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Magnetization reorientation in ferrimagnetic Gd,; §~e54C0;3 5/Dy,gFe5;C0;, double layers
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We present experimental results on magnetization reversal for double¢fagéeCo/DyFeCpmagneto-
optical films. The structure of interest consists of a 40 nm DyFeCo layer with perpendicular magnetization and
a 50 nm layer of GdFeCo with in-plane magnetization. A transition from in-plane to perpendicular orientation
of the magnetization in GdFeCo film caused by the effect of exchange interaction with DyFeCo has been
observed in just a small temperature range. For higher temperatures, the exchange effect becomes smaller and
GdFeCo magnetization returns back to in-plane orientation. On the basis of a micromagnetic model, we predict
a change in orientation of GdFeCo magnetization from in-plane to perpendicular when it is coupled to DyFeCo
film in a certain temperature range. This transition is sensitive to the magnetic properties of each layer that are
dependent on temperature and on the values of compensation and Curie temperatures of both GdFeCo and
DyFeCo films.[S0163-182€08)05314-4

I. INTRODUCTION Films of GdFeCo/DyFeCo were rf sputtered in an argon
environment onto Corning glass substrates and coated
Amorphous rare-earth transition-metdRE TM) alloys  against corrosion with 10 nm of i, overlayer. The mag-
have been considered the more important candidates fdetic hysteresis curves of monolayers and bilayers were mea-
magneto-optical(MO) storage technology. The magnetic sured by MO Faraday rotation under a magnetic field up to
multilayers of such alloys are the subject of strong interesii8 kOe. The saturation magnetization was measured at am-
with the possibility to increase the data transfer Yater to  bient temperaturd ., with vibrating sample magnetometer
achieve high storage density by magnetic super-resolutioand calculated by mean-field thedty'® from T, to the
methods(MSR).3~7 The MSR is a thermomagnetic effect Curie temperatures of film 1T¢;) and film 2 (Tc,).
based on a local optical aperture thermally induced in a pla- The compositions of the MO layers were analyzed by
nar magnetic layer by the laser spot during the readout preelectron probe microanalysis. The compositions of the two
cess. films were adjusted in order to obtain film 1 and film 2 rich
More recently, Murakanét al® have proposed a new type in Gd and Dy, respectively. It means that their compensation
of MSR consisting of two layers, one with in-plane magne-temperature§Tp; andTcp,) are both greater thah,,,and
tization (readout layer and the other with perpendicular so their intrinsic MO hysteresis loops are inverted because in
magnetization(memory layey. Those systems are called the range of composition we have ud@tbout 70 at. % TM
“mixed” exchange coupled double laye(ECDL's). Faraday rotatiorfFR) is caused mainly by the TM sublattice
Nishimura and co-workefshave worked with the same magnetizatiort**®
MO double layer and conclude that it is difficult to achieve a

transition from in-plane to perpendicular magnetization in Il. MAGNETIZATION PROCESS
readout layer without an initializing layer inserted between _ o
film 1 and film 2. We study a magnetic double layer, where the easy axis is

In this paper we use MO measurements to Study the prdn-plane in film 1, GdFeCo, while it is perpendicular to the
cesses of magnetization reversal in a double layer of film Plane in film 2, DyFeCo. The angular orientati#z) of
(GdFeC9 and film 2(DyFeCq. We investigate the influence magnetization in this double-layer system is assumed to vary
of both the composition and thickness of film 1 on the mag-Spatially only along thez coordinate running through the
netization profile of the two films. It shows that the magne-film thickness. The anglé(z) of the magnetization from the
tization of GdFeCo rotates from in plane to perpendicular tox axis (Fig. 1) has been supposed equal#¢? to simplify
the film orientation in a special temperature range that dethe total energy density that is given'fy’
pends both on double-layer composition and thickness. Some
of the bilayers studied in a previous w8rshow a transition _ ftl
from ferromagnetic to antiferromagnetic coupling of the lay-
ers. In this study, we present a bilayer system that undergoes
a transition from being a mixed systenin plane/ 0 de
perpendiculdrto being a perpendicular system. +f Az dz

To explain this unusual result we use a micromagnetic
model to calculate the angular orientati@fz) of the in-  whereA;,, M;,, K;,, andt, , are the exchange constant,
plane film at different positiorz. We find thatd(z) is very  the saturation magnetization, the effective anisotropy energy,
sensitive to the magnetic parameters of the two layers, whichnd the thickness in the planar film 1 and perpendicular film
in turn depend strongly on the temperature. 2, respectively. The effective anisotrofy , corresponds to

dz

de\? _
A1l 43 —K, sir? 6+M;H cos 6
2

+K, sir? 6+ M,H cosd|dz, (1)

_tZ
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FIG. 1. Geometry of two magnetooptical layers with in-plane =
and perpendicular anisotropies. =z
the intrinsic uniaxial anisotropyK ;<0 in film 1 andKy,
>0 in film 2) corrected by the demagnetizing contribution
2mM,.2 The values oK, andK, are positive. 95 °C
125 °C N
IIl. MAGNETIC PROPERTIES OF Gd 5;4€5¢C0135 150 °C js—'
AND Dy ,gFesC0o1o :

