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The mechanism of spin-reorientation phase transition (SRPT) in ferrite-garnet films
has been studied. Changes in structure of domain boundaries during phase transition have
been investigated. Domain structure models appropriate for the experiment are proposed.
It has been shown that the phase transition through nucleation in the domain boundary
induces the first-order phase transition from axial to angular phase. The SRPT mechanism
does not depend on the value of ratio between anisotropy constants.

Wsyuen MexaHUsM COUH-IIepeopUeHTaAImoHHOro (asosoro mnepexoga (CIIPII) B deppur-
rpaHaTOBBIX IUIeHKax. MccieqoBaHo M3MeHEHNE CTPYKTYPHI JOMEHHBIX IpaHuIl npu (hasopom
nepexoge. IlpeqioKeHbl COOTBETCTBYIOIIME SKCIEPUMEHTY MOJEJN MAOMEHHOU CTPYKTYPBI.
IToxkazano, uro GaszoBBIl Hepexoa HyTeM 3apPOoAbIIIeo0Pa30BAHUSA B JOMEHHON I'DAHUIIE BbI3bI-
Baer CII®PII I poma ua ocesoit (asel B yraosywo (asy. Mexanusm CII®PII me sasucur ot
BEJMYNHBl COOTHOIIEHUSA MEXKIY KOHCTAHTAMN AHH3OTPOINM.

1. Introduction

Ferrite-garnet films possess mixed an-
isotropy: alongside with the crystal-
lographic cubic anisotropy (K;) there exists
uniaxial one (K,) induced during film
growth. The axis of the growth-induced
uniaxial anisotropy <111> is oriented per-
pendicularly to film plane. Three axis of the
crystallographic anisotropy <111> are ori-
ented at an angle to film plane. The ratios
of uniaxial and cubic anisotropy constants
as well as saturation magnetization depend
on temperature: K, /K; and Mg(T). For the
magnetic compensation and Neel tempera-
tures, T and Ty respectively, saturation
magnetization is zero. The domain structure
(DS) is very sensitive to changes in mag-
netic characteristics of films it changes
with anisotropy and magnetization. It is
therefore of interest to study DS behavior
close by the critical temperature where
magnetic moments of sublattices are equal
(T¢) or where there are changes in anisot-
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ropy (T of spin reorientation). As the epi-
taxial films are optically transparent, the
DS can be visualized by Faraday effect
whereas spin reorientation is detected by
the method of color registration. Thus, the
ferrite-garnet films can be used as model
objects for phase transitions (PT) and spin-
reorientation phase transitions (SRPT)
study.

Influence of mixed anisotropy on domain
structure behavior (influence on whai?) has
been not enough studied. In [1-5] spin-re-
orientation phase transition on labyrinth DS
in the ferrite-garnet films has been experi-
mentally studied. Broadening of the domain
boundary between collinear phases with fur-
ther boundary transformation to the noncol-
linear phase at spin reorientation has been
observed in [1]. In [2, 3] changing of inter-
nal structure of the domain boundaries has
been detected. This change occurs under the
restructuring of DS at spin-reorientation
phase transition. In [4, 5] the hysteresis-
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free SRPT occurs from “easy axis” anisot-
ropy type to "easy plane” omne. There was
3K region of two phase coexistence. How-
ever, in [1-5] the possibility of boundary
absence between axial and angular phases
was not indicated. In contrast to [1-5] we
have made an investigation of SRPT on cy-
lindrical magnetic domains (bubbles) in film
with strong uniaxial anisotropy [6, 7]. This
investigation allowed to detect two facts: 1 —
the domain boundary of axial phase is a nu-
cleus of angular phase; 2 — there is no visual
boundary between axial and angular phases.

The two types of SRPT in the film with
low axial anisotropy on equilibrium DS
which created by pulsed magnetic field at
each temperature was investigated in our
work [8]. The method of domain boundary
simulation was used to explain the experi-
mental data. Present paper is a continuation
and extension of the earlier works [6-—8].
The researches have been conducted on non-
equilibrium DS in two magnetic film with
different axial anisotropy. The SRPT occurs
by only temperature change of anisotropy
constants without supplementary energy of
magnetic field.

