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In uniaxial bilayer film of (YGdTm),(FeGa);0,,/(YEu)3(FeGa);0,, ferrite-garnet with
the upper layer compensation point 120 K, the domain structure behavior and the external
pulse field effect on the energy equality points of different domain structures has been
studied experimentally in the temperature range 300 to 90 K. A model has been proposed
that makes it possible to describe most precisely the observed domain structure reorgani-
zation as a function of the interlayer domain wall. Furthermore, the model can be used to
explain the spin-reorientation phase transition observed in the film at T = 142 K.

B ommoocuoii ABYyxXCO#HON mueHKe deppura-rpanara (YGATm),(FeGa);0,./(YEU);(FeGa);0,,
C TOYKOII KoMmIeHcanuu BepxHero ciaosa 120 K sKcrmepuMeHTAaIbHO HCCJIENOBAHO IIOBeIEeHUEe
momenHo# cTpyKTypbl ([C) m BIMAHWE BHENIHETO0 MMITYJLCHOTO IIOJII HA TOYKM PaBEHCTBA
sHepruii pasauuyHbix [C B TemmeparypHom wunTepBase 300-90 K. Ilpemno:xena mozeb,
MO3BOJIAIOIIAA HambojJiee TOUHO OTPAa3UTh Habuomaemylo mepectpoiiky IIC B 3aBucuMOCTH OT
THIIA JOMEHHOH TpaHWIBl MeXIy ciaosimMu. Kpome Toro, mamHas MOJeJIb II03BOJISIET O0'BsC-
HUTH CIIMH-TI€PEOPUEHTAIIMOHHBIN (ha30BBIA mepexo[, HAOGJIoAAIoNINiics B ILJIEHKe IIPU TeMIlepa-
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type T = 142 K.

In this work, presented are the visual
study results of inhomogeneous states in a
bilayer epitaxial ferrite-garnet film and the
domain structure (DS) behavior under ex-
ternal pulse magnetic field within the tem-
perature range 300 to 90 K. The experimen-
tal data made it possible to suggest that the
magnetization ratio of the film layers af-
fects the DS behavior as well as to develop
the models proposed in [1] and allowing to
explain the DS reorganization being ob-
served. Consideration of the models has al-
lowed to judge the layer interaction type
within the temperature range studied.

To study the layer interaction in mag-
netic films under assumption that it is just
the magnetostatic interaction that is of a
considerable importance, a film is required
where the total magnetization (M,) of one
layer depends heavily on temperature while
that of second layers is almost temperature-
independent. That is why a bilayer ferrite-
garnet film was studied grown by liquid
epitaxy technique on Gd-Ga garnet with in-
duced uniaxial anisotropy along the <111>
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axis perpendicular to the film surface. The
first layer of the film, (YGdTm);3(FeGa)s045,,
exhibits the compensation point near 120 K
while another layer, (YEu)3(FeGa)sO4,, has no
compensation point within the studied tem-
perature range. The characteristics of single-
layer "witness” films are presented in Table.

The studies were performed within the
temperature range 300 to 90 K using the
Faraday effect. The DS was formed by a sin-
gle-pole pulse magnetic field perpendicular to
the film surface, no bias field was used. The
pulse field parameters are as follows: ampli-
tude, 120 Oe; frequency, 400 Hz.

The DS behavior was studied under tem-
perature action on the film, and judging
from the DS view, the interlayer domain
wall (DW) type was determined as well as
its temperature-depending changes. The
layer interaction was taken into account by
introducing a 180° DW at the interface
where moments of iron sublattices are
turned. Here, four cases shown in Fig. 1
may be realized:
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Table. Characteristics of studied films at room temperature (k, the film thickness; 4nM,,

saturation magnetization; T, Neel temperature)

No. Composition h, um 4nM,, Gs Ty, K
(YGdTm),(FeGa);04, 3.30 410 443
2 (YEu),(FeGa);0,, 11.78 155 405
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Fig. 1. Schematic representation of DW

types: butt (1), transition butt (2), compensa-
tory (3), transition compensatory (4).