Gd,(FeCo), _ are ferrimagnetic amorphous alloys with a  FIG. 2. Experimental hysteresis curves at various temperatures
compensation temperatulig.p; and Curie temperatur€z;  for Gd,; F654C0;3 5 (500 A)/Dy,gFes,Co;, (400 A).
steeply dependent on the concentrafibi® We have pre-

pared a 50 nm-thick layer of GgdeqCoiss in the same 1) near its compensation temperatdFep,, and the effect
deposition conditions as the exchange coupled double layegayused by film 1 to film 2 that is observed experimentally
By MO Faraday rotation we measure its compensation angetween 85 °C and 88 °C by a relatively slow reversal pro-
Curie temperatures which are 190 °C and 320 °C, respeess of film 2 magnetization and a beginning of the reorien-
tively. The saturation magnetizatiovi, of film 1 was mea- tation of film 1 magnetization out plane as shown schemati-
sured by a vibrating sample magnetometer at room temperga|ly by a hysteresis loop with small remanence.

ture and is equal to 180 emu/ém The curves observed at moderate tempergfuoen 90 °C

A 40 nm-thick Dy,gFesoCo;, amorphous alloy exhibits a to 95 °Q) in Fig. 2, show an unusual situation with three

uniaxial anisotropy in a direction perpendicular to the planenysteresis loops, two of which are similar and symmetric

of sample. The hysteresis curves measured by MO Faradayhout theH=0 axis. Similar results have been observed by
rotation show an inversion of sign @t p, equal to 70 °C. Its

Curie temperaturd -, is 170 °C and its saturation magneti-
zation at room temperatuid , is equal to 30 emu/cfn

In Fig. 2, experimental FR hysteresis curves of ;
Gd,y; F6,4C0.53 5/Dy,gFe50C0;, bilayer are represented for .. enrlae > - i A >
various sample temperatures. This method utilizes the MOim,e:ed,oop ; H
effects to sense especially the TM moments of both film 1 : :
and film 2 as a function of the applied field that is perpen-

A FR (arb. units) AR (arb. units)

dicular to sample plane. The film 2 with easy axis perpen- .
dicular to the sample plane, switchesHat, but M, rotates _,_T,cng.am.b.. et e - @ Y. SR x_H3@>
coherently up to saturation fielHs,, The fieldsHg, and  invertedloop |: [,_9:] H H

Hc, are the saturation and coercive fields of film 1 and film
2, respectively in the exchange coupled double layer system;
that means we have to take into account the exchange inter- ()
action between the laye?s! This situation observed at room
temperature occurs until 75 °C whéthy; andH¢, have the
same magnitude and another kind of hysteresis curves ap:
pears. From 25 °C to 88 °C we obtain a simple situation that
has been evoked in part of a previous work.

Figure 3 shows representations of hysteresis loops that
have been observed experimentally frdig,,to 88 °C. The
increase oH ¢, with temperature is due to the increase of the  FIG. 3. Magnetization process proposed for the bilayers with
coercive field of film 2(with no exchange coupling with film mixed anisotropies, fof =25 °C (a) and T between 75 and 88 °C.

~== Fe,Co Moments

a) H;>H,
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other authors in perpendicular/perpendicular exchange- rig. 6. Calculated profile of magnetization direction at various

coupled bilayer systemt$-%° To explain this phenomenon, temperatures for G §e5Coy3 5 (500 A)/Dy,gFesCor, (400 A).
we begin first by a decomposition of this hysteresis loop in

two parts as is sketched in Fig. 4. This is the only possibl
combination that can give us a description of this case oeg
loops. As it has been described by Kobayashal,!® the

two similar and small hysteresis loops represent a reversg

process of just one layéfilm 1 in our cas¢ and are shifted o o .

" X L ) plied field (which is fixed at zerbbecome variable because
f:gm g_c? at)r(mls bt);]thehexghangﬁ b|ast f'tdwok d_u;a to film 2t th of their great dependence on temperature. Figure 5 shows
(Fig. 2). On the other hand, we have to take into accoun %ependencies on temperature of saturation magnetizations in

mutual exchange interaction that begins at the interface anmmS 1 and 2(M, andM,). The uniaxial anisotropiek
propagates in film 2 depending on the characteristic of the Ky, of botlh Iayerg are determined from theUlpair

. 21 . .
two films<* The amplitude of the MO signal of the small modet®13 and the exchange stiffnessés and A, depen-

hysteresis loop is equal to twiee,, the remnant FR of film dencies on temperature are determined by mean-field theory

