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The study results of the tunnel conductance of heterostructures formed by a silver tip
and a doped Ag/La; 5;Ca; 43sMNO; manganite in the voltage region above manganite phonon
and magnon frequencies are presented. Three maxima have been observed at energies
corresponding to the peaks in the Raman spectra of LaMnO,. It is supposed that the
maxima are due to the interaction of tunneling electrons with excitations in the orbital
subsystem of a degraded region nearby the metal-manganite interface.

IIpencTaBiieHb pe3yJabTAThl MCCAELOBAHUN TYHHEJILHON IMIPOBOAUMOCTH TI'€TEPOCTPYKTYP,
00pa30BAHHBIX CEPEOPAHBIM OCTPHUEM M JEIMPOBAHHBLIM MAHIAHHUTOM Ag/La0157Ca0,43Mn03, B
obsacTy HAIPSKEHUN Beille (OHOHHBIX M MATrHOHHBIX YacTOT MaHrauuToB. OOHAPYIKEHBI
TPY MAKCHMyMa IIPW 9HEPIHUAX, COOTBETCTBYMIOIIMX IHKAM B CIIEKTPAX KOMOWHAIMOHHOIO
paccearns LaMnO,. IIpegnosaraercs, 4To yKasaHHbEIE MAKCHMYMBI 00yCIOBJIEHBI B3AMO/Iel-
CTBHEM TYHHEJHPYIOIIUX JJEKTPOHOB C BO30YKICHUAMU B OPOMUTAJBHOM IIOACHCTEME Ierpa-
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IUPOBAHHOM o0sacTH, HPUMBIKAMOINEl K mHTEep(deiicy MeTayJ — MaHIaHUT.

The interest arised to ferromagnetic het-
erostructures based on La,_,Ca MnO; type
manganites due to discovery of Giant mag-
netoresistance (GMR) in such systems.
From the fundamental and practical point
of view, the GMR dependence on the volt-
age applied to the tunnel contact is of inter-
est. The scattering on magnetic excitations
in a tunnel barrier which invert a spin and
thereby inhibit the effect is supposed to be
possible mechanism responsible for this ef-
fect. Actually, to substantiate the assump-
tion about the connection of the voltage
GMS dependence with intensity of inelastic
processes in the barrier, it is necessary to
reveal and investigate the presence of exci-
tations with high energies (above 100 meV)
inside the barrier or in a near-barrier re-
gion. It is assumed that the scattering on
phonons, and other quasi-particles (mag-
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nons, etc.) may play noticeable part in the
GMR suppression, besides magnetic proc-
esses.

Strongly correlated systems, such as
manganites possessing colossal magnetore-
sistance and high temperature superconduc-
tors, are promising from the viewpoint of
orbital wave observation, because they con-
tain the transitional metal ions for which
the orbital degree of freedom is of impor-
tance [2, 3]. The orbitally ordered states
were discovered in a some transitional
metal compounds [4, 5], and orbitons was
theoretically predicted for LaMnO5 [6, 7]. In
this work, the tunnel spectrums of bulk
Lag 57Cag 43MnO5 (LCMO) polycrystals were
studied.

The experimental LCMO samples have
been obtained by standard solid-phase syn-
thesis from the initial rare-earth element,
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calcium and manganese oxides at the syn-
thesis temperature T, = 1200-1250°C in air
with the repeated grinding, pressing, and
annealing. As a potential barrier to the tun-
neling electrons, the natural oxide layer
arising on the manganite surface was used
[8]. Oxidation was conducted at the natural
cooling in a laboratory furnace down to
room temperature. The metallic injector in
the studied manganite heterostructures was
a pointed silver wire pressed against the
sample with a force that could be regulated
by an adjusting mechanism. Measuring the
first derivative of current-vs-voltage char-
acteristics I(V) of the tunnel contacts on
voltage o(V) = dI(V)/dV was carried out by
a standard modulation method in the preset
voltage mode.

The tunnel spectroscopy of bosonic exci-
tations in non-superconductive metals [9] is
based on the fact that odd part of differen-
tial conductivity ¢ (V) = (c(+V)-o(-V))/2
of a metal-insulator-metal tunnel contact at
temperatures near to zero is in proportion
to real part o(®) of electronic excitations in
the conductor. It is supposed that the inter-
action of electrons with bosons in other me-
tallic plate can be neglected:

o_(V) = —acgRec(eV)/gp. (1)

Here 63 = o(V = 0) is the conductivity in
zero voltage; e, the Fermi energy, dimen-
sionless constant a~1 [9]. The physical na-
ture of formula (1) is defined by two fac-
tors: first, by the dependence of dielectric
layer transparency in MIM transition on the
energy ® of electron tunneling therethrough
[9] and second, by the dependence of elec-
tronic state density in the conductor under
investigation on ® [10]. While in ordinary
metals, the main contribution to ¢ (V) is
related to the first factor [9], in the case of
manganites, dominant is the energy-depend-
ent variation of their electronic charac-
teristics due to the relatively low values of
Fermi energies 5. The estimation of g5 in
the framework of free electron gas model
gives for alloyed manganites, showing the
colossal magnetoresistance effect, a value
not exceeding few hundreds meV [11, 12].
Formula (1) allows to calculate from experi-
mental ¢ (V) dependence the imaginary part
o(m), and then to determine the electron-
boson interaction function (see [9, 10]):
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Fig. 1. Barrier characteristics of Ag hetero-
contact with a Laj 5;Cay 4sMNnO4 film sample.
The hetero-contact resistance R(V = 0) = R,
is 300 Q, the measurement temperature
77 K. The points indicate the voltage ranges
where the theoretical amd experimental data
are in agreement.

