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Abstract—We have studied the magnetoresistive properties of a structure comprising single crystal manganite
Eug 7Py sMNnO; covered with an epitaxial iron film. At temperatures below T of the manganite crystal, the
structure exhibits positive magnetoresistance. The behavior of the resistance as afunction of the magnetic field
is characteristic of atunneling junction with ferromagnetic electrodes separated by a thin insulating film. The
observed effect isrelated to the formation of atransition layer at the manganite—Fe interface, which is depleted
of oxygen and possesses diel ectric properties. The sensitivity of the resistance with respect to the magnetic field
isdetermined both by the negative magnetoresi stance of the manganite crystal and by the tunneling contribution
to the conductivity, whereby the tunneling current depends on the mutual orientation of magnetic moments of
the electrodes (Eug 7P sMNnO; crystal and Fe film). © 2003 MAIK “ Nauka/Interperiodica” .

Investigation into spin-dependent transport via het-
erostructures containing magnetically active layers is
among currently important and highly promising direc-
tions in the physics of magnetic phenomena. These
hopes are related to the large application potential of
such structures [1]. Indeed, such structures, retaining
all advantages of the traditional semiconductor (non-
magnetic) low-dimensional systems, acquire an addi-
tional channel of control via magnetic field [2]. This
possibility greatly expands the functional properties of
microelectronic devices. One of the related problems
encountered in thisway is the search for new materials
providing for ahigh spin polarization of electrons emit-
ted into a magnetic structure. A promising solution is
offered by ferromagnetic semiconductors based on
magnesium oxides with a perovskite structure, known
as manganites. These compounds are characterized by
a high degree of spin polarization of theintrinsic carri-
ers, reaching nearly 100% [3].

Below, we report on the results of investigations of
the magnetoresistive properties of a structure compris-
ing single crystal manganite covered with an epitaxial
iron film ([M/Fe]). The single crystals of
Eu, 7Pby sMnO; manganite were grown by spontaneous
crystallization from a solution melt. The samples
exhibited a transition to the ferromagnetic state with a
metal conductivity at Tc = 210 K. The substrates cut
from single crystal ingots had the shape of 3 x 2 x
0.1 mm plates, in which the large plane coincided with
one of the principal crystal planes. Aniron film with a
thickness of 250 A was deposited by molecular beam
epitaxy on acommercial setup of theAngaratype. Cop-

per filmswith thicknesses up to ~500 A deposited in the
same technological cycle onto the outer iron film sur-
face and onto the bottom substrate surface were used as
el ectrodes during electric measurements on the [M/F€]
structures. The experimental geometry is outlined in
theinset to Fig. 1.

Figure 1la shows a plot of the resistance R(H) and
magnetoresistance (MR)AR/R, = (R(H) — R(0))/R(0) as
functions of the applied magnetic field for the [M/Fe]
structures studied at T = 80 K. For comparison, Fig. 1b
presents an analogous curve for the substrate (single
crystal manganite). As can be seen, the R(H) curve for
the [M/Fe] sample exhibits a characteristic maximum
representing the region of positive MR. As is well
known, manganites proper exhibit a negative MR
effect, whichisclearly observed for thesingle crystal of
Eu,7PbosMnO;. A comparative analysis showed that,
in magnetic fields above H ~ 11 kOe, the change in the
sample resistance is determined entirely by the MR
properties of the substrate. Since the resistance of the
[M/Fe] structure is about three times that of the sub-
strate, it is natural to suggest that the features of R(H)
of the structure are related to the formation of atransi-
tion layer between theiron film and the manganite sub-
Strate.

A peak corresponding to the positive MR region on
the R(H) curve beginsto appear in weak magnetic fields
at T < T.. Asthe temperature decreases, the maximum
R, = R(H,,) shiftstoward greater magnetic fields (H,is
the field strength corresponding to the maximum value
of R(H)) and the magnitude of the MR effect (AR, =
R, — Ry) increases. On the whole, the character of the
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temperature variation of AR, and H,,, is correlated with
the behavior of magnetization of the manganite crystal.
It is important to note that the region corresponding to
positive MR values appears only in the interval of tem-
peratures at which the manganite crystal possesses a
spontaneous magnetic moment.

Another important feature is that the magnitude of
the MR effect depends on the bias voltage V applied to
a sample during the resistance measurements. This
behavior is characteristic of the tunneling transitions
between electrodes of a ferromagnetic material sepa-
rated by a thin dielectric layer ([FM/I/FM,] struc-
tures). The presence of the R, peak isrelated to the spin
valve effect [3], the tunneling current being dependent
on the magnetic moments of electrodes. The contact
resistance is minimal when these moments (M, and
M,) are paralel to each other, and the resistance is
maximal when the moments are antiparalel. In our
case, the role of the magnetically active electrodes is
performed by the iron film and manganite crystal (for
T < Te). Additional evidence for the proposed mecha-
nism of the tunneling MR in the structure studied is
provided by the current—voltage characteristic (Fig. 2)
possessing a shape typical of the tunneling junctions
[4]. In contrast, the current—voltage characteristic of the
substrate (single crystal manganite) islinear.