1, as shown in Fig. 2T=90°C). It is clear thatd, is -
higher for temperature 90 °C than for 92 °C, so the perpengggsig‘g,n'—'elsenberg model of the exchange energy

imular CgaraCte;'St'tc of fI|II;n :If.m_sensnll(vg t?hthteﬂt]errt\pera_'iyre. In Fig. 6, we show the magnetization distribution from the
second important resu't of this Work 1S that the transitiony, .\ "of fim 2 to the surface of film 1 at three different

from in plane to perpendicular orientation of film 1 induced temperatures. FoT =50 °C and 100 °C, the in-plane and

bmya tzgtize;{?gr?'}ﬁs{cg ugég?rs'r.'irtam'oan ng:igwp?érr’ﬁngr';ﬂ?éperpendicular characteristics are slightly modified in films 1
Y Ju; . P and 2, respectively. But at 80 °C the magnetization of each
range. We note that the transition from in plane to perpen:

. . C : : : ; film is nearly perpendicular. In another step, we have calcu-
dicular orientation in GdFeCoo film 1 |s°eV|dent in the tem- lated the mean values of anghz) in films 1 and 2 that are
perature range between 75 °C and 88 °C.

really measured in FR geometry and so to be compared with
IV. THEORETICAL PREDICTION OF MAGNETIZATION experimental FR measurements. In Fig. 7, we represent the
TRANSITION mean values of the magnetization projection in film 1, the
experimental values have been measured from FR hysteresis
The temperature dependencies of the magnetic parameters
Mi,, K1, andAg,in films 1 and 2, respectively, are cal- 1.0

ulated by mean-field theory. In a previous wdrwe have
etermined numericallyy(z) by changing just one of the
agnetic parameters and supposing all the others to be con-
ant. In this study all parameters except the magnetic ap-
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FIG. 5. Calculated saturation magnetization versus temperature
for Gdy7 F6,4C0,3 5 and DygFe;Co;, monolayer films calculated FIG. 7. Temperature dependence of in-plane component of mag-
from mean-field theory. netization in ECDL structure.
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FIG. 8. Representative MO hysteresis for bilayer and corre- 25&:0‘____/"m

sponding in-plane and perpendicular magnetization single lalyer (

=95°C). FIG. 9. Experimental hysteresis curves at various temperatures
for Gdy; F€54C0135 (350 A)/Dy,gFes0Coy, (400 A).

loops at remanence, normalized after substrate FR of

DyFeCo from bilayers one. We establish that temperatur@am in the second one. Consequently, the transition from in-

range AT predicted by micromagnetic model slightly dis- plane to perpendicular orientation of the GdFeCo magnetiza-

placed from experimental temperature range. In this modeion appears at room temperature and occurs at about 15 °C.

we have not taken into account diffusion between the twoNe note that at 25 °C, the FR at no external fiéldma-

MO layers. On the other hand, perpendicular magnetizatiomence is essentially zero. This and other confirmation for the

of film 2 has been deposited with optimal composition; i.e.,reorientation of the magnetization of GdFeCo from in plane

the film has high perpendicular anisotropy and a compensae out plane by exchange coupling with DyFeCo; i.e., in this

tion temperature not far frort,,,. Consequently, a small case the sublattice magnetization of Fe and Co in the two

variation of its thickness causes a change of its intrinsic maglayers are equal in magnitude and opposite in directamre

netic propertie$>?4 In micromagnetic model it is preferred film is rich in TM and the other is rich in RE

to add an interfacial energy term due to the formation of a

few atomic layers between GdFeCo and DyFeCo, as was

used by Smith and Caff.

At higher temperature@nore than 95 °; we again find a A transition from in-plane to perpendicular magnetization
simple hysteresis loops characteristic of two exchangeef the GdFeCo layer occurs in a temperature range as a result
coupled magnetic layers with in-plane and perpendiculaof a strong exchange effect with the DyFeCo perpendicular
magnetization, respectively, as schematically sketched itayer. The particular values of both-p; andT:p, and, con-

Fig. 8. The switching fieldH, decreases when temperature sequently, the temperature dependence of magnetic proper-
increases until 125°C at whichlc, becomes zero. For ties of the two layers is of great importance for the existence
higher temperaturesT(>T¢,), the signal of film 2 disap- or nonexistence of this transition and the range of tempera-
pears and we obtain a situation with just an in-plane magtures at which it occurs.

netic film 1. We note the change of the FR sign at 197 °C, In our Gdy; §~6,4C0;3 5/Dy2gFe50C0» bilayer, the micro-
corresponding to the compensation temperature of film 1 iiTagnetic calculation has predicted a transition in a small
an exchange-coupled double-layer situation. temperature range that is slightly translated from experimen-

The unusual hysteresis loop observed fortal AT values(experimentallyAT is of 20 °Q. We think it is
Gd,; F6,4C0,3 5/DyogFe;CO;» bilayer at 90 °C until 95 °C  because in the theoretical model an interface energy term
have been observed again in another bilajfég. 9. The  must be added to explain the diffusion between the two lay-
only difference between the two bilayers is just the thicknes®rs. This temperature induced transition depends both on
t, of the in-plane film 1 and that it has been reduced to 3%hickness and on the intrinsic properties of the two layers.
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V. CONCLUSION
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