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The authors report on colossal electroresistance �ER� in the ferromagnetic insulator manganite
La0.9Sr0.1MnO3. The single crystal samples exhibit a transition into a low resistive state above a
certain threshold current. Pulsed measurements demonstrate that this transition is not a consequence
of heating. ER behaves similarly to magnetoresistance �MR� above the orbital order temperature
TOO. Below TOO the MR is only 20% while ER enhances the conductivity by several orders of
magnitude. Magnetic field and electric current have opposite effects on the conductivity, therefore,
it seems that only the injected carriers are able to modify the ordering of eg Mn orbitals. © 2007
American Institute of Physics. �DOI: 10.1063/1.2745220�

Materials and composites based on mixed manganese
oxides �manganites� R1−xAxMnO3 �R=La, Pr; A=Ca, Sr� are
prospect candidates for electronic and/or magnetic devices.
Their potential for application is based on coupling of charge
and spin orders of freedom. The well studied phenomenon in
manganites is magnetoresistance �MR�, the magnitude of
which ranges from “giant” 10%–20% to colossal 108% in
charge ordered Pr1−xCaxMnO3, x=0.3–0.5.1 Recently, a
more debated phenomenon is electroresistance �ER�, i.e.,
nonlinear current-voltage �I-V� characteristics. Similar to
MR, the magnitude of ER varies in different compounds,
reaching equally colossal values in Pr0.7Ca0.3MnO3.2 ER and
MR are coupled, i.e., the voltage/current necessary to trigger
insulator-metal transition decreases with magnetic field.
Since this initial report in 1997, a significant number of pub-
lications report nonlinear I-V effects in manganites. Initially,
investigations were limited to materials with charge order
�CO� ground state. Different interpretations for these nonlin-
earities included depinning of CO state,3 depinning of charge
density waves,4 or change in the orientation of orbital order-
ing �OO�.5,6 Indeed, nonlinear effects were subsequently
found in materials without CO,7,8 undermining the interpre-
tation of “melting” of CO/OO states.

Recent reports tend to interpret the nonlinear I-V char-
acteristics in manganites as the consequence of Joule heating
due to large currents.9–11 In the case of resistive curves with
a maximum in R�T�, current localization on conductive paths
and self-heating was suggested to explain the concomitant
increase and decrease of resistance with increasing
current.12,13 However, abrupt switches between high and low
resistive states are also found in systems where heating can-
not explain the increase of resistance with increasing
current.14

To elucidate the relationship of CO/OO order, magne-
tism, heating, and I-V nonlinearities in manganites, we have
studied La0.9Sr0.1MnO3, a system that is a ferromagnetic in-
sulator with charge/orbital ordering.15 The parent compound
LaMnO3 is a paramagnetic insulator that at T�140 K orders

antiferromagnetically. By hole doping �by divalent ions such
as Sr2+� it is possible to change the ground state from insu-
lating to metallic. For La1−xSrxMnO3 this happens for
x�0.175,15 with the ground state being a ferromagnetic
metal. On the contrary, the title compound �x=0.1�, despite
ordering ferromagnetically at Tc�150 K, remains insulating
in the whole temperature range. The x-T phase diagram of
low-doped �x�0.175� La1−xSrxMnO3 exhibits several struc-
tural and magnetic transitions,16 with a much debated ground
state.17–20 Recent reports seem to agree that OO is respon-
sible for the insulating behavior of La0.9Sr0.1MnO3 despite its
ferromagnetism.21,22 The character of the different phase
transitions in manganites is an important point of debate.
First order transitions are usually related to colossal values of
MR and to metal-insulator transitions strongly coupled to
structural rearrangements where Jahn-Teller distortions
and/or orbital order are present. In the results presented here,
all these ingredients are there but the transition is promoted
by carrier injection, leading to huge ER but not by an exter-
nal magnetic field.