(I) A butt domain wall (BDW) existing in
the layer interface sections where the total
moments of the layers are defined by like
iron sublattices and the total magnetiza-
tions are antiparallel (Fig. 1a);

(IT) A transitional butt domain wall
(TBDW) existing in the layer interface sec-
tions where the total moments of the layers
are defined by unlike iron sublattices and
the total magnetizations are also antiparal-
lel (Fig. 1b);

(IIT) A compensatory domain wall (CDW)
existing in the layer interface sections
where the total moments of the layers are
defined by unlike iron sublattices and the
total magnetizations are parallel (Fig. 1c);

(IV) A transitional compensatory domain
wall (TCDW) existing in the layer interface
sections where the total moments of the layers
are defined by like iron sublattices and the
total magnetizations are also parallel (Fig. 1d).

In the course of cooling from 300 down
to 90 K, a complex reorganization of DS
takes place in the bilayer film. However, a
series of characteristics DS kinds with dif-
ferent types of the layer interface can be
distinguished that are realized within cer-
tain temperature intervals. These cases are
presented in Fig. 2. Basing on the experi-
mental data, the following models are pro-
posed for the corresponding DW [2], see
Fig. 3.

492

Fig. 2. Dependence of a parameter in CMD
lattice (1) and strip structure parameter P,
(2) on relative magnetization of the film lay-
ers under cooling.

In the 360 to 270 K temperature range,
at 2.6 <M,/M,<2.7, the DS is described
by the DS1 model, namely, the strip do-
mains of both layers with different periods
(Fig. 2) and TCDW and BDW (Fig. 2). As
the temperature falls, the domains in both
layers increase and at M;/M, = 2.6, the
strip domains of the layers become fused
together, so that continuous domains ap-
pear, i.e. DS1 transits into DS2, the TCDW
is kept. In the 260 to 215 K temperature
range, at 2.4 < M;/M, < 2.55, the continuous
strip domains of DS2 exist. At M;/M, = 2.3,
the DS2 is transformed into DS3 with a
normal interlayer CDW; along with strip
domains, cylindric magnetic domains
(CMD) are formed and then a hexagonal
CMD lattice; circular domains of d; = 8.7 um
and dy = 10.5 um appear, too (Fig. 2). In
the 190 to 155 K range corresponding to
1.6 <M,/M,<2.25, the DS3 is observed;
both strip domains and a CMD lattice are
formed (Fig. 2). At 155 K and M,/M, =
1.6, the DW become more sharp, the DS4
appears with TBDW between layers. At
142 K and M{/M4, = 1.25, the domain color
changes sharply from light orange to dark
brown. At the further temperature de-
crease, no strip domains are formed, there
is only the CMD lattice having brown color
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Fig. 8. DS models for bilayer film. M, total magnetization; M,;, M

sublattices.

and the domain become elliptic. The
1<M;/M;<1.6 range is the region where
DS4 exists. At 130 K and M;/My =1, the
first film layer goes to single-domain state,
strip domains of the initial orange color appear
in the second layer with a small period that are
observed as the film is cooled down to 90 K
(Fig. 2). This is the case of DS5 with normal
BDW (Fig. 2). It is to note, however, that no
DS color change took place at the film heating.

Fig. 3 presents schematically the DS
change process in the bilayer film. Near the
compensation temperature, the compromise
DS3 exists in both layers. In this case, both
DS are identical, the domain magnetization
direction is the same in both layers, no in-
terlayer butt wall appears, there is no ex-
change interaction, only the magnetostatic
one is present, the DW is a CDW. As the
temperature falls, the underlayer becomes
magnetized. As a result, the film must go
to DS4 state where a compromise DS exists
in both layers but with an interlayer
TBDW. The exchange interaction takes
place between the layers that is described by
introduction of a DW with the surface en-
ergy o, the DWs being parallel to the layer
interface [3]. Thus, due to the interaction
type change, the magnetization vector in
the underlayer domains becomes turned, re-
sulting in a color change of the domains and
the background. So, a spin reorientation
phase transition (SRPT) has been revealed
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Ds4

o> magnetization values of iron

caused by the change of the layer interac-
tion type in the film. This transition is
qualitatively different from known ones [4].

Let the models of Fig. 3 be considered
that make it possible to judge the effect of
a pulse field applied during the DS forma-
tion on the energy equality point of differ-
ent DS within the 300 to 90 K temperature
range in the absence of bias field. Basing on
theoretical models proposed in [1] for H p= 0,
the total magnetic energy per unit area of
the bilayer film is

(1)

where E,, is the intrinsic magnetostatic en-
ergy; Eg, the energy sum of side DW per-
pendicular to the layer interface in the first
and second layers; E_,, the interaction en-
ergy; Ep, the pulse field energy. The effect
of external pulse field was taken into ac-
count as the width change difference be-
tween adjacent domains oriented parallel
and antiparallel to the external pulse field.
The equilibrium values of the energy and pa-
rameters of the DS1 through DS5 models are
determined basing on the condition of minimal
corresponding total energy values. The mag-
netic parameters of the layers being preset, the
DS having the lowest energy is formed.

