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Giant Negative Magnetoresistance in Perovskitelike La2/38attt3MnO Ferromagnetic Films
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At room temperature a large magnetoresistance, IsR/R(H =0), of 60% has been observed in thin

magnetic films of perovskitelike La-Ba-Mn-o, The films were grown epitaxially on SrTi03 substrates by
oA'-axis laser deposition. In the as-deposited state, the Curie temperature and the saturation magnetiza-
tion were considerably lower compared to bulk samples, but were increased by a subsequent heat treat-
ment. The samples show a drop in the resistivity at the magnetic transition, and the existence of mag-
netic polarons seems to dominate the electric transport in this region.

PACS numbers: 75.70.Ak, 72. 15.Gd, 73.50.Jt

Giant magnetoresistance (GMR) due to spin-depen-
dent scattering at the interface between ferromagnetic
and nonmagnetic regions has been the subject of intense
research in the last years [1-4]. At room temperature,
resistance changes hR/R(H=0) as high as 40% have
been observed in Cu/Co multilayers [2] and up to 11% in

heterogeneous Cu/Co alloys [3,4], compared to only
2%-3% for "conventional" materials such as permalloy.
A much higher magnetoresistance was found near a
metal/insulator and simultaneous magnetic phase transi-
tion, e.g. , in Eu~ —„Gd„Se [5], but in this material the
eAect is restricted to temperatures below 50 K. The
anomalous transport phenomena in these Eu-chal-
cogenide alloys have been explained by the appearance of
giant spin molecules [6] and spin polarons [7]. Similar
observations have been made in the mixed valence
perovskitelike Ndo 5Pbo 5Mno3 in the region around the
ferromagnetic phase transition at 184 K [8]. A large
drop in resistivity and a high magnetoresistance AR/
R (0) & 50% was found, which is also believed to
be caused by the existence of magnetic polarons. La2/3-

Ba~g3Mno3 is also well known as a mixed valence metal-
lic ferromagnet, but with a considerably higher Curie
temperature of Tc =343 K [9,10]. At the Curie temper-
ature a cusp in the resistivity was found and therefore
gives rise to the assumption of a high magnetoresistance
eAect at room temperature.

Targets of stoichiometric composition were prepared by
standard ceramic techniques from the metallic oxides and
carbonates of 99.9% purity by repeated grinding and an-
nealing in air. The x-ray diAraction patterns showed no
other reAections than those of the rhombohedral unit cell
found in Ref. [10] (a =0.3910 nm, y=90. 12'). Thin
films of 150~ 10 nm thickness were grown on SrTi03
10&&10 mm substrates in (100) and (110) orientation.
A laser deposition technique in off'-axis geometry was
used, which had previously turned out to be a powerful
tool in preparing high-T, superconducting thin films with
a smooth surface [11]. Different substrate temperatures
between 600 and 900 C were used, at a deposition pres-
sure of 0.4 mbar oxygen. Epitaxial films were obtained
for a substrate temperature of Tg =600 C as confirmed
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FIG. 1. Room temperature magnetization curve for the as-
deposited sample (Ts =600'C) showing paramagnetic behav-
ior. The ferromagnetic curve is measured at the same sample
after annealing in air for 12 h at Tg =900'C.

by x-ray diA'raction and reAection high-energy electron
diffraction (RHEED), while a higher substrate tempera-
ture resulted in polycrystalline films.

Magnetization measurements were performed at room
temperature in a vibrating sample magnetometer in a
magnetic field of up to 2 T. Paramagnetic behavior was
found in the sample deposited at Tg =600 C, but after a
subsequent heat treatment at 900 C in air, a ferromag-
netic magnetization curve was measured (Fig. 1). No
saturation could be achieved up to NOH=2 T, and the
magnetization is still significantly lower than that ob-
served in bulk samples (280 A/m) [10], so one can still
assume paramagnetic or superparamagnetic regions due
to sample inhomogeneities.

The dc resistivity was measured between 30 and 320 K
in an applied field of up to 7 T. Since no saturation of
the magnetoresistive effect (MR) was achieved in this
field range, the values were related to the resistance at
zero field, i.e., RMR =AR/R(0). Figure 2 shows the tem-
perature dependence of the resistance (a) before and (b)
after the heat treatment, measured in standard four probe
geometry. In the ferromagnetic region, all samples show
metallic behavior, i.e., a positive temperature coefticient
of the resistivity. Near the ferromagnetic transition, spin
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FIG. 3. Resistivity versus field curves for the as-deposited
sample (Ts =600'C) and after annealing at T~ =900 C for 12
h, measured at T =300 K.

