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Abstract

High-resolution synchrotron powder diffraction, in the presence of an ap-
plied current, has been used for studying the stability upon current biasing
of the charge ordered phase in the manganese oxides NdggCap4MnO3 and
Prgg3Cag.37MnOs. We demonstrate that the charge ordered structure is un-
changed when a current (I, = 10mA) is flowing through the sample. Such
a result clearly indicates that the non-linear conduction observed in charge
ordered manganites can not be ascribed to a current-induced destabilization

of the long-range charge ordering.
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Rare earth manganites with general chemical formula R;_,A,MnO3 (R and A are triva-
lent rare-earth and divalent ions, respectively) show a wide variety of electronic and magnetic
properties such as colossal magnetoresistance, Mn®**/Mn** charge ordering (CO) and/or or-
bital ordering (O0O).1 3 The physics of the destabilization of the CO by different types of
external perturbation has recently been under very active investigation.* ' So far,it is well
established that the CO is stabilized by lattice distortions. Thus, a change of this distor-
tion by tuning the average-A-site cationic radius can alternatively weaken or reinforce the
CO.'2 Besides, it has been reported that irradiation by X-rays® or light!! and application

™9 or magnetic field® can also induce a melting of the CO, leading to a tran-

of pressure
sition from a charge-localized (CL) to a charge-delocalized state (CD). Application of an
electric field is also known to induce a CL-CD transformation ; this latter feature is always
associated with a strong non-linearity of the tension-current characteristics (V-I).10:13716

Up to now, it is not clear whether the underlying mechanism at the origin of this transi-
tion is the same for all perturbations, in particular for the electric field induced transition.
In the latter case, this feature is interpreted in terms of current induced destabilization
of the long-range CO state leading to the creation of conducting paths along the current
flow.1%13716 Recent experimental results do not agree with such a current-induced CO melt-
ing scenario. Indeed, electrical measurements, performed on the ferromagnetic non-charge
ordered compound PrjgCag2MnOs, also exhibit a current induced CL-CD transition associ-
ated with a strong non linearity of the V-I characteristics.!” In such a case, the destruction
of the CO can not be invoked, suggesting that the mechanism is more complex than the one
initially proposed. In this paper, we present an alternative way to reinforce this hypothe-
sis, consisting in measuring the crystal structure of a typical charge ordered material under
application of an electric current.

The antiferromagnetic manganites Prgg3Cag37MnOs and NdyCapsMnOs have been
measured by synchrotron powder diffraction (SPD) techniques. Details for synthesis of
the samples are reported elsewhere.!® Measurements have been performed as a function of

both temperature (100-295K) and current (0-10mA) on the high-resolution powder diffrac-
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tion beamline ID31 at ESRF (Grenoble, France) using an incident wavelength of 0.413 . The
samples appeared as rods of compacted powders whose typical sizes ( 1 x 2 x 3mm?) allowed
an homogeneous sample cooling together with a suitable beam transmission. Improved pow-
der averaging was achieved by oscillating the sample. Two indium contacts were soldered
onto the 1 x 2mm? section of the sample, leaving an uncovered 2 x 3mm? section facing the
synchrotron beam of 0.8 x 1.5mm? size. V-I data were taken with current biasing using a
Keithley 236. In addition to patterns collected on the compacted powder samples, data ac-
quisition was also performed in the usual way (fine powder of the same compounds enclosed
in 0.5mm diameter spinning capillaries). In this latter case, the better powder averaging
considerably increases the statistics and thus the accuracy in structure determination. All
our X-rays diffraction patterns have been analyzed using the Rietveld method.

At room temperature, both compounds display the commonly observed double perovskite
structure with orthorhombic cell, a ~ ap\/§, b ~ 2a,, c ~ ap\/§ and Pnma space group
(here, a, denotes the perovskite lattice parameter). At 100K, both compounds exhibit
(h/2, k,l)-type superstructure peaks induced by the unit cell doubling along the a-axis (see
figure 1). Such a crystallographic phase transition is associated to the long-range ordering
of the Mn3* and Mn** species occurring in R;_, A, MnOs-type manganites.' ?! From both
temperature dependent data collection and in situ resistivity measurements, we precisely
determined the charge ordering temperatures Too=235K and 240K for Prgg3Cag37MnOs
and NdggCag4MnOs, respectively. Refinements of the CO phase were performed according
to the constraint model initially proposed by Radaelli et al. for LagsCagsMnO32°.