It is obvious that the DS reorganization
observed in experiment during the cooling i
due not only to the pulse field that forms

E=Ey+E;+E;Eg,
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the Ds but also to temperature dependences
of magnetization for the film layers. It is
known that the underlayer magnetization is
weakly temperature-dependent. To elucidate
the peculiarities of DS transitions observed
in experiment, let the equilibrium energy
values be found as a function of the
Mg;/M g5 ratio and the pulse field strength,
the other magnetic constants of the layers
being assumed to be constant and equal to
their values at room temperature.

The Epg; was minimized with respect
to d; and d, parameters (Fig. 3) where d
is the domain width in the upper layer,
and Epgs — Epgs were minimized to the Pgyq
parameter (Fig. 3) that is the period of the
strip structure in the underlayer. The mini-
mization was made for each Hp value using
numerical methods. The results are pre-
sented in Fig. 4. The curves constructed
show that as the pulse field rises, the en-
ergy equality points for corresponding DS
are shifted towards higher Mg,/Mg, val-
ues, i.e., towards higher temperatures as
compared to the case H, = 0. Furthermore,
it is seen that the existence range of con-
tinuous DS is rather narrow, no matter
what DW type is present therein, thus, both
at low and high temperatures, it is just a
non-compromise structure that is favorable.
The total energy decrease as H, rises can be
explained by the fact that the DS observed
in the film is not an equilibrium one, since
the upper layer is the single-domain one
and its magnetization influences the under-
layer DS, i.e., it generates an additional
magnetization in the underlayer [7]. The
calculation results reflect precisely enough
the main peculiarities of the observed DS
reorganization in the film within a wide
temperature range.

Thus, the study of a complex DS reor-
ganization in the bilayer film under cooling
made it possible to distinguish the charac-
teristic DS types being realized within cer-
tain temperature intervals. Considering the
film magnetization processes in the 300 to
90 K range, five temperature intervals can
be distinguished corresponding to different
layer interface types. The study of DS tran-
sition temperature as a function of the
pulse magnetic field strength has shown
that the energy equality points of different
DS types are shifted towards higher tem-
peratures as the field strength increases.
Furthermore, the existence range of com-
promise DS becomes narrower under these
circumstances. The magnetization process
of the bilayer film near the compensation
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Fig. 4. Energy of different DS as function of
magnetization ratio of film layers at differ-
ent pulse magnetic field strength (Oe): 0 (a),
60 (b), 120 (c).

point has been studied visually. A tempera-
ture-induced SRPT has been revealed. Con-
sideration of the DS models and layer inter-
faces made it possible to understand the
nature of that transition which is due to
exchange interaction between the layers.
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JloMeHHA CTPYKTypa ABONIAPOBUX MATHITHMX ILIiBOK
3 Pi3BHMMM XapaKTepUCTHKAMH HIapiB

0O.B.Besyc, I0.0.Mamanyi, I0.A.Ciproxk

B ommoocHit gBomaposiit mismi depury-rpamara (YGATm);(FeGa);0,,/(YEU);(FeGa)s04,
3 TOuKoi0 KomueHcallii Bepxuboro mapy 120 K ekcmepuMeHTaJbHO OOCIiIKE€HO IOBEIiHKY
IOMEHHOI CTPYKTYpPH Ta BIJIMB 30BHIITHBOT'O iMIIyJILCHOT'O IIOJI Ha TOYKH PiBHOCTI eHeprii
pisHHUX OOMEHHUX CTPYKTYp y TemieparypHomy inTepBasi 300-90 K. 3ampomoHoBaHO MO-
Iesib, sKa MO03BOJISIE HAMOiJIbII TOYHO BimoOpasuTu mepebyaoBY, IO CIIOCTEPiraeThcsi, B 3a-
JIeXKHOCTi Bif TuUIy MTOMEHHOI Me)ki MiK miapamu. Kpim Toro, mama Mozenb HO3BOJIAE MOSCHUTU
CITiH-TIepeopieHTaIiliHIY (pasoBUIl Iepexil, AKMUI CIIocTepiraeTbes y ILIBIN Ipu Temmeparypi T =
142 K.
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