FIG. 2. Temperature dependence of the resistivity at zero
field and under an applied field of peH=5 T for the film (a)
as-deposited at Ts =600'C and (b) after a subsequent anneal-
ing at Tg =900 C for 12 h. The dashed curves represent the
relative MR eff'ect RMa = [R (0 T) —R (5 T)]/R(0 T).

disorder leads to a sharp increase of the resistivity, as has
already been observed in several metallic ferromagnets
with a narrow conduction band [7,8, 10]. The application
of an external magnetic field leads to a decrease in the
resistivity, with the largest difference and hence the larg-
est negative magnetoresistance occurring close to the
magnetic transition, which is indicated by the peak in the
zero-field resistivity. The peak in the resistivity becomes
smaller and shifts to higher temperatures as the field is
increased.

The magnetoresistance measurements (Fig. 3) show a
large MR eAect of more than 60% at room temperature,
which is significantly higher than that observed in Cu/Co
multilayers where RMR ~40%. Normalizing the resis-
tivity to the high field value, as is usually done for mag-
netic multilayers, the respective values are 150% com-
pared to 65%. Like the magnetization, the resistance
cannot be saturated in a magnetic field of up to poH =7
T. The curves are almost independent from the relative
orientation of magnetic field, electric current, and crystal
axes, if one takes into account the diA'erent demagnetiza-
tion factors for various orientations. Also, polycrystalline
samples did not diA'er from the epitaxial ones. Compared
to single phase sintered bulk samples [10], where a sharp
cusp in the resistivity is observed, the as-deposited thin
films show a broadening of the magnetic transition [Fig.
2(a)l and simultaneously a weak temperature dependence
of the MR effect below 250 K. An annealing in air re-
sults in an increased transition temperature and a sharper
transition [see Fig. 2(b)l, so we assume that the sample
becomes more homogeneous during the annealing treat-
ment. In this case the diAerence from the bulk material

values presumably results from chemical disorder and ox-

ygen deficiency. A deviation of the film from the target
composition possibly occurs during the deposition because
of the high vapor pressure of MnO and may explain why
there is still a slight diAerence in the magnetic and elec-
tric properties compared to the bulk samples.

Since LaMn03 is an insulating antiferromagnet with a
superexchange coupling between the Mn + ions by the
interaction of the d shells of manganese and oxygen, the
mixed Mn +/Mn + valence in La~ -,Ba„Mn03 is be-
lieved to give rise to both ferromagnetism and metallic
behavior [12]. Below the Curie temperature the antifer-
romagnetic superexchange is overcome by ferromagnetic
double exchange, transferred by the conduction electrons
in the narrow d band. These competing interactions give
rise to a strongly perturbed spin lattice in the region of
the ferromagnetic transition, which in combination with
the narrow conduction band can lead to a partial localiza-
tion at these magnetic impurities and to the constitution
of magnetic polarons, as originally suggested by Mott
[13]. At temperatures well below the ferromagnetic on-
set, the formation of magnetic polarons will become im-

possible since the magnetic ions are ferromagnetically or-
dered; i.e. , at zero field the resistivity significantly de-
creases with decreasing temperature. On the other side,
at a constant temperature near the transition temperature
an external magnetic field also increases the ferromagnet-
ic order leading to the prominent MR observed in this re-
gion. Since conduction by magnetic polarons proceeds
via thermal hopping, one observes activated behavior and
therefore a negative temperature coe%cient of the resis-
tivity above the Curie temperature. This conception is

supported by the observation of Mott's law, In(p)
—T ', in the activated region of Cu-doped samples
[10], which is consistent with variable range hopping be-
cause of frozen-in spin disorder in this case. Further-
more, for Ndo qPdo qMn03 spin polarized neutron scatter-
ing showed dynamic Auctuations in the magnetic struc-
ture above the Curie temperature [8] which are believed
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to be produced by hopping of magnetic polarons.
In summary, an intrinsic MR eA'ect has been observed

in epitaxial ceramic films at room temperature which is

considerably higher than that of artificial ferromag-
netic/nonmagnetic multi]ayers and of heterogeneous ma-
terials. It is also isotropic, but based on a completely
diAerent physical eAect. Magnetic polaron hopping pro-
vides a plausible model to describe the transport mecha-
nism. Since magnetic impurities are introduced by
thermal disorder, the homogeneous single phase material
the high MR eAect is restricted to a temperature region
around the ferromagnetic transition, while in the case of
chemical disorder a broad transition results in a much
smaller temperature dependence of the MR eAect.

The authors gratefully acknowledge valuable discus-
sions with L. Haupt and K. Barner, the RHEED charac-
terization by T. Matthee, and the magnetization mea-
surement by G. Rupp.
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