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Thin epitaxial film of Lag gSrp.2MnOs3 has been deposited on yz-cut LiNbOs by pulsed laser ablation. The film
was characterized by X-ray diffraction and magnetic measurements as a single phase. The magnetic properties and
the magnetocaloric effect have been measured as a function of magnetic field and temperature. A reasonably high
magnetocaloric effect indicates that this film might provide an efficient material for micro magnetic refrigerators.
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1. Introduction

Recently, there has been a growing interest in devel-
oping a new magnetic refrigeration technology based on
magnetocaloric effect (MCE). It was established that a
good magnetic refrigerant material requires large mag-
netic entropy change (ASy,) and large adiabatic temper-
ature change (AT,q) for a certain magnetic field change
(AH) [1]. The large (“giant”) magnetocaloric effect near
the room temperature was discovered in several fami-
lies of compounds [2]. Among them, especially interest-
ing are manganites [3]. In contrast to other compounds
with the giant magnetocaloric effect, most of the mangan-
ites are characterized by the second order paramagnet—
ferromagnet phase transition. Therefore, no thermal hys-
teresis between cooling and warming cycles is observed
for them during the phase transition. Recently, it has
been shown [4, 5] that the magnetic entropy change in
La-based manganites is very large, even larger than that
is exhibited by gadolinium.

While the magnetocaloric effect is most frequently
studied in bulk materials, there have been some efforts
recently to explore the MCE in nanoscale materials. It is
connected with developed recently concept of a solid-
state micro magnetic refrigerator (SSMMR) which could
be used to cool microdevices [6]. In this paper, the mag-
netocaloric effect was studied in the Lag gSrg.oMnQO3 thin
film deposited on the yzcut LiNbOg3 single crystal sub-
strate. The Lag gSrg.oMnOscompound was chosen for
his reasonably high magnetocaloric effect [7, 8] and for
our previous experience in growing high quality La-based
films [9].

2. Experimental results

Lanthanum manganite films were grown on the
yz-cut optically polished piezodielectric LiNbOj3 sub-
strate by pulsed laser-deposition technique with the
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use of Lag gSrg.oMnOs3 stoichiometric ceramics as a tar-
get. For the laser ablation targets, the polycrystalline
Lag.gSrg.oMnO3 samples were prepared by the sol-gel
combustion method. The obtained powder was then
pressed into a pellet underwent to a series of annealing
in order to increase its densification.

During the deposition, the substrate temperature was
equal to 750°C and the oxygen pressure was 300 mTorr.
The deposited film, 150 nm thick, was cooled to room
temperature at the same oxygen pressure. X-ray diffrac-
tion data show that the film is single phase, epitaxial
and (2 1 1) oriented with the pseudocubic lattice param-
eter a = 0.3853 nm. Chemical composition of the film
was checked by electron probe microanalysis. According
to the chemical analysis data, the chemical composition
of the film was differed from that of the ceramic target
within 2%.

Magnetization measurements were carried out by a7 T
superconducting quantum interference device SQUID
magnetometer (Quantum Design MPMS-XL).
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Fig. 1. Temperature dependence of magnetization for

the Lag.gSro.oMnO3 sample for zero field cooling (ZFC)
and field cooling (FC) regimes. Inset: plot of dM/dT
versus 1.
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Figure 1 shows temperature dependence of magnetiza-
tion for the Lag gSrg.oMnO3 sample measured at the mag-
netic field of 600 Oe. The divergence of the FC and ZFC
magnetization seems to be due to a magnetic domain
structure. From the temperature dependence of magne-
tization, the Curie temperature, T¢, was determined by
differentiation dM/dT (see inset in Fig. 1). It was found
that the Curie temperature is equal to 239 K. This value
is considerably lower than that for the bulk counterpart
having T = 287 K [8]. Moreover, in this manganite T¢
for nanopowders is higher than that for bulk sample [7].
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Fig. 2. Isofield magnetization curves versus tempera-

ture for the Lag.gSro.2MnOssample (the results of mea-
surement are not corrected for substrate diamagnetism).

For the isothermal processes, the total magnetic en-
tropy change of the magnetic system, ASy;, due to the
application of a magnetic field, H, is [1]:

ASM(T,H) :SM(T,H)_SM (T70) =

Hiax
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where T, Hyax, and M are the temperature, maximum
applied field and magnetization, respectively. Figure 2
presents results of magnetization M (T, H) measurements
used for the calculation magnetic entropy changes at
different magnetic fields for the LaggSrgo.MnQOs film
(Fig. 3). The obtained results indicate that the mag-
netocaloric effect found in the thin films at 20 kOe is
equal to be about 50% of ASy\ determined for their bulk
counterparts. But it is interesting to notice that ASy for
the thin films is almost twice larger than that determined
for nanopowders [7].

Quite different situation is in the case of Gd films [10].
Magnetocaloric properties of Gd films were found to be
well comparable with one determined for Gd sheet. But
these films were relatively thick (20-150 pm).

The field dependence of the magnetic entropy change
can be expressed as AS ~ H™. It is well established [11]
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Fig. 3. Magnetic entropy change as a function of tem-
perature.
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Fig. 4. Temperature dependence of the exponent

characterizing the field dependence of AS for

Lag.gSrg.oMnOsfilm.

that in the vicinity of second order magnetic phase tran-
sitions one should expect n = 1 well below the Curie tem-
perature, n = 2 in the paramagnetic range, and n = 2/3
for T'= T¢ in mean field approach. The deviations from
this theoretical prediction seen in Fig. 4 seems to result
from sample inhomogeneities. A very broad phase tran-
sition confirms this conclusion.

3. Discussion and conclusion

The paramagnetic to ferromagnetic transition was
found to broaden and shift to lower temperatures in the
thin-film sample. The broadening of this transition is
responsible for reduction of the magnitude of the magne-
tocaloric effect in the Lag gSrg.oMnQOs3 film. The proper-
ties of thin film as compared to its bulk and nano counter-
parts suggest that the reduced dimensionality in the sys-
tem is not responsible for the observed effects. It seems
that it is rather extrinsic effect which can be attributed to
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the special environments of the surface and the interface
atoms and also as a result of the strain which is induced
by the substrate. This conclusion promises possibility to
enhance the magnetocaloric effect in the Lag gSrg.oMnOj3
films after careful technological treatment. This indicates
that this film might provide an efficient material for mi-
cro magnetic refrigerators.
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