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The spin-reorientation phase transitions (SRPT) in thin magnetic ferrite-garnet films of
mixed anisotropy have been studied. In a film with strong uniaxial anisotropy, a first
order SRPT from axial to angular phase occurs, the new angular phase being nucleated
from the old domain boundary. In a low anisotropy film, the nucleation occurs from one
angular phase to another with no boundary between new and old phases, no nuclei being
formed by domain magnetization vector rotation to a more energetically favorable state.
The SRPT in bilayer film with Ty in one of layers takes place due to combined action of
rare-earth sublattice magnetization and bias-field of another layer.

WccnemoBansl crnimH-miepeopueHTanuonusie dasosbie nepexonsl (CIIPII) B TOHKUX MarHuT-
HBIX ILIEHKaX (DEPPUTOB-IPAHATOB CO CMEIIAHHON aHm3oTponmeii. B mieHKe ¢ CHILHOII OLHO-
ocuoii anmsorponueii npoucxogur CII®II 1 poxa or oceBoii K yryioBoil (ase ¢ 3apOLbIIIE00-
pasoBaHmeM HOBOM (pasbl M3 CTAPOW MOMEHHOII rpaHuIilbl. PocT 3apoibliieil MPOUCXOIUT K3
yrioBoil (asel B APYryioo yrjioByio (asy 0e3 oOpasoBaHMs B3apOABIIIEH IIyTeM IIOBOPOTa
BEKTOpPA HAMardHM4YeHHOCTH B dHeprerudyeckKm 0Oojiee BBIMOJHOE COCTOSHHE. B IBYyCIOMHOM
IJIeHKe, uMemedl B ogHom wu3 cioeB Ty, nabaromaerca CII®II scaexcTBue CyMMapHOTO
neficTBUSI HAMArHNYEHHOCTH PeAKO3eMEeJbHON IIOAPeNIeTK M IIOJMArHUYNBAIOIIEro II0JIs
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Investigation of mixed-anisotropy effect
on the behavior of single-layer film domain
structure (DS) is a complex problem which
can be solved by using simultaneously ex-
perimental and theoretical approaches. In-
vestigation of DS behavior in bilayer films,
where the interlayer interaction should be
taken into account together with the mixed
anisotropy, is an even more complex prob-
lem which can be solved experimentally.

The SRPT were studied in [1-5]. In [1],
orientation transitions and the existence of
magnetic phases in cubic rare-earth ferro-
magnetic have been studied. In [2, 3], the
spin-reorientation phase transition (SRPT)
was observed in a labyrinth DS under tem-
perature change and recorded by a diffrac-
tion pattern from a regular DS. It has been
found that the magnetization reorientation
in domains results in a jump-like inecrease
of DS period. The SRPT from anisotropy of
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the "easy axis” type to the "easy plane”
type one showed no hysteresis, but it was
accompanied by coexistence of two phases in
the temperature range near 3 K.

The situation when SRPT temperature
and Ty are close to each other or coincide is
the most interesting one. In [4, 5], the DS
has been investigated in the temperature
range including the magnetic compensation
and spin reorientation regions, both in the
absence of any external magnetic field
(spontaneous transitions) and in magnetic
fields (induced transitions). In [5], it has
been determined during the DS studies that
for ErsFegO04,, the temperatures of the
first-order SRPT between phases with mag-
netization orientation along <111> and
<100> coincide with Tk. In [4], the DS was
studied by the magnetooptical Faraday ef-
fect, the phases being identified by the
color contrast method. It has been deter-
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Fig. 1. View of (TmBi);(FeGa);0,, film DS at 215 K (a), 172 K (b,c), 158 K (d).

mined that in the substituted erbium gar-
net, the ranges of magnetic compensation
and spin reorientation are overlapped.

This paper deals with a study of the
SRPT mechanism in single-layer films of
different uniaxial anisotropy values and in
a bilayer film with Ty in one of the layers.
The objects of investigation were films with
the developed <111> plane grown by the
liquid-phase epitaxy method on gadolinium-
gallium garnet. The DS was studied by the
method applied by us in [6].