For both fundamental and applied science
it is very important to be aware of DS be-
havior during anisotropy change and of do-
main boundary (DB) changes. Such studies
are very urgent. First of all, the SRPT can
be used for thermomagnetic recording at
the point of spin reorientation [9]. Sec-
ondly, near the SRPT many physical quanti-
ties (heat capacity, magnetic susceptibility,
Young’s modulus, attenuation factor, ete.)
become anomalous [10]. So, with such a
magnetic material, the operation range of
device can be limited. The paper is aimed at
studying the mechanism of spin-reorienta-
tion phase transition.

2. Description of the
investigation results

To achieve the study object we have
studied an influence of mixed anisotropy on
peculiarities of the domain structures of
ferrite-garnet films with different axial an-
isotropy in the 90 K-Ty temperature range.
The results are given for the two films.
Film No.1 with a weak uniaxial anisotropy
having the composition (YBi)3(FeGa)s0,,
(Ty = 421 K, point of magnetic compensa-
tion Ty = 228 K and saturation magnetiza-
tion under the room-temperature conditions
4nMg = 110 Gs) with axial phase in a nar-
row temperature range for 7 > 360 K. Film
No.2 with a high uniaxial anisotropy having
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Fig. 1. Temperature dependences of physical
parameters for film No.l: I — collapse field;
2 — DS period.

the composition (TmBi);(FeGa)sOq, (Ty =
437 K, To = 120 K, 4nM g = 175 Gs under the
room-temperature conditions) with axial phase
in a broad temperature range for T > T. The
easy magnetization axis is <111>. The do-
main structure is observed using Faraday
effect. The spin-reorientation phase transi-
tion is detected by the method of color reg-
istration. Features of SRPT in the films
have been studied. The experimental data
have been used to construct models of the
domain structures and domain boundaries.

Film No.l1. In the temperature range
T, — T, (Fig. 1) the bubble lattice is formed
by the pulsed magnetic field perpendicular
to the film plane (Fig. 2a), then the mag-
netic field is switched off. The formation of
bubbles points to the existence of axial
phase in this temperature range. We ob-
serve dark-green bubbles on the orange
field. These are two axial phases. At T,
some sections of the domain boundary be-
come broader and to the both sides from the
sections we observe changes in color of the
field (from orange to yellow) and of the
bubbles (from dark-green to green) (Fig.
2b). This is the first-order SRPT from the
axial phase to the angular one [7]. The spin-
reorientation phase transition originates
from the domain boundary. Broadened sec-
tion of the bubble domain boundary is a
nucleus of the angular phase. The SRPT in
the whole sample was induced by phase
transition in DB itself. The two transitions
are interrelated. Axial and angular phases
coexist in the temperature range AT =
15 K. Note that the boundary between axial
and angular phases is not visual.
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Fig. 2. Types of DS for film Nol during T change: a — bubble lattice, 370 K; b — bubble, 365 K;

¢ — DS, 290 K.
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Fig. 3. Models of domain structures and magnetization distribution in domain wall: a — 180° axial;

b — 180° angular.

DS models explaining its features in the
range 400 K — T'» (Fig. 3) are proposed. In
the range T; — Ty (Fig. 1) there are two
axial phases F,2%s <111> and F§*s <111>.

The domain boundary is a 180° Bloch one
(Fig. 3a). The uniaxial anisotropy decreases
during cooling to T5. At some sections of
the bubble boundaries the orientation of
spin changes under the influence of cubic
anisotropy. This results in changes of spin
orientation in regions close to the domain
boundary, i.e. we have changes in the colors
of field and bubbles (Fig. 2b). The angular
phases Fy <111> (yellow) and Fl <111>
(green) originate. Thus, the cubic anisot-
ropy induces the phase transition in the do-
main boundary, which, in turn, initiates the
SRPT from axial phase to angular one in
the whole of the sample. In this case, the
domain boundary of the axial phase is the
nucleus of angular phase. The SRPT from
axial phase to the angular one occurs
through nucleation. After the phase transi-
tion the domain boundary is still 180° one,
but its plane is oriented at an angle to axis
<111>. In this case, 180-degree turn of the
spins happens in a broader DB (Fig. 3b).
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Such transition in the domain boundary cor-

responds to its minimal energy.

Film No.2. The bubble lattice has been
formed at 215 K. Two axial phases F; and
F5 have been obtained: the orange bubbles
on the brown field. At 185 K some sections
of the bubble round boundaries have become
broader. At the sections, the field color has
changed from brown to green, that of the
bubbles — from orange to white. This is
indicative of the beginning of spin reorien-
tation process and of the origination two
new phases with the magnetization vectors
directed at an angle to film plane: Fg
<111> — white color of bubbles and Fy
<111> — green field.

