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We have reported the results of investigation of a magnetorefractive effect on magne-
toreflection and magnetotransmission modes in La,,Ca, ;MNnO; manganite thin films and
crystals in the middle IR spectral range. The effects can reach several percents for single
crystals and up to 20—40 % for thin films near Curie temperature. It was shown that the
magnitude and spectra of the magnetorefractive effect strongly depend on magnetoresis-
tance and optical properties of manganites. The overall qualitative agreement was obtained
between the calculated in the framework of the effective medium approach data and
experimental data.

IIpeacTaBieHbl Pe3yabTaThl UCCAELOBAHUS MarHUTOpedpakTUBHOTO addeKrTa HA MATHUTO-
OTpaKeHNe W MATHUTOMPOXOJKAeHNEe B TOHKUX IJIEHKAX W KPUCTAJIJIaX MaHTAHUTOB COCTABA
La, ;Cay sMnO; B cpegmeit wactu MK guanasoHa. O¢QeKTH MOTYT JOCTUTAThH HECKOJBKO
MPOLEHTOB JJIs KPUCTAJJIOB W BoadpacTtaTh a0 20—40 % misa TOHKUX MJIeHOK BOJU3M TeMIle-
parypsl Kopu. ITokasano, 4To BeJMUNHA U CHEKTPH MarHutopepakTuBHoro ayexrTa Cuiib-
HO BaBUCAT OT MATHUTOCOMPOTHUBJIEHUS ¥ ONTUYECKMX CBOMCTB MaHTMaHUTOB. J[OCTUTHYTO
XOpoIlllee KAUECTBEHHOE COTJIACHEe MEeMAy 9KCIepUMEeHTAJLHBIMU JAHHBIMM ¥ pAaCUueTamMu,
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BEITTOJTHEHHBEIMM B PAMKax Teopuu 3(h(PeKTUBHON Cpeasnl.

1. Introduction

Magnetorefractive effect (MRE) is a high
frequency response of magnetoconductance
(MC) and consists in variations of the coef-
ficients of reflection and transmission of
electromagnetic waves of samples with
GMR, TMR or CMR under magnetization
(see [1], and references therein). Recently,
it has been shown that magnetotransmission
and magnetoreflection in manganites in the
infrared spectral range near Curie tempera-
ture caused by MRE [2, 3]. The developed
theories of MRE in metallic multilayers and
granular alloys with GMR and TMR could not
be appropriated for Lay;CagsMnOz; [2-4].
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In this work, we present the results of cal-
culations of MRE in Lag,Cag;MnO5; bulk
crystals and thin films in the framework of
the effective medium approach (EMA) sup-
posing that Lag ;,Cag ;MnO; manganites con-
sist of low and high resistivity phases with
volume fractions depending on the magni-
tude of an applied magnetic field.

2. Model calculations and results

We considered semi-infinite
Lag 7,Cag 3sMnO5 crystals and thin films of
the same compound with different thickness
and some unpublished data of
Lag ;,Cag 3MnO5 films were also used. We
studied the temperature and spectral vari-
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Fig. 1. The calculated MRE (AR/Ro) for crys-
tal Lajy,Cay,MnO; (y =0.18, T =250K,
magnetic field H = 3 kOe) for different form-
factor L.

ations of magnetoreflection and magne-
totransmission effects (see experimental de-
tails in [8-6]). So supposing that
Lag g7Cag 33MnO5; manganites consist of low
and high resistivity phases with wvolume
fractions depending on the magnitude of an
applied magnetic field, all our calculations
were carried out in the framework of the
effective medium approach theory (EMA)
[7]. We calculated MRE (AR/Ro) for crystal
Lag ;Cag 3sMnO; for different shape of the
volume fraction like sphere (L = 0.33), and
two ellipsoid (L = 0.2) and (L = 0.4) (Fig. 1).
It was obtained that this form-factor could
strong influence on the value of the MRE.

The frequency-dependent conductivity
for magnetized two-phases samples from
EMA equations can be written as:

(1 - y)o, + yo, — L(oq + 02)}( @

o(®.H) { 21 -1

1/2
46,09(1 — L
1+(1+ 10 )
(1 - y)oy + yo, — L(cq + 0y)

where 05 and ©; are the conductivities of
the low and high resistivity phases, corre-
spondently, y is the volume fraction of the
high conductivity phase for magnetized
samples, L — form-factor. If to denote x as
a fraction volume of the high conductivity
phase in the case of zero magnetic field,
then

B o(0,0)[L(c; — 6(»,0) = 6;x + 6(w,0)] (2)
%2% T (6, - 6(@,0) + o(@,0)[1 - x]

The values of optical constants were ob-
tained from [4—6]. Then using (1) Frenel’s
formulas and the experimental data of
6(0,0) and ©; from [4-6] we calculated the
MRE spectra. These spectra for crystal are
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Fig. 2. The calculated MRE (AR/Ro) for thin
manganite film Laj,Ca;MnO; (d = 180 nm,
y=0.1, T =250 K, H = 3 kOe).

