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We report a study of the electron tunneling transport in point-contact junctions formed by
a sharp Ag tip and two different highly correlated oxides, namely, a magnetoresistive
manganite La0.66Ca0.34MnO3 and a superconducting cuprate LaBa2Cu3O7–x . Strong chemical
modifications of the oxide surface (supposedly, oxygen ion displacements) caused by applying
high voltages to the junctions have been observed. This effect is believed to be responsible for
an enormous growth of inelastic tunneling processes across a transition region that reveals it-
self in an overall «V»-shaped conductance background, with a strong temperature impact.
The mechanism of the inelastic scattering is ascribed to charge transmission across magneti-
cally active interfaces between two electrodes forming the junction. To support the latter
statement, we have fabricated planar junctions between Cr and Ag films with an anti-
ferromagnetic chromium oxide Cr2O3 as a potential barrier and at high-bias voltages have
found an identical conductance trend with a similar temperature effect.

PACS: 75.70.Cn, 72.10.Di, 73.40.–c

Inelastic electron tunneling across magnetically active interfaces

In the last few years, and mainly due to the
progress in nanotechnology, the rapidly emerging
field of spin-polarized transport across hete-
rostructures, often called «spintronics», has be-
come an area of intensive basic and applied studies.
Usually, an analysis of spintronic systems ignores
interfacial processes which can flip the spin of a
conduction electron travelling across a device. But
their influence on the magnetic junction transport
characteristics may be dramatic and it would be im-
portant to study the sensitivity of tunneling trans-
port properties on the magnetic interfacial scatter-
ing. This problem was addressed theoretically [1]
and experimentally (see [2] and references therein)

in relation to magnetic tunnel junctions showing
large magnetoresistance. As it was argued by
Guinea [1], the effect should be particularly en-
hanced in fully polarized magnets as doped manga-
nites where the tendency towards ferromagnetism
may be reduced at a surface, leading to an an-
tiferromagnetic behavior. Thus to study an effect of
spin-flip processes caused by interface magnetic ex-
citations on the charge transport in such systems
seems to be one of the actual issues.

In this sense, ferromagnets as junction electrodes
are not good candidates for investigating the role of
the spin-assisted tunneling and simpler devices
would be preferable. In our previous paper [3] we
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presented tunneling measurements on high-
temperature superconducting cuprates, another
family of perovskites. It was shown that in these
materials interactions of tunneling electrons with
excitations inside the transitional insulating layer
strongly influence the conductance spectra. The
system investigated experimentally [3] was a
point-contact junction prepared with a sharp Ag tip
pressed into the surface of a ceramic superconduc-
tor LaBa2Cu3O7–x (LBCO). The latter one is
known to be one of the most unstable materials
among superconducting high-Tc cuprates, with a
bad degraded layer adjoining the surface. Our in-
terpretation of the data obtained was based on an
assumption that oxygen rearrangement caused by
an applied electric field results in the appearance of
an oxygen-deficient region near the interface. In ac-
cordance with the 123-compound phase diagram it
should be antiferromagnetically ordered, and the
related inelastic-scattering processes can strongly
contribute to the charge transmission across the
junction. In this work, we demonstrate important
similarities between background conductance spec-
tra of junctions formed by manganites and cuprates
as well as an effect of high voltage biases on them;
experimentally demonstrate signs of near-interface
chemical modifications (supposedly, oxygen ion
displacements that we believe to be a source of the
composition changes), and confirm the hypothesis
of the existence and strong effect of magnetic corre-
lations in the transition region between Ag and lan-
thanum-based metaloxides by performing the same
measurements on a tunnel junction with a Cr2O3
barrier known to be antiferromagnetic in the bulk
state.