(2)

2 0
2(0) = WEp J‘dc_(V) av
0

acgr? | AV 2 - (eV)2’

Formula (2) makes it possible to recon-
struct the electron-boson interaction func-
tions g(w) for the studied objects and to
calculate the values of the corresponding

constants A = 2_[g(0))d(n/(n.

It has been shown [13] that in tunnel
contacts, the electron transfer is carried out
by elastic under-barrier tunneling through
the localized states inside the barrier; this
results in the power nonlinearity of amor-
phous layer volt-ampere characteristics: I(V)
~ V73 and the tunnel conductivity vari-
ation is described as o(V) ~ V4/3 [14]. For
the studied Ag-Lag 57Cag 43MnO5 system, an
agreement with the theory is observed in a
wide region of self-energy excitations and
extrinsic contributions (up to 130 meV)
(Fig. 1).

For the System Lao_57cao_43MnO3, the re-
constructed spectral characteristics of elec-
tron-phonon interaction g(w) are presented
in Fig. 1. The area of self-energy excita-
tions (which reflects the tunnel barrier
properties) spreads up to 100 meV. The
most clearly expressed singularities of this
area are demonstrated in the spectra of pho-
nons and magnons. Comparison of the sin-
gularity sites in the phonon and magnon
spectra shows a good agreement with the
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Fig. 2. The electron-bozon interaction func-
tion g(w) for Ag hetero-contact with a
La, 5,Caj 43sMnO4 bulk sample derived from
the odd part of differential conductance. The
sites of main peaks in the Raman spectrum of
LaMnO; are shown by arrows [1, 15, 16]. The
hetero-contact resistance R(V =0) =R, is
300 Q, the measurement temperature 77 K.

results of optical
Lag 7Cag 3MnO;5 [15, 16].

In [1], the features of LaMnOgj; optical
spectra were discussed in the 120—-170 meV
range, the peaks in this area being supposed
to be connected with the display of orbital
excitations. The voltage positions of three
basic peaks in this interval of a tunnel spec-
trum (see Fig. 2) agree very well with simi-
lar three singularities in the Raman spec-
trum of LaMnO5; with energies 125, 145 and
160 meV [1] and, accordingly, can be ex-
plained by interaction of tunneling elec-
trons with excitations in the orbital subsys-
tem. As for maxima at energies exceeding
160 meV, those are probably the phonon
satellites of the orbital excitation area [16].
In our opinion, the above-mentioned fea-
tures hardly can be explained by mul-
tiphonon processes, since even in tunnel de-
seriptions of such strong-constrained super-
conductors as lead, the latter show
themselves as a rather weak nonlinearity
[18]. Finally, if a very strong electron-pho-
non interaction with a certain mode in the
oscillation spectrum of lattice exists in the
investigated manganites (that is possible in
principle), then the observed features would
be the harmonics of the same frequency,
that is not observed in our experimental
curves.

experiments  for

304

To conclude, it is to note that the orbital
strain waves observation in the orbitally-or-
dered electron subsystem of manganites
using the effect of electron tunneling opens
new possibilities for research of this phe-
nomenon under varying external conditions,
for example, magnetic field, that will allow
to investigate the orbiton interaction with
other quasi-particle excitations in strongly
correlated electronic environments.

Authors thank U.A.Kolesnichenko for
useful discussions and valuable remarks.
This work was sponsored by Ministry of
Education and Science of Ukraine (Grant #
F25/147-2008).
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IIposar myasTH(POHOHHOI CTPYKTYpPH i OpPOiIiTOHIB
Yy TYHEJIbHHUX CIIeKTPaX MaHTaHITIiB

B.M.Céucmynos, B.M.J/Ieonoeéa,
M.O.Binozonoscvruii, I0.®.Pesenko

IlpexcraBieHo pesyabTaTH AOCIiIMKEHb TYHEJIbHOI IIPOBiJHOCTI reTrepocTpyKTyp, yTBOpEe-
HUX CcpiOHUM BicTpaAM i JieroBaHMM MaHTaHiTOM Ag/LaO,57CaO‘43Mn03, B obJsacTi Hampyr
BuIle (DOHOHHUX 1 MAarHOHHUX YACTOT MaHTaHIiTiB. 3HalifleHO TPU MaKCUMyMU IIPU eHeprifdx,
BiIMOBIAHMX MiKaM y cmeKTpax KOMOiHAIiHOTO po3cifgHHA LaMnO3. ITepenbauaeTbes, 110 BKa-
3aHi MakKcUMyMH OOYMOBJIEHi B3a€MOJI€I0 TYHEJIOIOUNX eJEeKTPOHIB i3 30ym:KeHHAMU B OpOi-
TaJbHiN TmigcucTemi gerpamoBamoi o6JacTi, 10 IPUMUKAE OO0 iHTepdelicy MeTaJ] — MaHTaHiT.
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