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Peculiarities of the disordered bubble structures under temperature or magnetic field
change have been studied. The experimental results are interpreted with in the concept of
magnetistatic pressure. It is shown that the "memory effect” and the temperature range
of stability depend on the degree of domain structure disorder and on structure of domain

boundaries.

HNsyuensr ocobennocTu HeymopsamoueHHBIX [IM]l-cTpyKTyp Ipu M3MEHEHHM TeMIIepaTypbl
WOV MArHuTHOTO moJsd. IIpu 00BbSCHEHHU 9KCIEePHMEHTAJIbHBIX PEe3yJbTATOB HCIIOJIb3yeTCs
KOHIENIMA MATHUTOCTATHYECKOrO AABJICHHUS. IIoKasaHO, uTo  o(PPEeKT IIaMaTy U TeMIepa-
TYPHBIH MHTEPBAJ YCTOMYMBOCTH 3aBUCSAT OT CTEIIEHU HEYIIOPSIOUYEHHOCTU TOMEHHOU CTPYK-

TYPbl ¥ CTPYKTYPHI LOMEHHBLIX I'DAHUIIL.

1. Introduction

In ferrite-garnet films there is a large
variety of domain structures (DS) which can
be subdivided into ordered and disordered
DS. In the ordered DS, the domains are ar-
ranged in the long-range order. This class
includes the hexagonal bubble-domain lat-
tice (BDL), the honeycomb domain structure
(HDs), the stripe DS, the hexagonal lattice
of spiral domains, etc.

The disordered domain structure is a
very large class of DS. In the disordered
DS, the long-range order of domain ar-
rangement fails. Depending on the degree of
disorder the domain structure can be subdi-
vided into three types: cluster, amorphous
and cellular ones. The cluster BD structure
is a structure consisting of a large of BDL
blocks disoriented with each other or sepa-
rated by stripes. There is no a clear-cut
distinction between cluster and amorphous
DS. If in a cluster the number of particles
decreases to one, it transforms into amor-
phous structure. The amorphous structure
consists of bubbles of different diameters,
they are chaotically arranged in the film.
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The both structures are nonequilibrium
with respect to concentration and defect dis-
tribution.

The paper describes the experimental
study of disordered DS behavior and its do-
main boundaries (DB) under temperature
(T) or magnetic field (H) change.

2. Results

The films of developed surface <111>
were studied. Film No.l1, composition
(TmBi)3(FeGa)504, (the Neel temperature
Ty =437 K, the temperature of magnetic
compensation Ty = 120 K, saturation mag-
netization under the room-temperature con-
ditions 4nMg = 175 Gs); film No.2 compo-
sition (YSmLuCa);(FeGe)s04, (Ty = 471 K,
4nM g = 258 Gs). The domain structure was
observed using the Faraday effect.

The experimental results are interpreted
written the concept of magnetostatic field.
The concept of the magnetostatic pressure
of the bubble lattice was first introduced in
[1], where bubbles are considered as parti-
cles of equal magnetic charge and located in
the magnetic medium of opposite charge.
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The repulsion forces are operating between
the particles. Due to central forces of inter-
action there is bubble lattice. Just central
forces of interaction between the bubbles
that create the magnetostatic pressure of
the lattice.

2.1. Effect of temperature on DS be-

havior

Fig. 1 represents the temperature de-
pendences of magnetic characteristics of
film No.l. Let us compare the temperature
behavior of regular BDL, cluster and amor-
phous DS. The hole of the domain struc-
tures were formed at T = 300 K. The BDL
was formed by the pulsed magnetic field
normal to film plane (Fig. 2a). During T
change the BDL was conserved in the inter-
val AT. At the both ends of the interval, in
the BDL the first-order phase transitions
(PT) took place (Fig. 1) [2]. The PT at T,
and T, have resulted in a disordered DS
(Fig. 2b,c) which can also be treated as clus-
ter one. With further changes in T, both at
cooling and heating, the number of bubbles
in clusters decreased, the degree of DS dis-
order became higher (Fig. 2d). Note that the
number of bubbles was decreasing gradually
in small jumps, as opposed to PT in BDL.

