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Tunneling investigations of ferromagnetic La 0.6 Sr0.4 MnO 3 ceramic sam-
ples showing negative magnetoresistance effect were carried out in two types
of junctions: symmetric "break junctions" and asymmetric ceramics-
insulator-metal junctions. The results are consistent with the presence of
small ferromagnetic clnsters in the insulating barriers of both types of junc-
tions and suggest a two-phase state realized by impurity mechanism of phase
separation.

PACS numbers: 75.70.Ρa

During the last years electron tunneling in doped ferromagnetic manganites
is used for the investigation of low-field magnetoresistance (MR) effect in polycrys-
talline structures [1] and in junctions on the base of epitaxial films [2]. Tunneling
junctions composed of lanthanum manganite electrodes are proposed as spin valve
devices [3].

In the present work we report on the investigation of spin-dependent electron
tunneling in two types of junctions on the basis of La0.6Sr0.4MnO3 ceramics made
by solid-state synthesis. The first type was a symmetric "break junction", and the
second one an asymmetric ceramics-insulator-metal junction, formed by pressing
a lead pellet into the surface of a ceramic sample.

The resistance of ceramic samples before the elaboration of the junctions was
in the 0.8-2 Ω range at room temperature. The resistance exhibited a maximum
near 360 K, associated with metal—insulator phase transition. The resistance of
current and potential contacts was approximately 10 - ? Ω/cm 2 .

In manganites, as well as in high-Τc superconductors, oxygen concentration
plays fundamental role in the appearance of the metal-insulator transition. Me-
chanical deformations of the sample in the process of junction preparation can be
the cause of oxygen escape from the surface of the perturbed region. The oxygen
deficient region becomes then an insulator. In such a way a tunneling junction
is formed between metal and ceramics or between ceramics and ceramics. The
resistance of such tunneling contacts was found to be in the range of 100-300 Ω.
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The existence of superconducting lead energy gap Δ = 1.4 meV (Fig. 1a)
on the plots of tunneling conductance at 4.2 K confirms the fact that tunneling
is the sole mechanism of charge transfer in the asymmetric La 0 .6 Sr0 .4 MnO 3-Pb
junction. The experiments have shown that MR of this junction does not depend
on the state of the lead electrode.

Conductance σ of both types of junctions was characterized by linear depen-
dence on bias voltage V (Fig. 1b). This anomaly has been observed in tunneling
experiments involving high-Τc superconductors [4].

The influence of magnetic field on the conductance of La 0.6 Sr0.4MnO 3
-La0.6 Sr0.4MnO 3 symmetric junction (Fig. 2) was observed at all values of bias

voltage. The plot of conductivity for. junction in a nonzero external field was dis-
placed upwards relative to the plot which has been obtained in zero field. The
maximal relative sensitivity of the conductance to magnetic field was observed at
V = Ο and decreased with increasing voltage (cf. insert in Fig. 2).

The conductance σ(Η) of the investigated tunnel junctions at 77 K had a
minimum in weak magnetic fields (Fig. 3). For tunneling junctions formed from
ferromagnetic electrodes the presence of such a minimum is explained by the spin
valve effect and the difference in the coercive fields of the electrodes. However,
"break junction" is a symmetric tunneling junction in the sense of magnetic prop-
erties of the electrodes, while lead is not a magnetic material. Nevertheless, the
behavior of σ(Η) of these two different structures is identical. This fact confirms
that the MR mechanism in both cases has the same nature.

The data shown in Fig. 3 exhibit the characteristic MR behavior of tunnel-
ing junctions with small ferromagnetic clusters in the insulating layer, as described
in Refs. [5, 6]. We suppose, therefore, that we are dealing with a process

analogous to spin-dependent electron tunneling across a barrier containing localized
ferromagnetic centers.
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Oxygen deficit in La 0 .6Sr0.4MnO3 near the junction area is the most likely
explanation of the appearance of ferromagnetic microregions in the barrier layer
of both types of the investigated junctions. According to Ref. [7], if average oxi-
dation of Mn ions of a given region is smaller than 3.2, magnetization M of this
region will be lowered in comparison to the other parts of the sample. Moreover,
such perturbations of the stoichiometry lead to the appearance of a structure of
ferromagnetic clusters in insulator matrix. The coercive field of such two-phase
barrier layer differs from the coercive field of the electrodes.

The observed weak dependence of MR on the bias voltage (see insert in
Fig. 2) is in agreement with the results of Ref. [5]. In the case of CoFe-Α12O3—Co
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junctions [8] MR decreases almost 20 times in the range from 0 to 0.7 V, whereas in
the case of Co—Α12 O3—Co samples containing a layer of Co inclusions in the oxide
of aluminum, MR decreases twice in the same range of voltage [5]. Finally, in
the case of (Au-Cr)—Co 36Al22 O42 —(Au-Cr) junctions MR almost does not depend
on V. This diversity of results is related to the complex structure of the junction,
which results in the redistribution of voltage drop between granules and electrodes.
Probably the strong dependence of MR on V in classical junctions is related to
the existence of a fine structure in spin-polarized density of states [5]. In junctions
which contain ferromagnetic microregions in the insulating layer the fine structure
can be smeared as a result of tunneling through resonant levels in the barrier.

The model of the two-phase state of La manganites constitutes one of the
attempts to explain the nature of colossal MR near the temperature of phase tran-
sition in these compounds [9]. For stoichiometric La0.6Sr0.4MnO3 the two-phase
state can arise from electronic separation of phases. Its existence is consistent
with the fact [10] that spontaneous magnetization Μ S at 4.2 K of La0.7Sr0.3MnO3
is less than the expected ΜΜ corresponding to complete ferromagnetic ordering,
MS /MC = 0.95.

Results of Ref. [11] also confirm the possibility of realization of a two-phase
state. According to the results of the present work the two-phase state in non-
-stoichiometric compounds is realized by impurity mechanism of phase separation.

This work was supported by the Committee for Scientific Research under
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