SRPT in a film with high uniaxial an-
isotropy. The SRPT was observed with T
variation in bubble lattice in
(TmBi)3(FeGa)s0, film with magnetic com-
pensation temperature of 120 K. In [6], the
experiment was described in detail. The
bubble lattice has been formed at 215 K by
a pulsed magnetic field normal to the film
plane. Two axial phases ®; and ®, with
MI\LTMz were obtained: orange bubbles
against brown background. At 185 K, there
occurred areas of other colors were ap-
peared: white on the bubble and green on
the background, i.e. two angular phases &g
and ®, were obtained. In Fig. 1, it is seen
that some sections of domain boundaries
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(DB) became broadened with an angular
phase nearby. It should be noted that there
was no boundary between angular and axial
phases. The axial-to-angular phase transi-
tion took place in the 185-160 K range. At
160 K, only an angular phase was observed
(white bubbles against green background).
At 172 K, the areas occupied by axial and
angular phases were equal to each other. At
the same temperature, the bubble diameter
and DB width were increased jump-like. The
bubble lattice was changed, too. The ther-
modynamically equilibrium bubble lattice is
characterized by the packing parameter y =
d/a, where d is the bubble diameter; a, lat-
tice constant [7]. At 172 K, the lattice
packing parameter was changed from 0.74
to 0.45. Thus, it has been shown experimen-
tally that at 172 K, a hysteresis-free first-
order SRPT from axial to angular phase
occurred.

Theoretical investigation of DB structure
has shown that the first-order SRPT pro-
ceeded by the "new”™ phase nucleation
within the domain boundaries of the "old”
phase; in a certain temperature range, it
was accompanied by redistribution of the
phase volumes. The absence of DB between
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Fig. 2. View of (YBi);(FeGa)s0,, film DS at 173 K (a), 176 K (b), 178 K (c).

domains of new and old phases has been
proved to be possible [8].

SRPT in a film of low uniaxial anisot-
ropy. A film of the (YBi)3(FeGa)sO4, compo-
sition with the magnetic compensation point
at 212 K was investigated. The DS was ob-
served under variation of the film tempera-
ture T. Experimental investigations are de-
scribed in detail in [9]. The bubble lattice
could be formed only at T=370 K. At
T<370 K, only the angular domain struc-
ture existed. Yellow and green domains
were observed having branches directed
along the three axes, being the <111> pro-
jections onto the film plane. As the tem-
perature approached Tk, the branches were
disappeared and the domain shape was
changed. At 176 K there was an interesting
color change was observed. The green do-
mains took yellow color of the surrounding
field. On a continuous yellow field, only a
broad brown DB was seen. Next, the yellow
domains became green. During the film
heating, the process of color change was
repeated in reverse order (Fig. 2). Thus, in
the 178-173 K temperature range, a hys-
teresis-free SRPT from one angular phase
to another took place. As the DS was peri-
odically affected by magnetic field, the
SRPT was displaced to a lower T and turned
out to be irreversible.

Theoretical investigations of DB in the
film with angular DS have shown the SRPT
to be a second order one. DB of two types
and transformation of one DB type into an-
other have been observed visually. The DB
types change was occurred by M rotation in
one of the domains in the absence of DS
rearrangement and nucleation. The DB type
was that of the minimal energy for a given
T [10].
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SRPT in a bilayer film. Investigated was
a film with layer 1 of (YGdTm)s;(FeGa)504,
composition and Tk near 120 K, layer 2
being (YEu);(FeGa);04, having no Tg in the
temperature range under investigation. The
equilibrium DS in the bilayer film and in
single-layer "witness” films was studied ex-
perimentally at T variation, for details, see
[11]. At 300 K, two types of strip DS (SDS)
of different periods (Fig. 3a) were observed
in the bilayer film. At T,, a through SDS
has occurred. As layer 1 temperature ap-
proached T, the pulsed field induced bub-
bles and then the bubble lattice. At Tgppyp,
the DS color has changed suddenly from
orange to dark-brown. The bubbles took the
form of ellipse. When the temperature of
layer 1 approached Tg, the DS became sub-
divided into monodomain state in layer 1
and orange-colored SDS in layer 2.

At 300 K, in strip domains of the two
layers, the saturation magnetization vectors
are antiparallel (MI\LTMz) (Fig. 3a). Since
M, >My(Fig. 3b), then as T decreases, the
biasing field of layer 1 forced M, of layer 2
to turn in parallel to M; of layer 1. The
domains have Dbecome through with
MITTMZ. In this temperature range such a
structure is energetically favorable [12].
Here, the magnetostatic interaction between
the layers should be taken into account
only, because in bilayer films, the exchange
interactions is minimum if the iron sublat-
tices in the layers are parallel [13]. At T,,
there was a jump of SDS magnetostatic
pressure (Fig. 8b) which was calculated by
using experimental data [11]. This implies
that a phase transition occurred in DS,
since M, was turned by 180 degrees. At

