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Abstract

We have made a systematic study of the magnetic properties of low doped manganite films submitted to different
oxygenation treatments. We have found that oxygenation dynamics depends critically of the strain field in the sample.
The T¢ and the Mr increase as the oxygen content is increased. A decrease of the coercive field of the LSMO-STO films
was observed, indicating that annealing treatments increase the oxygen content reducing oxygen vacancies.
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Half-metallic manganite films are excellent candidates
for technological applications such as magnetic reading
devices, tunnel junctions for MRAM, etc. Manganites
also present a high degree of correlation between the
transport, magnetic and structural properties that is the
origin of many exciting phenomena. All these have
renewed the interest in these compounds in the last
years. Different authors have reported that changing the
oxygen content (X.) in manganite films and bulk
compounds modifies the transport and magnetic proper-
ties of the samples [1-3]. Post-deposition annealing
treatments, at different oxygen pressures and/or anneal-
ing times, usually varies xox in films [4-6]. Although, a
recent study performed on (La; _,Nd,)o 7Sro3:MnOj; thin
films report only a weak dependence of the transport
properties of the samples with the oxygen pressure
during samples deposition.

Lag 96S19.04MnO3 (LSMO) films of 120 nm nominal
thicknesses were grown by DC-magnetron sputtering.
The films were grown in a mixed atmosphere of O,
(7.7E-3mTorr) and Ar (7.7E-2mTorr) at a substrate
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temperature 75 = 760°C In order to study the oxygena-
tion process in manganite films, we have annealed
LSMO thin films at different oxygen pressures and
annealing times. We have also studied the effect of
substrate induced strains in the oxygen dynamics by
studying films grown over (1 00) MgO-MGO and (100)
SrTiO;STO single-crystalline substrates. Magnetization
measurements were performed in a commercial SQUID
magnetometer.

The samples are strongly textured in the direction
perpendicular to samples surface and no evidence of
grain boundaries was observed through AFM or SEM.
The remanent magnetization of the LSMO films, grown
on (a) STO and (b) MGO at different annealing times,
as a function of temperature is shown in Fig. 1. Similar
results were obtained for the films annealed at different
oxygen pressure. It is interesting to note that although
the bulk compound is canted antiferromagnetic [7], all
the measured films were found to be ferromagnetic.
Similar results were found in previous works [§].
Moreover, the increasing of x,y in films increases the
Curie temperature (7¢) and the remanent magnetization
(Mr(50 K)). Films grown on STO are much more sensi-
tive to post-deposition annealing than LSMO-MGO
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Fig. 1. Temperature dependence of the remanent magnetiza-
tion for annealed LagosSrg0sMnOs5 thin films at Tx: 600°C,
Pox: 100 Torr., grown over (a) STO and (b) MGO, for different
annealing times (fox: (@) 0, (W) 5, (O) 30 and (O) 60 min).

ones, as observed in Fig. 1. The oxygen dynamics and
therefore the influence of post-deposition annealing in
these two systems are clearly different. The lattice
mismatch between substrate and manganite is larger
for LSMO-MGO (~9%) than for LSMO-STO (~ 1%)
leading to different films growths [9]. Strains are more
important in LSMO-STO films than in LSMO-MGO,
where the relaxation of the large mismatch occurs by
structural defects like dislocations or point defects.
These results suggest that strained samples, i.e., LSMO-
STO, present a faster oxygenation dynamics.

To obtain more information about the oxygen
dynamic in these systems we have analyzed the effect
of xox on the coercive field of the samples. Since the
increase of xo,x has a larger effect in the magnetic
properties of the LSMO-STO films than in the LSMO-
MGO ones, we have tested its influence in the first series
of films. Magnetization loops for different annealing
treatments, performed at 35K, are show in Fig. 2. It is
clearly seen that as x. is increased, the coercive field of
the samples is drastically reduced. Point defects, like
oxygen vacancies, act as centers of domain wall pinning.
The decrease of the coercive filed is related to the
decrease of point defects and structural disorder. In
both, the strong to the weak pinning regime, the density
of these defects determinate the characteristic and
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Fig. 2. Magnetization loops at 7 =35K for annealed
Lag.06Sr0.04MnOj3 thin films grown over STO.

magnitude of the coercive field [10]. Two important
conclusions can be obtained from these results. First, xox
is increased in these manganite films filling oxygen
vacancies rather than increasing the cation vacancies
(which would increase point defects and disorder).
Second, the hole concentration of the fully oxygenated
films is given by the Sr concentration, indicating that the
films are in the low doped concentration regime, far
from the ferromagnetic-metallic zone of the phase
diagram (0.2<x<0.5).

In conclusion, we have made a systematic study of the
magnetic properties of low doped manganite films for
different oxygenation treatments. We have found that
oxygenation dynamics depends critically of the strain
field in the sample. The T¢ and the Mr increases as Xy is
increased. A decrease of the coercive field with the
oxygen content, of the LSMO-STO films was observed,
indicating that annealing treatments increase Xox by
reducing oxygen vacancies.
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