High resolution X-ray scattering measurements in the presence of an applied direct cur-
rent would permit to determine unambiguously whether the current induced CL-CD transi-
tion associated with the non-linear V-I characteristics can be linked to a destruction of the
long-range CO. A strong non-linearity i.e. a deviation from the Ohm’s law, is observed when
the bias current attains a threshold value for Prgg3Cag3sMnOs and NdggCag4MnOs. This
non-linearity is even more obvious when —=2— vs I curves are plotted (Ropmic = R(I — 0))

Rohmic

(See figure 2a and 2b). As expected the resistance is independent of the bias current in
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the ohmic regime and strongly decreases above a critical current value.?? Looking at figure
2, a rough estimate for the critical values of the current gives I, = 4 mA and 2 mA for
Prg.¢3Cag.3yMnO3 and Ndg ¢Cag4MnOg, respectively.

So far, we have evidenced for both samples the onset of a single long-range CO phase
at 100K as well as a deviation of the ohm’s law above a given applied current. In order
to unambiguously determine wether the non-linear conduction above I. is related with any
complete or partial CO melting process, we have collected SPD data under application of an
electric current up to 10 mA. Wahtever the applied current, the CO phase remains unchanged
as can be seen from the constant behavior of the CO superstructure peaks intensity (see

Insets of figure 2) and/or width (see figure 3).

Moreover, for T<T¢p, it is worth noting that a comparison of the current and thermal
dependence of the unit cell volume, rules out any Joule heating effect in our data acquisition
procedure (See figure 4 for NdyCap4MnOs3). Indeed, no evolution of the unit cell volume
is observed as a function of the applied current (Imax = 10 mA, well above I.) whereas, in
the range of temperature above 100K, a steep increase is observed with zero biased current.

Our SPD results do not give a direct interpretation of the non-linear conduction effects,
but at least, discard any destabilization of the long- range CO as the origin for this feature.
Other interpretations, based on a preserved superstructure when a current is flowing, should
now be proposed. The system behaves in such a way that the bias current may generate
metallic path giving rise to resistivity drop. One can describe this feature by considering
coexistence of localized and delocalized electron states with independent path of conduction.
This situation is analog to what occurs in charge density waves systems.?* In charge ordered
compounds, observation of non-linear conduction setting in along with a large broad band
noise suggests that the charge ordered state gets depinned at the onset of the non-linear
regime.?>15 Besides, the possibility of a charge density wave (CDW) condensate in this
charge ordered regime of the manganese oxides is now well established.? 27 Recently, we

have proposed an analogy with CDW systems has been proposed.?? The non-linear transport



properties are explained by the motion of charge density waves, which carry a net electrical
current, superimposed to the poorly mobile carriers of the system, when the current reaches
a critical current necessary to overcome the pinning forces acting on the CDW condensate.

In conclusion, the stability of the charge ordering upon current biasing has been studied
for compounds Prgg3Cag37MnO3 and NdggCag4MnO3. High resolution X-ray diffraction
patterns have been collected simultaneously with electrical measurements. It is shown that,
despite the occurrence of a strong non linear conduction, the superstructure peaks associated
to the long-range ordering of the Mn3* and Mn** species are not modified by current biasing.
This implies that the long-range charge ordering in manganites is not destroyed when a

current in flowing in the sample.
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I. FIGURES CAPTIONS

Figure 1 : Observed, calculated and difference patterns of NdggCag4MnO3 at 100K with
zero bias. Here, SPD data were collected on powder capillary. Inset : (121) (a) and
(123) (b) CO superstructure peak region measured at 100K (solid line) and 295K

(symbols) an compacted powder of the same compounds.

Figure 2 : Rof — versus bias current at 100K for NdggCagsMnOs (a) and
Pro63Cag37MnOs (b). The arrow denotes the estimated treshold. current. Insets :
Integrated intensity of the superlattice peaks as a function of the bias current at 100K.

The arrows denote the occurrence of the non-linear regime.

Figure 3 : Portion of the x-ray diffraction patterns for NdggCap4MnO3 at 100K with bias

0 mA, 1 mA and 5 mA in the region of the (123) superlattice peak.

Figure 4 : Cell volume versus temperature for zero bias (filled symbol, lower scale) and

cell volume versus bias current at 100K (upper scale)
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