnetic inhomogeneities being generated in the crystal defect
region isconsidered using the magnetization distribution corresponding to the O degree
domain wall. This solution originated in the idealized model of an unrestricted cubic
ferromagnetic (without taking into account the crystal defects) in the spin reorientation
region makes it possible to study not only the phase transition kinetics but also the
magnetization reversal processes in real crystals.

PaccmarpuBaerca MogesbHOEe MpeACTaBeHNEe MAarHUTHBIX HEOJHOPOJHOCTEH, 3apoKIaro-
muxcd B obsacTu medeKTOB KPHUCTALIA, C MIOMOIILIO paclpeesieHus HaMarHUYeHHOCTH,
cooTBeTcTBylomiero O-rpaxycHoii momeHHO# rpaHuie. IlokasaHo, UTO JaHHOEe pellleHUE, BO3-
HUKalIlee B UIeAJIUSUPOBAHHON MOIEJN HEOTPDAaHWUEHHOTO KYyOMUecKoro (heppoMarHEeTHKa
(6es3 yuera ned)eKTOB B KpPUCTAJJe) B 00JACTU CIMHOBOI IepeOpUeHTAIlUU, IIO3BOJIAET U3Y-
YUTH He TOJHKO KUHETHUKY (hasoBOTrO Iiepexofa, HO U IPOIlecChl IepeMarHWUUBAHUS peasib-
HBIX KPUCTAJJIOB.

The properties of magnetic materials are known to be affected substantially by presence of
various defects in those materials, Magnetic inhomogeneities originate on the defects, adapt to the
defect structure and play a critical part in the sample magnetization reversal processes from one
state to another [1, 2]. A theoretical consideration of phase transition of the spin reorientation type
for finite defect-containing ferromagnets has shown [3] that for the description of the fluctuation
mechanism of nucleation (most fully realized in the situation of question), magnetic inhomogene-
ities of the 0-degree domain wall (0°-DW) type can be used as a model representation of the new
phase nuclei being “condensed” on the defects. The qualitative agreement of the results obtained
with experimental data [2] enables one to apply the mentioned approximation to desecribe the pro-
cesses of magnetization and magnetization reversal in real crystals.

Let us consider the influence of the external magnetic field H (H |[[111]) on nucleation pro-
cesses on a defect in a cubic ferromagnet with a uniaxial anisotropy induced along [111]. The
materials with such a combined anisotropy include the majority of epitaxially grown ferrite-garnet
crystals, magnetic semiconductors of the CdCr_Se, type [1], some intermetallic compounds [4], etc.
The energy of such a magnet, with due account for the exchange and Zeeman interactions, induced
uniaxial and cubic anisotropies and magnetostatic energy of the spatial charges localized in the
DW, will be written as [3]:
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where 0,0 are the polar and the azimuthal angles of the magnetization vector M, respectively;
0,,.¢, —values of these angles in domains; A, exchange parameter; K ,, K —constants of the uni-
axial and cubic anisotropies, respectively; M, — saturation magnetization; I — external magnetic
field strength, H || [111]; L. —the sample width in OX direction (L, — o0); D — the slab thickness.
Here, the system of coordinates is selected in such a way that OZ || [111], and OY is perpendicular
to the DW plane and makes the angle ¢, with the [110] axis. It is assumed that the slab, which
is considered infinite in the XOY plane, is sufficiently thick, and the contribution of demagnetizing
fields of surface charges to (1) is neglected (an idealized model).
It follows [3] from the analysis of the Euler-Lagrange equations that are written as
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that at /7/=0 within the range 4/3 <a<3/2, K > 0 (& =K1/ | K, ). the following solutions arise:
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where Ay = /A/K, . Those are consistent with magnetic inhomogeneities of the 0°-DW type, which
represent large-scale fluctuations of the vector M arising in the vicinity of the spin reorientation
phase transition of the first order. Those may be of two types: the large-amplitude soliton (LAS)
and the small-amplitude soliton (SAS) that differ in energy £, , width A, and maximum deflection
angle of the vector M from the homogeneous state 6, (in amplitude). The expressions for the latter
are presented in [3]. Those are unstable in the idealized model [3, 5]. However, if inhomogeneity
of material parameters and finiteness of the sample are taken into account, 0°-DWs become stable
formations.

In a nonzero field, solutions of the Euler-Lagrange equations [3] cannot be obtained using the

known functions. However, an analysis of the phase portrait of these equations for ¢ = 0,% shows
(Fig. 1) that there exist phase trajectories (separatrices) shaped as closed loops to which 0°-DWs
correspond, these DWs having a structure similar to (4). This allows one to investigate the process
of magnetization reversal of real crystals, this process being conditioned by the mechanism of non-
coherent rotation of magnetic moments. The variation method [3] is used as a basis for modeling
the origination processes of reverse-magnetization domains that are fixed at the defects. In this
variation method, the function of the kind (4), where @, b, ¢ are considered as variation parameters
of the problem, is used as the magnetization distribution near a defect. If this approach is used,
determination of the stable conditions of 0°-DW in a magnetic field will require considering the
influence of the slab demagnetizing fields and the presence of defects therein. Their contribution
to (1) will be regarded similarly to [3]. Then, the full energy of the 0°-DW, with both of the factors
taken into consideration, will acquire the form
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v o w=14;h=03.
_n \/ . n
’/// N\
,’//’ T / BB N / —
Osr As [ €s
120 10k
1 -1.0F
8o 2 ok
3
\ _20 -
401 st
123
0 ! ! I ! ] 7 1 1 1 1 ] 3.0 ! ! ! ] ]
04 00 04 08 12 h 04 00 04 08 12 h -04 00 04 08 12 h
a b c