Single crystals of La0.9Sr0.1MnO3 were prepared by the
floating zone technique.23 Transport measurements were per-
formed with several different models of current sources and
voltmeters in order to eliminate the possibility of experimen-
tal artifacts. At low temperatures where the resistance di-
verges �T�70 K� I-V curves were taken in constant voltage
mode, i.e., measuring current. In the range 70�T�300 K,
dc measurements �in constant current mode and in agreement
with the constant voltage mode near 70 K� were accompa-
nied by pulsed measurements �pulse width of 0.5 ms�. Mag-
netization measurements and resistivity in magnetic field are
carried out in Quantum Design magnetic property measure-
ment system �magnetometer� and physical property measure-
ment system, respectively.

Figure 1 shows a typical I-V curve taken at T=77 K.
The sample is immersed directly into liquid nitrogen in
order to minimize Joule heating. Current cycle was
I=0→ Imax→−Imax→0 �black points�. The I-V curve departs
from linear Ohmic behavior for rather low currents, and at
the threshold current It exhibits a sharp transition from high
resistive �HR� to low resistive �LR� state. With current de-a�Electronic mail: biskup@icmm.csic.es
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creasing back to zero, the sample stays in the LR state down
to smaller values of current, resulting in a large hysteresis.
This suggests that current history influences the resistive
state of La0.9Sr0.1MnO3. In addition, Fig. 1 also shows an I-V
curve for separate pulses of dc current �red diamonds�. These
data are taken instantaneously after current switch on
��t�10 ms and 2 min passed between each current switch
on�. Similar to the uninterrupted current cycle, this I-V curve
shows a clear distinction between the high resistive
�I�4.9 mA� and low resistive �I�5.7 mA� regimes. Be-
tween these two currents, there is a region �dashed lines�
where the sample can be either in the high or low resistive
state. This narrow region is always situated exactly at the
center of hysteresis of the continuous current cycle, indicat-
ing that first order HR→LR transitions depend not only on
electric current history �sweeps� but also on charge/spin/
orbital order before each current pulse. Note also that the
scattering of voltage in the LR state �diamonds, I�5.7 mA�
reaches up to 50%. Therefore, the trigger for HR→LR tran-
sitions seems to be current rather than voltage. This is in
accordance with the different sets of our I-V measurements
�not presented here� and in contrast with nonlinear conduc-
tion in charge/spin density waves �C/S�DWs. The conduction
of �C/S�DW is triggered by an electric field �voltage� which
is determined by its pinning mechanism.24 Thus, in spite of
CO/OO in our material, density wave conduction does not
seem to be responsible for nonlinear conduction in
La0.9Sr0.1MnO3. Our second important finding is that the ab-
solute values of It in continuous current cycles can scatter by
as much as a factor of 2. In two additional immersions into
liquid nitrogen, the same sample showed identical I-V curves
below It but different threshold currents, It=11 mA and
It=12 mA. Analyzing dc and pulsed results obtained by dip-
ping the sample in a liquid nitrogen bath we can conclude
that the HR→LR transition is not caused by Joule heating
since the incoming power P= IV is found to be unconnected
to the values of the threshold current. The observed differ-
ences in HR→LR transitions, as well as the large hysteresis
�Fig. 1�, are very probably related, on one hand, to the cool-
ing process and, on the other, to the character of the current
induced transition. From 300 down to 77 K the sample suf-
fers several transitions, at least one magnetic transition
around 145 K and, at 100 K, a first order transition to an

orbital ordered phase. The immersion into liquid nitrogen
probably quenches the disorder of ferromagnetic/OO do-
mains which results in different values of It. It is observed
that slower cooling leads to higher It.

In order to follow the temperature behavior of
HR→LR transitions we have performed pulsed measure-
ments up to room temperature. Figure 2�a� shows the depen-
dence of the resistance R=VI measured in pulses at tempera-
tures from 120 to 180 K. HR→LR transitions at I= It are
indicated by arrows. The amplitude of these discontinuous
transitions drastically diminishes above the ferromagnetic or-
der temperature �TC=145 K�, emphasizing their relation to
the ferromagnetic ordering. Figure 2�b� shows the behavior
of the threshold current It versus temperature. Two sets of
measurements are presented: at high temperatures, the
threshold current is measured in pulse technique �red points�
and at low temperatures in dc technique �black diamonds�.
The blue line corresponds to the temperature behavior of
“Ohmic” conductance Y =1/R, i.e., for I� It. It follows
Ohmic conductivity, reducing its magnitude by several or-
ders of magnitude at low temperatures, which agrees with an
electric current rather than voltage as the trigger to
HR→LR transitions.