Fig. 3. The spectra of magnetoreflection
(AR/Ro) (upper) and magnetotransmission
(AI/Io) (bottom) for thin Lay,Cajy;MnO; film
with  thickness 50 and 180 nm and
Lay ;Cay sMnO; crystal (solid line) at T = 250 K
in the magnetic field of 3 kOe (upper) and
8 kOe (bottom), respectively.

demonstrated in Fig. 1. The modeling calcu-
lations for crystal of Lag;Cags;MnOjz with
y = 0.13 demonstrate that the MRE is about
several percent and has a main maximum
near 14 um. It’s related with the existence
of the local maximum for o(w,H) in
Lag ;Cag 3MnO5; manganites. These facts are in
good agreement with experimental data [2].
In the case of thin films, the MRE
(AR/Ro) changes strongly (Fig. 2). We have
demonstrated that sign, magnitude, fre-
quency dependencies of MRE are very sensi-
tive to the model parameters and a sample
thickness from diagrams comparison in Fig. 1
(crystal Lag;CagsMnO; — model of the
semi-infinite space), Fig.2 (the film
Lao_7cao_3MnO3 (d = 180 nm)) and Fig. 4
(the film Lao_7cao_3MnO3 (d = 300 nm)).
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spectra of magnetoreflection (a) and magnetotransmission (b) of

La, ,Cay s;MnO; film (d = 800 nm) for different volume fraction of the high conductivity phase y.
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Fig. 5. The experimental spectra for manganite films Laj,Cay;MnO;: magnetoreflection — a)
(in-plane magnetic field is 4 kOe) and magnetotransmission — b) (out of-plane magnetic field is

8 kOe) for different temperature.

The experimental spectra for the thin
films and crystal are demonstrated in Fig. 3
(T = 250 K). Values of the magnetoreflec-
tion can achieve the several percent for the
crystal and to 20 % for the thin films in
magnetic field. The main maximum of the
MRE is near 14 um as well as for crystal.
We have demonstrated that the magnitude
and the spectral shape of the obtained MRE
spectra on reflection mode differ greatly
from the one for crystals. The effect has in
common positive sign that is opposite to the
negative sign of magnetoresistance and
magnetotransmission (Fig. 1, 2).

We calculated magnetoreflection (Fig.
4a) and magnetotransmission (Fig. 4b) for
300 nm thickness film with different values
of y. In fact, different values of y corre-
spond to different temperatures. We have
shown that increase of y is corresponding to
increase of the temperature to the point of
Curie temperature. It was observed that the
value of magnetotransmission increases up
to 30-40 % and have negative sign of ef-
fect as well as magnetoresistance. We have
rated that MRE (both AR/Ro and Al/Io) for
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the thin films rapidly decreases approxi-
mately to zero if the T < 225 K in the 1-
10 um range. These calculated spectra are
correspond to the experimental spectra (Fig.
ba,b) for different temperatures. Therefore,
the change of the volume fraction of the high
conductivity phases for magnetized samples y
can strong change the MRE spectra.
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Ananiz marmiTtopegpakTuBHOTO €(PEeKTy B TOHKHX
niaiBkax Lag,Cag sMnO; B I gianmasoni cmexTpa

A.H.IOpacos, T.H.Baxeanoea, A.B.Tenezin, 10.11.Cyxopyrxoé

IIpencTaBieno pe3yJbTATH AOCIiTKeHHS MArHiTOpepakTHUBHOTO edeKTy Ha MaArHUTOBIiA-
6uTTA 1 MArHiTODPOXOM:KEHHA B TOHKMX IIiBKAX 1 KpHCTajlax MAaHTaHITIB CHOMYKU
Lay;,Cay ;MnO; y cepexmiit wacrmri I9 giamasomy. Edexrn MoxyTs Jocaratu Kimbka
BimcoTkiB mua kpucraaie i spocratu mo 20-40 % masa TOHKHX ILIIBOK IIO0JIM3Y TEMIIEPATYPU
Kropi. ITokasano, 110 BelrunHa i cueKTpu MardiTopedpaKkTUBHOTO epeKTy CHJBHO 3aJIeXKaTh
Big marmitoomopy i onruuHmx BJacTuBocTeil MaHTraHiTiB. JlocArHyTOo rapHy fAKicHY 8sromy

MiK eKCIepMMEHTAJbHMMHU AAHMMU 1 PO3paxyHKaMM, BUKOHAHMMM B pPaMKax Teopil edex-
THBHOTO CEPEIOBHUIIA.
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