We start with conductance experiments on the
magnetoresistive compound La0.66Ca0.34MnO3
(LCMO). Bulk samples of manganites (as well as
cuprates) were sintered by the conventional so-
lid-state method. Appropriate amounts of corres-
ponding oxides were mixed, pressed, and annealed
at 1200oC for 12 hours. The resulting pellet was
ground, sintered, and repelletized before a sample
with a high packing density was obtained. The va-
lues of the Curie temperature agreed well with
known data (the inset in Fig.1,a). Point-contact
junctions were prepared with a silver counte-
relectrode by the same way as those based on
high-Tc LBCO compounds (for details see the pa-
per [3]). The corresponding peak in the tempera-
ture dependence of the tunnel resistance for LCMO
was always shifted to lower T as a result of the sup-
pression of ferromagnetism in the upper layers of
the manganites (the inset in Fig.1,a). The related

findings for superconducting LBCO contacts with
Tc’s near 93 K are presented in the inset in Fig.1,b.
Together with the overall increase expected from
the conventional tunneling theory [4] the junction
resistance also displays a minimum below Tc . As
was shown in the paper [5], such a feature appears
in conductance spectra of N–I–S heterostructures
for moderate values of the insulating region trans-
parency (the standard theory of tunneling processes
[4] assumes the presence of very high potential bar-
riers).

A radical (but reversible) effect of oxygen elect-
romigration processes on the LCMO/Ag contact
current I—voltage V curves is shown in Fig. 1,a in
comparison with corresponding data for LBCO/Ag
junctions in Fig.1,b. In both cases at 300 K we ob-
served a decrease of the point contact resistance
when a positive bias voltage V* was applied on the
Ag tip and an increase for the corresponding nega-
tive biases. The values of V*were different: near
0.8 V for LCMO and about 0.5 V for LBCO. Fol-
lowing previous works on the same subject [6,7],
we explain abrupt changes of the point-contact re-
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Fig.1. Switching effect on the current–voltage characte-
ristics of La0.66Ca0.34MnO3/Ag (a) and LaBa2Cu3O7–x/Ag
(b) point contacts at 300 K (solid lines) and 77 K
(dashed lines). The insets display the temperature
behavior of the zero-bias junction resistance compared
with that for a bulk metaloxide sample.



sistance at activation voltages by modifications of
the oxygen stoichiometry near the intrinsic
metaloxide surface under the influence of applied
electric field. Then the difference in V*can be as-
cribed to the fact that in the lanthanum-based
cuprate the Cu–O bond is weaker than the Mn–O
bond in LCMO. It should be noted that for a par-
ent yttrium-based cuprate (YBCO), where the
Cu–O bond is known to be stronger than in LSCO,
the bias range where the electromigration effect can
be detected is, as a rule, essentially larger [7]. The
picture proposed explains also why the activation
voltages V*needed to stimulate the transition from
one branch of the conductance spectra to another
have increased with decreasing temperature (Fig.1).

Our results show that after applying high vol-
tages of different polarities not only are the con-
ductance values different but the character of the
spectra as well is changed from a parabolic charac-
teristic (the high-resistance characteristic) to a
«V»-shaped behavior in the low-resistance case.
Figures 2,a–c show typical examples of differential
conductance curves �( ) ( )V dI V dV� , each at a
different temperature. It should be emphasized that
there is a fundamental difference with conventional
metal–insulator–metal junctions, where the back-
ground behavior is polynomial for voltages small
compared with the barrier height [4]:

� � � �( )V V V� � � 2. (1)

In manganite- and cuprate-based contacts the
overall dependence of �( )V does not have the form
(1) but rather follows the formula [7]

� ��( )V a bV cV� � � 2. (2)

To demonstrate it, in the insets in Figs. 2,a–c we
have plotted the even conductance � �( ) [ ( )V V� �
� ��( )]V 2 for the lowest temperatures studied. It
does contain a dominating linear term.