Fig. 2. Graphs showing the dependence of the 0°-DW parameters on the value of external field h at various
values D for the case AA=0.2, AK, =05 L=5 =5 AKu =-1.5, AM = 0.5, &=1.42. Here, curve I corre-
sponds to D=3, curve 2 — D=7, curve 3 - D=30.
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where E, . is the magneto-static energy of “surface” charges [3] that is determined by the expression
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whereas F; represents the contribution to (5), brought about by inhomogeneity of material param-

eters R ={A K K, M}, which in the vicinity of the defect (|y| < L/2, where L s the defect size)
experience a jump by the value of AR = {AA,AKl AK,,AM S}. Accordingly, F; is written as:
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The corresponding variational problem to find the stable conditions of 0°-DW is solved by nu-
merical minimization of the functional (5) with respect to the parameters a, b, ¢. It should be
stressed here that, as shown in [3], this approach is acceptable if the following conditions are met:
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Fig. 3. Graphs showing the dependence of the 0° DW parameters on the value of external field h at various
values L for the case A4 =0.2, AK =0.5 & =5, AKu =-1.5, AM = 0.5,2e=1,42. Here, Curve 1 corresponds to
L=4, 2 -1=53-L=1.

D>>Ay, @>1 ,where @=K, /211M§ is the factor of the material quality.

The numerical minimization results of the expression for the reduced energy of the 0°-DW ¢, (
e, = /2K, L .DA\)) are presented in Iig. 2-5 where all the parameters having the length di-

mensionality are reduced to Ay. Besides, the jump values of material parameters AR are also
reduced: dR = AR/K,, . Here, the output parameters of the problem defining the structure and

stability of the 0°-DW include its energy =, , width Ay and amplitude 6, . It follows from the
calculations [3] that in the absence of an external field, 0°-DWs as stable formations exist within
the certain ranges of defect and material parameters. The stability area thereof is limited by two
limiting values: at some values, 0°-DWs collapse, at others, dissipate. Another important result
of [3], which agrees with the experimental data [2], is that magnetic inhomogeneities originating
at defects adapt to the defect profile.

The presence of an external field with H || [111] affects essentially the structure and stability
area of 0°-DW and, in particular, results in a situation where these inhomogeneities, differing in the
direction of M in domains and having identical energy in the zero field, behave differently. Thus, it
can be seen from Fig. 2, that when the field is switched on, the dimensions of the 0°-DWs with M
| I[111] in domains decrease, whereas those of 0°-DWs with M ||[T11] in domains increase. This
is explained by the trend of magnetic moments in 0°-DW to “rotate” towards the field direction. As
the field increases further, the 0°-DWs with M ||[T11] in domains dissipate (A, — 0o, 0, — ),
which is connected with unfavourableness of such a structure (here, magnetic moments are mainly
directed against the field). In case of the 0°-DW with M || [111] in domains (i.e. magnetic moments
in domains are directed along the field), an increasing H may result in a jump-like transition of
the 0°-DW from the structure, corresponding the LAS, to that characteristic of SAS [3]. And, as
calculations show, the SAS width in the transition point exceeds that of LAS. Moreover, it is a more

energy-favorable formation. The field value h, at which the transition from LAS to SAS takes
place depends essentially on the material parameters, on the defect characteristics (to the greatest
degree) and the slab thickness. In particular, it is seen from Fig. 3 that as the defect size increases,

the transition critical field h, is shifted towards larger h values. This is explained by the fact that

defect type under consideration, for which AR >0, is the factor that stabilizes the 0°-DW structure
of the Bloch type. In this case, the larger is L, the more energy-favorable is the 0°-DW in the state
characteristic of LAS.