TSPRT’ Mlez (Flg. 3b). In this tempera-
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Fig. 3. Temperature dependences for

(YGdTm),(FeGa);0,,/(YEuU);(FeGa)sO,, film:
of stripe structure period (a); of saturation
magnetization and magnetostatic pressure,
respectively; 1,2 — first layer; 3,4 — second
layer; 5,6 — pressure of through DS (b).

ture range, there exists the magnetization
of the rare-earth sublattice of layer 1, and
MR»LTMI of the iron sublattice. The total
action of Mp of layer 1 and bias field of
layer 2 results in M, rotation from axial
phase to angular one (Fig. 3a) and the DS
changes its color. In the film, the SRPT
takes place. The transition could not be
caused only by the rare-earth sublattice in
the absence of bias field. This is confirmed
by the absence of SRPT in the
(YGdTm)3(FeGa)5012 "WitneSS" film. At TK
of film 1, M, takes the orientation which
existed at 300 K, i.e. favorable for layer 2.
At a distance from T (heating), M, orien-
tation becomes parallel to M, (M;{{M,)
while MgTIM,. No SRPT is observed. This
is one more confirmation of the fact that
the action of the rare-earth sublattice is in-
sufficient to rotate the wvector of iron
sublattice magnetization.

Thus, in the three films studied, the
SRPT is observed near Tg. In single-layer
films differing in the value of uniaxial an-
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isotropy, both SRPT are hysteresis-free. In
the film of high uniaxial anisotropy, the
SRPT occurs from the axial phase to the
angular one. This is a first order SRPT. The
coexistence region of axial and angular
phases is 25 K wide. The angular phase nu-
cleates from the 180-degree domain bound-
ary. There is no boundary between axial and
angular phases. In the film of low uniaxial
anisotropy, the SRPT occurs from one angu-
lar phase to another angular one. This is a
second-order SRPT. It occurs in the absence
of nucleation process by rotating M of the
whole domain to a more energetically favor-
able state. Under a field, the SRPT is dis-
placed to lower T and becomes irreversible.
The role of DB in the first- and second-
order phase transitions is different. In the
first case, the DB acts as the origin of the
new phase domains. In the second case, the
DB rearranges to attain the minimum en-
ergy. In one of the domains, M rotates.
Thus, the DB effects the DS rearrangement
very much. In the bilayer film with Tg in
one of the layers close to T, a combined
total action of rare-earth sublattice mag-
netization and of biasing field of another
layer is observed. When T is approached
(cooling), the angular phase originates and
the SRPT occurs. At a distance from T
(heating), no SRPT is observed. The SRPT
was also absent in single-layer "witness”
films. Hence, the action of the rare-earth
sublattice only is insufficient to rotate the
magnetization vector. The investigations
have shown that different mechanisms of
magnetization vector rotation correspond to
the SRPT in the films.
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Cuin-nepeopienTaniini (pa3oBi nmepexoau y TOHKMX
MATHITHHX ILIIBKaxX 3 Pi3HOI0 aHi30TPOIIi€I0

O.B.Be3yc, 10.0.Mamanyi, I0.A.Ciprok

HocaimkeHo coin-mepeopieHToBaHi (hasosi mepexogu (CIIPII) y ToHKUX mIiBKax (epuris-
rpaHaTiB 3i 8mimaHo0 aHizoTpomiero. ¥ IIiBIi 3 CHJIBHOIO OLHOBiCHOIO aHizoTpoImieio Bixby-
BaeTbca CIIDII mepuroro pony Bix BickoBoi o0 KyTOBOI (pasm 3 3apoJKOYTBOPEHHSAM HOBOI
(asu i3 crapoi gomennoi mesxi. Pict sapoakiB BimOyBaeThca 0e3 yTBOpPEHHS MeKi MisK HOBOIO
Ta crapoio ¢asamu. ¥ miiBii 3 majnor aHizorpomieio CII®II BigdyBaerhcda i3 KyToBOI (hasu B
IPYTY KyToBY (hasy 6e3 yTBOPEHHS 3apOAKiB HIJAXOM IIOBOPOTY BEKTOpa HaMarHiueHOCTi y
eHepreTUYHO OinbIn BUrigHUI cTaH. ¥ ABOmAapoBi#l miiBmi, mo mMae B ofHOMY 3 mapis T,
cuoctepiraerbeg CIIDII BHacuimok cymapHoi il Hamaraiuenocrti pizkicHosemesbHOT
OiArpaTKy Ta ODiAMarHiuyyodoro IoJsd APYyroro miapy.

222 Functional materials, 15, 2, 2008