The amorphous DS was formed by con-
stant magnetic field applied in parallel to
film surface (Fig. 2e). when after switching
the planar field off the film was influenced
by a variable bias field, the bubble diame-
ters became equal and there originated the
cluster structure with slightly disordered
BDL blocks and noticeable joints between
the same (Fig. 2f). At the joints, the distur-
bance in the order of bubble distribution in
the hexagonal lattice several defects were
observed. The bias field was turned off.
During T increase the cluster domain struec-
ture preserved to Ty = 370 K, that is AT of
the cluster DS is 30 degree higher than that
of BDL. This is because the bubbles located
near the isolated defect of BDL and the bub-
bles of cluster structure at joints between
the blocks will be expanding faster than the
rest ones because they are less influenced by
the magnetostatic pressure. In the hexago-
nal BDL, the anisotropy of pressure results
in transformation of the expanding bubbles
into stripes and nucleation of a new phase.
In the cluster DS, the pressure is to a high
degree isotopic and the bubbles expand isot-
ropically, so the transformation of bubbles
into stripes is troublesome. In [3], the dif-
ference of temperatures for collapses of
cluster and hexagonal bubble structures has
been theoretically determined.
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Fig. 1. Temperature dependences of film
No.1l: I — saturation magnetization, 2 —

characteristic length, 3 — lattice parameters.

The evaluation of AT done according to
[4] has resulted in AT = 50 K. Thus, the
temperature of the cluster bubble structure
collapse should be higher than that for BDL
collapse.

Under film cooling the process was oppo-
site: the stripe length gradually decreased
and at T = 300 K they contrasted into bub-
bles, i.e. the initial cluster structure has
restores (the memory effect). Thus, in con-
trast to PT in BDL characterized by the
temperature hysteresis, the temperature
changes in cluster DS are reversible. This is
because the temperature of first-order PT is
close to the Neel temperature. In this tem-
perature range, the pressure in cluster DS
stops increasing, then follows pressure de-
crease and any transition similar to the ir-
reversible PT in BDL is impossible.

Under heating, the amorphous bubble
structure was preserved nearly to T, and
vanished near this temperature. In such a
way, the amorphous bubble structure pos-
sesses the maximum temperature stability.
This is explained by the fact in the amor-
phous structure, the pressure is more iso-
tropic than in cluster one, so the stripes
can’t appear in this structure during T.
Even the nuclei of stripes appeared, their
size would be undercritical and inadequate
for that T [5].

From the analysis of experimental re-
sults it follows that the higher DS is disor-
dered, the larger its entropy and the higher
temperature stability if possesses. It has
been shown in [4] that even in the regular
BDL with a small number of defects the
entropy increases with T change and, as a
result, the ordered structure transforms
into disordered one. Thus, in the vicinity
Ty and Tk, there should be a temperature
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Fig. 2. Domain structure types for film No.1.

range where the BDL structure can’t be
formed since it will be in the amorphous
state. Moreover, the formation conditions
affect not only the properties of bubble
structures but their domain boundaries. In
the regular BDL formed by the pulsed mag-
netic field there are rigid and dumb-bell
like domains, and domain boundaries of
bubbles possesses high energy. These are
thin 180-degree Bloch boundaries. In the
cluster and all the more in the amorphous
DS the rigid domains are absent and the
bubble domains are not very clear, their en-
ergy is lower and are less stable.

2.2. Magnetic field effect on DS behavior
Disordered DS can be formed as a result
of magnetic field-induced PT in BDL. In the
film of composition (YSmLuCa);(FeGe)504,,
when the BDL was influenced by H > 0
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(H antiparallel to magnetization M inside
the bubble domain) the bubble diameter was
decreasing and the period left constant.
When H was equal to the collapse field (H)
of BDL, every central bubble domain of the
hexagonal packing disappeared, i.e. there
was the first-order phase transition in the
BDL. The disordered bubble domain struc-
ture, which has resulted from the PT, ex-
isted only for H. Its pressure is very low
[6] that’s why in the structure there ap-
peared nuclei of stripes. After H decrease
to zero a new disordered DS consisting of
BD and stripes has originated. When H was
for the second time increased to the field of
BDL collapse, the stripes disappeared and
the initial disordered BD-structure has re-
stored. Under slow variation of H within

0 < H < Hg it was possible to realize transi-
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Fig. 3. H-T diagram of film Ne2: I — fields
of the bubble collapse; 2 — fields of transi-
tion to monodomain state; 3,5 — fields of
BDL, and BDL, collapse; 4,6 — fields of hon-
eycomb DS1 and DS2 burst; 7,8 — Tpr for
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tion from one disordered DS to another, i.e.
the disordered DS was reversible (possesses
the memory effect) [7].