The 0°-DW shows a similar behavior as a function of the slab thickness D (Fig. 2). Moreover, as
D increases, the h, values also shift towards stronger fields. Here, the critical factor is a reduction
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Fig. 4. Graph showing the dependence of the critical ~ Fig. 5. Graphs showing the dependence of the criti-
field on the value of 1/ at various AK, for the case  cal field on the value of L at various € for the case of
AA=0.2 L=5 =5, AKu=—1.5, AM =0.5, 50=1.42. AA=0.1, D=35; AK = 0.5, AKu =-1.0, AM,=0.1,
Here, curve I correspondsto AK, =0.3, 2—- AK =0.4, 2=1.42. Curve I corresponds to @=5 2-Q =7,
3-AK =05,4-AK =06, 5§-AK =0.17. 8- =10.

in the influence of the slab demagnetizing fields on the stable conditions for the 0°-DW. Quite useful
(from the practical point of view) information on this dependence can be obtained by plotting the de-
pendence of the critical field & _, at which the inhomogeneity under consideration disappears, on the

@~ value. This critical field corresponds in essence to the field at which the reverse magnetization
nuclei originate at the defect and is associated with the sample coercive force H_[5]. It is seen from

the calculations that the dependence obtained (Fig. 4) is a linear function of the Qfl value, 1.e.

he=a+pQ " ®)

where o, are empirical constants. After substituting explicit expressions A, and  into that func-
tion, we get

H,=o 2K, I M, +473M, ©)

which in its form (without considering the field sign) coincides with the expressions for H_, ob-
tained under various approximations [5-7]. In particular, in the theory of the magnetization re-
versal conditioned by the coherent rotation mechanism of the magnetic moments [5], a=1,3=1
. At the same time, in the linear theory of inhomogeneous magnetization reversal [6], 3 =1, while
the parameter o (the “microstructural” factor) depends on the defect characteristics. Moreover,
a ~ AR and the dependence of the “microstructural” factor on the defect dimensions is more com-
plex: at small L (L <A, ), a~L! , at greater L (L>> /), o 1s practically independent of L. The
dependences thus obtained provided to explain to some extent the “Brown’s paradox” consisting in
a significant divergence (by two or three orders) between the coercive force values obtained theo-
retically in the coherent rotation model of magnetic moments, and the experimental data for H..
However, an essential drawback of these calculations (and others, too, for example [7]) consists in
disregarding of the slab demagnetizing fields (to be more exact, taking them into account in the
Winter approximation [8] which results only in renormalization of the induced uniaxial anisotropy
constant).

The method developed in this work allows to consider the magnetostatic factor more fully and
expand the applicability range of the expression (4) for H.. Thus, it follows from the analysis of
the 0°-DW stability area with respect to field that the § value still differs from 1 and depends on
some material parameters (though weakly), in particular, on thickness D. It follows from Fig. 4 that
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o~ AKj, which agrees with [6], while the dependence « (L) (Fig. 5) has a more complex nature:
as L increases, the “microstructural” factor increases, asymptotically tending to a certain constant
value. The latter does not altogether agree with the results [6] and indicates certain limitations of
the model under consideration, in particular for small L. In this range of L values, the 0°-DW does
not exist at all: it has collapsed long before these values. At the same time, the presence, in the zero
field, of the stability limit of the 0°-DW with respect to the collapse on parameter L [3] does not
fully agree with the experimental data, since at small L (L < Ay) there is nevertheless a magnetic
inhomogeneity of the 0°-DW type on the defect, but having a different structure. In further investi-
gations, this circumstance can be taken into account and the model can be generalized, considering
the 0°-DW with the quasi-Bloch structure, where 6 = 6(y) and © = @(y) [7]. Such a model is a more
challenging problem and requires a special research.

Thus, it follows from the above calculations that the considered model of reverse magnetization
domains based on the concepts of 0°-DW agrees well enough with the models known before. At the
same time, it has certain advantages over them. First, the presented model can describe the mag-
netization reversal processes in a wide class of materials, including the samples of finite dimen-
sions and containing the structure defects. Second, it allows to find not only specific characteristics
of the material that are important from the practical point of view (for example, coercive force H )
but also to study the structure and properties of magnetic inhomogeneities localized near a defect,
i.e. to investigate the nucleation process on the defect when the crystal is re-magnetized from one
state to another. Finally, the model possesses certain “resources” for its improvement. In particu-
lar, having considered the 0°-DW with the quasi-Bloch structure, it is possible to remove restric-
tions on the model application not only with respect to the defect width, but also with respect to the
sample thickness, and to expand it to arbitrary values of the quality factor, including ¢ <1.
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IIpouniecu HeOaHOPIAHOTO MepeMarHiuyBaHHSA
Y peaJbHHUX KpPHCTAJax

P.M.Baximoe, A.P.IOmazy3in

Posrausagaerscsi MomebHEe MIPEACTABICHHSA MATCHITHUX HEOMLHOPiIHOCTEH, IO 3apOAKyIOTh-
ca B obiacri gmedexTiB Kpucrana, 3a JOINOMOIOI0 PO3IOLiJy HaMarHiueHocri, BiamosimHoro
O-rpagycuiii momenuiii mexxi. IlokasaHo, 110 gaHe pillleHHs, [0 BUHUKAE y MOMAEJi HeoOMe-
JKeHoro Kyb6Giumoro ¢epomaruerurka (06es ypaxyBamHs gedexTiB y Kpucramai), 110
imeamisyerncss, B obOsacrti mepeopienTarii crmHy, 103BOJIA€ BUBUYUTH HE TiJIbKH KiHETHUKY
¢da3o0BOro mepexoiy, aje i Imporecu nepeMarHiuyyBaHHS pPeajbHUX KPHUCTAJIIB.
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