It has been already stressed that the «V»-shaped
background is a common feature of the conductance
spectra �( )V of different metallic oxide systems
[8]. Here we present some novel results for
LBCO/Ag contacts and for Cr–Cr oxide–Ag mul-
tilayered structures that, as we hope, may shed
light on the possible role of inelastic scatterings of
a magnetic origin at the injector–oxide interfaces.
As is shown in the inset in Fig.2,b, on a large scale
the conductance �( )V of the LBCO-based junction
exhibits a quasi-linear behavior (2) with a superim-
posed superconducting gap-like feature. We relate
it to chemical composition changes in the near-in-
terface region that are usually attributed to oxygen

ion displacement processes at the cuprate surface,
leading, in particular, to strong suppression of su-
perconductivity in the upper layers (see the review
[9]). The most important thing for our purposes is
the correlation between the strength of
electromigration processes in LBCO (compared
with YBCO and LCMO) and the quasi-linear over-
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Fig.2. Temperature effect on the tunneling conductance
spectra for a La0.66Ca0.34MnO3/Ag point contact (a), a
LaBa2Cu3O7–x/Ag point contact (b), and a planar
junction between Cr and Ag films with a magnetic
chromium oxide as a potential barrier (c). Insets show
even parts of the differential conductance vs voltage
curves at lowest measured temperatures. Note the
dominating «V»-shaped background in all three
characteristics.



all behavior of the differential conductance, which
is known to serve as a fingerprint of the inelas-
tic-tunneling effect [7].

Next, we consider the validity of the assumption
of an oxygen-deficient near-interface layer created
after application of corresponding high biases to
the metallic injector and the existence of a magne-
tically active interlayer between the two electrodes
that strongly influences electron tunneling pro-
cesses across the transition region. It is believed [7]
that the layer appears because of the removal of
oxygen in the upper cuprate layers, which modifies
the doping of CuO2 planes and can thus lead to
long-range antiferromagnetic correlations between
localized Cu spins. An argument for such a supposi-
tion comes from the paper [7], where it was shown
that the anomalous b� �V contribution to the conduc-
tance spectra of a normal metal/YBCO junction
vanishes near the expected Neel	 temperature TN .
If we are really dealing with a magnetic barrier, the
same observation should be true for heterostruc-
tures with both perovskite oxides. For those with
LBCO we did not expect the oxygen removal to be
as great as in the YBCO/Pb specimens studied in
the work [7]. The reason is that Pb deposited on
the metaloxide surface strongly extracts oxygen
atoms, forming a PbOx barrier, but this does not
occur for noble metals such as Au or Ag, whose
standard reduction potential is known to be higher
than that for Cu2+. Hence, TN for a surface region
of LBCO should be somewhat lower than that
found before [7] for YBCO-based contacts with
Pb. The temperature effect on the linear slope of
� e V( ), i.e., on the coefficient b, is shown in Fig.3
for both structures. As to electromigration effects,
the basic behavior of b(T) for LBCO devices is the
same as in [7] for YBCO contacts, but the tempera-
ture values at which b decays are considerably
lower. It is important that b(T) for manganite sam-
ples goes to zero with increasing T as well (Fig.3).

Why do we interpret the anomalous (propor-
tional to � �V ) term in the conductance spectra as be-
ing a result of inelastic boson-assisted tunneling?
The standard theory of tunneling phenomena in
metal heterostructures that takes into account only
elastic transmission and the energy dependence of
the tunneling matrix element [4] predicts the qua-
dratic behavior (1). There are several possible rea-
sons why a term proportional to � �V can appear in
�( )V : the non-Fermi-liquid nature of the oxides
(the RVB model, the marginal Fermi-liquid hy-
pothesis, etc.) as well as extrinsic approaches [10].
Following the paper [7], we reject effects of an in-
trinsic nature for superconducting cuprates (be-

cause of the lack of any correlations between the
temperature effect on the superconducting parame-
ters and the coefficient b). The corresponding con-
tribution to the even conductance � e V( ) can ap-
pear as a result of inelastic processes [11]. It is

equal to F d
eV

( )
 