Interesting disordered DS were obtained
from the honeycomb structure [8, 9]. The
ordered honeycomb structure of two types
was formed from BDL of two types. The
both BDL were formed by pulsed magnetic
field: the BDL; in the absence of bias field
with subsequent H effect, BDL, — in the
presence of H. Then the BDL were influ-
enced by field H <0 (H is parallel to H
inside the bubble). The bubble diameter was
increasing, the period remained constant.
The bubble took the form of a hexagon in
BDL — at 20 Oe, in BDL, — at 45 Oe. The
resulting HDS; and HDS, (Fig. 4d) had dif-
ferent temperature intervals of stability and
different values of the field of honeycomb
structure burst (Hp) [8, 9] (Fig. 3). Under
subsequent H growth, the domain size was
increasing and for Hg; = —105 Oe the CDS;
"burst”, i.e. there was the first-order PT in
HDS; [8]. The disordered cellular DS; (Fig. 4c)
resulted from the PT was in the form of

Fig. 4. All types of domain structures of film No.2.
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irregularly located five and seven-petal
"flowers”. In each "flower™ the central do-
main was small and round, the petals —
large domains in the form of irregular poly-
gon. When the cellular DS; was influenced
by the pulsed magnetic field a new disor-
dered structure appeared. It consisted of
large domains in the form of prolonged
hexagons resembling nets (Fig. 4d). Interdo-
main boundaries are stripes with magnetiza-
tion antiparallel to M inside the domains.
This is a very stable DS. Under the action
of pulsed field, with H < —-120 QOe, it was
moving like nets against the wind but re-
mained preserved. For H = -120 Oe and
under the pulsed field this DS disappeared,
instead there originated the BDL of low
density of packing with the bubbles of oppo-
site polarity (Fig. 4e). In such a way, a new
BDL has formed from the stripes separating
net cells. In this DS there was many dumb-
bell like domains.

The "burst” of HDS, took place for Hp, =
—70 Oe, i.e. |[Hgy < |Hpg,| (Fig. 8). In HDS,,
the first-order PT has resulted in cellular
HDS,. This disordered DS, also was in the
form of five-petal "flowers” interspersed
with the seven-petal ones (Fig. 4f).

The disordered DS formed due to mag-
netic field-induced PT in HDS; and HDS,
did not possess the memory effect though
each DS was highly enough disordered. This
is because the domain boundaries of the DS
possess high energy because the initial
structures were formed by the pulsed field.

At T =300 K, the cellular DS was
formed from the amorphous DS for H < 0.
Then T of the film was increased. In con-

trast to HDS; and HDS,, the cellular DS
preserved to Tp. Such DS, possibly, satis-
fies the requirements necessary for the
character of transition reversibility during
H change since the structure is highly dis-
ordered and the energy of DB is low.

3. Conclusion

Analyzing the obtained results we can
conclude the following. The higher the de-
gree of disorder, i.e. the higher DS entropy,
the higher its stability during temperature
or magnetic field change. This refers the
domain boundaries as well. The lower the
external influence (in particular by the
pulsed field), the more probable the revers-
ibility for DS transitions, i.e. the "memory
effect” is present.
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Ocob6auBocti IIM/I-cTpyKTYp
y (pepHT-TpPAaHATOBHX ILIiBKAX

I0.0.Mamanyit, 10.A.Ciprok, B.B.Cmipros

BuBueno ocobamBocti HeymopagkoBanmx IIMII-ctpykTyp mpu 3Mmini Temmepatypu abo
maraiTHoro mnosas. IIpm moscHeHHI eKCIIEPUMEHTAJNLHUX Pe3yJbTATIB BUKOPHUCTAHO KOHIIEN-
miro MarmiTocTaTHuHoro THCKY. Ilokasamo, Mo edeKT mam’ATi” i TeMmepaTypHUN iHTepBas
CTIMKOCTI 3aneskaTh Biff CTyneHs HeYIOPAAKOBAHOCTI TOMeHHOI CTPYKTYPHU i CTPYKTYPH [JO-

MEHHUX MEJXK.
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