Figure 3 summarizes nonlinear effects in La0.9Sr0.1MnO3
�both MR and ER� and compares them with the magnetic
behavior. The magnetic susceptibility measured at 1000 Oe
after zero field cooling �Fig. 3�a�� and its derivative show the
bulk ferromagnetic transition, �at T=145 K� and the orbital
ordering �at T�100 K�, which is accompanied by a mag-
netic rearrangement of the spins. In Fig. 3�b�, continuous
blue and black lines represent the temperature behavior of

FIG. 1. �Color online� I-V characteristic of La0.9Sr0.1MnO3 at T=77 K.
Black points: I=0→ Imax→−Imax→0 current sweep. Arrows denote the di-
rection of current sweep. Red diamonds: voltage for time separated ���p
− p�=2 min� current pulses. Lines are guides to the eyes for the HR and LR
regions.

FIG. 2. �Color online� �a� Resistance R measured with current pulses ��t
=0.5 ms� as a function of current at temperatures given in the figure. Arrows
indicate HR→LR transition. �b� Threshold current �It� vs temperature. Red
points and black diamonds stand for pulsed and dc measurements, respec-
tively. Blue line shows Ohmic conductance Y =1/R.
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the HR state resistance for B=0 T and B=8 T, respectively.
Points denote LR state resistance taken from pulsed mea-
surements �Fig. 2�. The slope of the resistance at 0 T evi-
dences the effects of the ferromagnetic order �strong reduc-
tion of the activation energy EA� and also that of the OO by
a sharp increase of EA. The effect of the magnetic field on the
resistance �R�8 T�� is what is typically seen in manganites
above TOO but produces a positive magnetoresistance around
the OO phase transition temperature. At last, at the lower
temperatures, a very small negative MR �about 20%� is ob-
served, quite contrary to the colossal MR observed in
Pr1−xCaxMnO3. The explanation for the MR behavior is still
unclear but it seems that the magnetic field reinforces the
shifting of the orbital order TOO to higher temperatures
�Fig. 3 and Ref. 20� and thus increasing the resistance. The
current induced LR state resistance behaves identically to the
resistance at B=8 T for temperatures above TOO which sup-
ports the equivalence of magnetic field and electrical current
on transport properties in La0.9Sr0.1MnO3 at high tempera-
tures. Both parameters lead to a large increase of the conduc-
tivity around TC up to one order of magnitude. The important
difference arises at T�TOO. While MR is smaller than 20%,
carrier injection produces a reduction of the resistance of
several orders of magnitude. Therefore colossal values of the
ER are obtained where the resistance is almost insensitive to
an external magnetic field. A possible explanation is that this
colossal ER is due to the ability of the injected carriers to
destroy or alter locally the orbital order while hopping from

one Mn site to another. The hysteresis evidenced in Fig. 1
supports the idea that current is able to promote a different
phase and that this transition may be of first order, rather
than that only a local perturbation of the Mn eg orbitals is
occurring.

In summary, we have shown that a current induced elec-
tronic transition in La0.9Sr0.1MnO3 is probably of first order
and leads, below TOO, to a metallic-like state, producing re-
sistivity reduction of several orders of magnitude. This is in
contrast with the effect of magnetic field that enhances the
resistivity in the vicinity of TOO. ER and MR behave simi-
larly in the ferromagnetic state above TOO.
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FIG. 3. �Color online� �a� Black line: magnetic susceptibility � after zero
field cooling measured in B=0.1 T. Red dashed line: d� /dT. �b� Tempera-
ture dependence of normalized resistance: B=8 T �black line� and B=0 T
�blue line, with hysteresis� for I� It. Points: B=0 T for I� It.
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