Let us consider the possible mechanism of the for-
mation of atransition layer between a manganite crys-
tal and an epitaxial iron film. Asiswell known, manga-
nites are characterized by aweak binding of oxygen to
thelattice and arelatively easy diffusion of this compo-
nent. On the other hand, manganites are extremely sen-
sitive to deviations from the crystal stoichiometry in
oxygen [5]. For some compositions, a decrease in the
oxygen content resulted in the sample (exhibiting ferro-
magnetic/conducting properties in the stoichiometric
state) acquiring dielectric properties with an antiferro-
magnetic type of ordering [6]. Thus, it seems that the
stoichiometry with respect to oxygen is a decisive fac-
tor determining the properties of near- surface layersin
manganites, including the transition layers between the
crystal substrate and afilm.

In our case, the situation can be as follows. The
interface between the crystal and the film features
mutual diffusion that results in the formation of athin
layer depleted of oxygen as compared to the stoichiom-
etry. This layer, possessing dielectric properties, plays
the role of a potential barrier for electrons. Using the
classical expression of Simmons [4] for the tunneling
current viaa potential barrier, we calculated a current—
voltage characteristic approximating the curves experi-
mentally measured for the [M/F€] structures. From this
we estimated the height U, and width d of the afore-
mentioned potential barrier: Uy = 29.5 meV and d =
20 A. Obviously, these estimates are quite rough and
can be considered as alower boundary for the real val-
ues of U, and d, since the tunneling mechanism of con-
ductivity is probably not dominating at high tempera-
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Fig. 1. Plots of the resistance R(H) and magnetoresi stance
AR/Ry = (R(H) — R(0))R(0) versus the applied magnetic
field at T = 80 K for (a) the [M/Fe] structure studied and
(b) the substrate (Eug 7Pbg sMnO3 single crystal). Theinset

shows a schematic diagram of the experimental arrange-
ment.

tures (T > 80 K) and the over-barrier transport of charge
carriers (thermoel ectron emission) has to be taken into
consideration aswell. In addition, theinterfacial region
is likely to be inhomogeneous [7] and may contain
microscopic highly conducting inclusions percolating
through the barrier.

The spin valve effects are traditionally observed and
characterized using the structures in which ferromag-
netic films are separated by dielectric spacers, so that
the el ectrodes are magnetically uncoupled. A difference
in the behavior of magnetic moments M, and M, asthe
functions of H and, hence, a change in the tunneling
current viathe junction can be realized by selecting the
materials for FM, and FM,, possessing different coer-
civefields (Hg and Hey,, respectively). In this case, the
R(H) curve exhibits a considerable hysteresis. No such
hysteresis was observed in the [M/Fe] structures stud-
ied in our experiments. Another distinctive feature is
that the magnetic field strength (H,,) corresponding to
the maximum resistance R,, has a large value (H,, =
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Fig. 2. Current-voltage characteristics of (1) a
Eug 7Pbg 3MnO3 single crystal and (2) a[M/F€] structure at
T=80K.

3.3 kOe), which is significantly greater than the analo-
gous Hc values for Euy,PbysMnO; crystals and iron
films taken separately.

This behavior can be rationalized by assuming that
the dielectric transition layer possesses magnetic prop-
erties and mediates an exchange interaction between
the manganite crystal and theiron film, thisinteraction
possessing an antiferromagnetic character (aswasindi-
cated above). The equilibrium angle 6 between the
magnetic moments M, and M, is determined by the
condition of the minimum free energy density:

F(8) = Fex+E;+Ep + E,,

where Egy is the energy of the exchange interaction
between electrodes, E; is the Zeeman energy in the
applied field, Ep is the energy of a demagnetization
field, and E, isthe energy of the magnetic anisotropy. A
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possible scenario for the tunneling contribution to R(H)
isasfollows. For H = 0, both the manganite and theiron
film occur in amultidomain state with al relative orien-
tations of M, and M, in the plane being equiprobable.
As the field strength H increases, the magnetization
proceeds and a saturation magnetization of the crystal
and filmis attained at H = H,,. The antiferromagnetic
exchange via the near-surface layer results in an
approximately antiparallel orientation of M, and M,
and the structure is characterized by a maximum value
of R(H). As the field H increases further, competition
(mostly between Egy and E, contributions to F(0))
takes place, the equilibrium angle 6 decreases, and
R(H) drops. For H ~ 11 kOe, the moments M, and M,
become pardlél; at still higher fields, the MR of the
structure is dominated by the contribution of the sub-
strate, which is not related to the tunneling mechanism.

The proposed scenario qualitatively explains the
observed behavior of MR in the [M/Fg] structure stud-
ied. The situation will be elucidated in greater detail by
investigations of the behavior of the magnetizations of
the manganite crystal and the deposited iron film.
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