In the film with high uniaxial anisot-
ropy, the hysteresis-free SRPT from axial
to angular phase is observed. Thus it is the
first-order SRPT [7]. The same as in a sam-
ple No.1, the angular phase nucleates from
180-degree domain boundary. The SRPT is
induced by the phase transition in DB.
Axial and angular phases coexist at 25 K.
There is no boundary between axial and an-
gular phases.
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Fig. 4. Static soliton: a — distribution of spins; b — three-dimensional presentation.

3. Discussion of the results

Results of the studies have shown that
changes in the ratio of anisotropy constants
K,/K, with temperature result in structure
changes of the domain boundaries and in
the type of domain structure, that is we
observe phase transitions in domain bounda-
ries as well as spin-reorientation phase tran-
sitions. It has been determined that the do-
main boundaries are the most sensitive to
the temperature changes in K,/K;. At the
domain boundary the orientation of spins is
highly alternate. At a specific temperature,
a corresponding orientation of spins at the
domain boundary becomes the most advan-
tageous from the energy viewpoint. Thus,
the rearrangement process, i.e. phase tran-
sition is induced. The phase transition at
the domain boundary induces the spin-reori-
entation phase transition in the whole of
the sample. The character of phase transi-
tion at the domain boundary specifies the
mechanism of SRPT.

Peculiarities of the SRPT from axial to
angular phase are explained by the present-
ing a new phase nucleus as a static soliton
which is growing in size with changes in the
ratio of anisotropy constants (Fig. 4). In
[11, 12], the static soliton is represented as
magnetic inhomogeneity where the density
of spin distribution exponentially decreases
with distance. Such inhomogeneity with a
definite spin orientation, which corresponds
to angular phases, originates in the central
point of the domain boundary. As the den-
sity of spin distribution exponentially de-
creases with distance, there is no jump in
the density of spins of the angular phase at
the axial phase — angular phase interface.
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So, the boundary between the phases is not
visual. The presentation of a new-phase nu-
cleus as a static soliton helps in under-
standing the character of phase transition
at the domain boundary and in explaining
the visual absence of a boundary between
axial and angular phases. Studies of the
mechanism of SRPT in the samples of dif-
ferent uniaxial anisotropy value have shown
that the mechanism of SRPT from axial to
angular phase does not depend on the value
of ratio between anisotropy constants.

4. Conclusion

It has been visually proved that in fer-
rite-garnet films the mechanism of hystere-
sis-free first-order SRPT from axial to an-
gular phase is through nucleation. A "new"”
phase nucleates from the boundary of the
original phase. There exists the temperature
range where axial and angular phases coex-
ist. The boundary between the phases is not
observed. The absence of boundary between
axial and angular phases is for a first time
explained by the representing a new phase
nucleus as a static soliton which growing in
size with changes in the ratio of anisotropy
constants. It has been shown experimentally
that the spin-reorientation phase transition
from axial to angular phase occurs in the
similar way in the films of different
uniaxial anisotropy value. The SRPT mecha-
nism does not depend on the value of ratio
between anisotropy constants.
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Cuin-nepeopienraniiaunii ¢pazoBuili mepexina
y depuT-TpAaHATOBUX ILIIIBKaX 3 Pi3HOI0 0CHOBOIO
aHi30TpOIi€I0

I0.0.Mamanyi, I0.A Ciprwok, O.B.Be3yc

Busueno mexaniam cmin-mepeopienraniiinoro dasosoro mepexoxy (CII®PII) y depur-rpa-
HaToBUX ILIiBKax. [ociaifsKeHO B3MiHY CTPYKTYPU JOMEHHMX MeEK HpHu (PasoBOMYy Iepexoji.
3anporoHoBaHi mMomeni moMeHHOI CTPYKTYpH, AKi BimmosimaioTe excrnepumenty. Ilokasano,
1o (dasoBuil mepexin IMIIAXOM 3apOIKOYTBOPeHHA y moMeHHiN mexi crmomyrae CII®PII I poxy
i3 ocnoBOi asu y xytoBy (asy. Mexaniam CII®PII He sanexuTh Big BeJIWUYUHU CHiBBiZHO-

HIeHHs Mi’XK KOHCTaHTaMHK aHis3oTpoirii.
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