0
� and hence should be a linear

function of the bias V for a near-constant density of
bosonic states F( )
 (in the case of magnetic excita-
tions F( )
 is the dynamic susceptibility integrated
over the wave vector). That is precisely the case for
a normal YBCO compound [12] or an underdoped
high-Tc cuprate La2–xSrxCuO4 [13], where mag-
netic inelastic neutron-scattering data reveal spin
fluctuations in a large energy scale. We suppose
that the broad continuum of these excitations is the
origin of the unconventional linear term in � e V( ).
Small nonlinearities in � e V( ) for LMCO and Cr
oxide at voltages below 100 meV (the insets in
Figs. 2,a and 2,c) reflect fine structures in the cor-
responding F( )
 [11].

The last argument for our statement about the
magnetic nature of the enormous enhancement of
inelastic tunneling processes is provided by a direct
experiment with a junction in which an insulating
interlayer between metallic electrodes is known to
be magnetically ordered. For this purpose we have
fabricated planar heterostructures between Cr and
Ag thin films with a chromium oxide as a potential
barrier. Such junctions were studied thirty years
ago by Rochlin and Hansma [14], who showed that
under appropriate oxidation conditions an
antiferromagnetic Cr2O3 layer grows on the Cr
film. At low temperatures, in accordance with our
data for LCMO and LBCO, they observed a nearly
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Fig.3. Temperature behavior of the parameter b charac-
terizing the strength of the inelastic tunneling processes
for LCMO and LBCO based point contacts compared
with the data for a Cr–Cr2O3–Ag junction.



linear dependence of � e V( ) on V, with a fine struc-
ture that was related to phonon and/or magnon
excitations in the Cr2O3 barrier. Comparing these
findings with those for similar Al-oxide junctions,
the authors [14] concluded that the only significant
difference between two sets of experiments was the
magnetic behavior of Cr2O3 , which must be re-
sponsible for increasing the inelastic tunneling con-
tribution to the conductance of Cr–Cr2O3–metal
heterostructures. We have followed the preparation
procedure described by Rochlin and Hansma [14]
and reproduced their data for 4.2 K. Here we pre-
sent detailed temperature measurements of Cr–Cr
oxide–Ag junction characteristics with a special
emphasis on the anomalous � �V term in �( )V , re-
garded by us as an indication of inelastic tunneling
via magnetic excitations in the oxide layer. As can
be seen from Fig.2,c, this contribution is suffi-
ciently strong and determines the overall behavior
of the conductance background. We have plotted
the strength of the process, i.e., the value of the co-
efficient b versus temperature and compared it with
analogous curves for perovskite-based junctions.
From Fig.3 one can see a similar behavior of b(T)
for all three kinds of heterostructures. The abrupt
decrease of the parameter b with increasing tempe-
rature can be ascribed to the weakness of the spin
fluctuations.

To summarize, we have performed conduc-
tance-versus-voltage measurements involving both
cuprates and manganites, which we believe are im-
portant for deepening our understanding of the
charge transport in heterostructures formed by the-
se rather enigmatic materials. In the systems stu-
died a degraded surface layer with enhanced mag-
netic correlations can play the role of a potential
barrier, and in this case spin-assisted inelastic tun-
neling should strongly contribute to the charge
tunneling transmission. To demonstrate this with
independent experiments, we have fabricated pla-
nar junctions between Cr and Ag films with an in-
sulating Cr2O3 layer formed by oxidizing the Cr
film. This oxide in the bulk state is known to be
antiferromagnetic at low temperatures. Despite dif-
ferent materials, barriers and preparation methods,
the conductance spectra were found to be very simi-
lar, with an unusual � �V term in the background
dominating at low temperatures. Clearly, the only
common feature of the samples studied is a mag-
netic interface between two metals forming the
junction, and it is this that we suppose is responsi-
ble for the anomalous experimental findings. The
obvious similarities between the three different sys-

tems are not surprising because the underlying
physics behind the observed phenomena is expected
to be the same — an inelastic charge transmission
across magnetically active insulating layers.
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