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Emergent reversible giant electroresistance in spacially
confined La0.325Pr0.3Ca0.375MnO3 wires∗
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Micro-patterning is considered to be a promising way to analyze phase-separated manganites. We investigate resis-
tance in micro-patterned La0.325Pr0.3Ca0.375MnO3 wires with width of 10 µm, which is comparable to the phase separation
scale in this material. A reentrant of insulating state at the metal–insulator temperature Tp is observed and a giant resistance
change of over 90% driven by electric field is achieved by suppression of this insulating state. This resistance change is
mostly reversible. The I–V characteristics are measured in order to analyze the origin of the giant electroresistance and two
possible explanations are proposed.
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1. Introduction
Perovskite manganites have attracted much attention dur-

ing the last two decades for their novel properties, such as
colossal magnetoresistance (CMR), charge ordering,[1–3] and
phase separation.[4,5] The interplay between charge, spin, and
lattice in these compounds leads to a very rich phase diagram,
which is usually highlighted by coexistence of ferromagnetic
metallic (FMM) and charge-ordering insulating (COI) phases
in a wide temperature region. This phase separation phe-
nomenon is considered to be crucial for the electric and mag-
netic properties in these materials. For instance, the novel
CMR is due to an enhanced FMM phase percolation through
COI phase by applied magnetic field, and thus a giant de-
crease in resistance takes place. As reported in the litera-
tures, phase-separated manganites were analyzed directly by
magnetic force microscopy (MFM)[6–9] and scanning tunnel-
ing microscopy (STM),[10,11] which presented evolution of
the phase separation state with temperature and applied elec-
tric and magnetic field. In most cases, the scale of phase
separation is in nanometer scale.[10,12] However, micrometer-
scale phase separation of FMM/COI phases was observed in
some narrow-band systems.[6,8] For A-site doping by ions with
smaller radius in ABO3-type perovskite manganites, band
width is reduced and coexistence of large domains is pos-
sible. This phenomenon has brought about intense interest
in such materials, where it is possible to detect the behav-
ior of isolated domains by confining the sample dimension
to the phase separation scale. Novel features hidden by av-
erage effect may show up in these micro-structures. Using this

method, a number of notable results have been reported.[13–18]

Sharp jumps of resistance were observed in 1.6-µm-wide (La,

Pr, Ca)MnO3 (LPCMO) wire.[14] The I–V curve of (Pr, Sr,

Ca)MnO3 (PCSMO) wires with width of about 1 µm presented

step-like nature.[15] The first-order metal–insulator transition

(MIT) showed fluctuations in LPCMO wires with width of

10 µm.[17] All of these results point to percolative conductance

introduced by single domain percolation. Reentrant of insu-

lating state was observed at temperature lower than the typi-

cal metal–insulator transition in 10-µm wires of LPCMO and

(La, Ba)MnO3 (LBMO),[16,18] which is much different from

that in bulk or films. The modulation of such reentrant insu-

lating state was performed by applying magnetic field in these

manganite wires,[16] which indicates that the micrometer-scale

phase separation in these materials may play a crucial role.

In this work, we perform measurements on 10-µm-

wide La0.325Pr0.3Ca0.375MnO3 wires fabricated from epitax-

ial films. A reentrant of insulating state is observed below

the typical MIT temperature Tp. By applying electric field,

the reentrant insulating state is suppressed and finally dimin-

ished. This electric field suppression of the insulating state

leads to giant resistance decrease. By measuring I–V char-

acteristics, two possible tunneling mechanisms are proposed

relating to two types of conduction barriers. Resistance fluc-

tuations in this reentrant insulating state are also analyzed at

different voltages.
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2. Experimental details
La0.325Pr0.3Ca0.375MnO3 (LPCMO) thin films with thick-

ness of 90 nm were deposited on (001)-LaAlO3 (LAO) sub-
strate by pulsed laser deposition (PLD). The deposition tem-
perature was 800 ◦C, while the energy of laser pulses was
450 mJ with a repetition rate of 2 Hz. The films were deposited
in oxygen atmosphere with a pressure of 60 Pa. After depo-
sition, the films were annealed at 540 ◦C for about 40 min in
1 atmosphere oxygen. Film characterization by X-ray diffrac-
tion (XRD) is shown in Fig. 1(a), which shows well c-axis epi-
taxial growth with no detectable impurity phase. Wires with a
dimension of 10 µm × 50 µm were fabricated on the thin films
by ultraviolet lithography and argon-ion milling. Electrical
leads were attached to electrodes by using conducting silver
paste. Optical micro-photography of the device is shown in
Fig. 1(b). There are two separated wires on one chip. Van der
Pauw method and standard four-probe method were employed
for electric transport characterization of the films and wires,
respectively, with a probe constant current of 10 nA. Two-
probe method was used for analysis of the resistance change
driven by electric field and I–V characteristics.
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Fig. 1. (color online) (a) XRD pattern of the deposited film. (b) Optical
photography of the patterned device.

3. Results and discussion
3.1. Reentrant insulating state in micro-wire

Resistance versus temperature curves were measured
upon cooling before and after wire patterning. As shown in
Fig. 2, the normalized resistance (R/R290 K) of the wires is

very similar to that of the film above 110 K, indicating no ob-
vious material degeneration during the micro-patterning pro-
cess. However, a reentrance of insulating state shows up below
110 K and a re-emergent MIT happens with a sharp resistance
jump at 91 K in one of the wires, while nothing is observed in
the other one. We have prepared a number of samples and the
reemergent MIT peak is only observed in some of them. Also,
the resistance peak temperature Tp varies from one sample to
another. This reentrant phenomenon appears, at first glance, to
be surprise since it is only seen in some of the wire samples.
However, we suggest that it may be understood by taking the
phase separation into account. According to the phase separa-
tion picture, the LPCMO is strongly phase separated in a large
temperature region. In the 10-µm wires, single FMM domain
in this stage is too small to dominate the wire conductance, so
resistance still shows a collective feature. No sharp resistance
drop, as reported in confined LPCMO with narrower wire di-
mension of 0.6 µm and 1.6 µm,[14,19] would take place. As
temperature decreases, the FMM domains enlarge to across
several micrometers and dominate the conducting path[8] and
the wire resistance drops quickly. At this stage, a residual COI
domain or a boundary between FMM domains with different
spin-polarized directions would act as conduction barriers and
bring about a reentrance of insulating state in the wire. We
believe that the variety of reentrant insulating state in differ-
ent wires could be understood by considering the random spa-
cial distribution of the phase-separated domains in the wire
samples. Such a reentrant insulating state is also reported in
other spatially confined manganites.[16,18] The wire resistance
varies a lot with the measurement cycles in Ref. [18], which
was attributed to random emerging of COI domains. How-
ever, in our wire samples, resistance is roughly reproducible
with repeated measurement runs. It indicates a local memory
effect of the conduction barriers, which may be related to crys-
talline defects as demonstrated in similar materials by MFM
mapping.[7,9]
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Fig. 2. (color online) Normalized resistance (R/R290 K) versus temper-
ature of the film and the micro-patterned wires on the same chip. Inset:
zoom-in on the reentrant insulating state with thermal hysteresis.
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3.2. Giant resistance change driven by electric field

Electric field driven effect of this reentrant insulating state
in wire II is analyzed by varying the probe voltage applied to
the wire. This reemergent MIT is suppressed with increas-
ing probe voltage and totally vanishes at a voltage of 30 V,
as shown in Fig. 3(a), while the resistance of the typical MIT
peak of manganites does not change much and even increases
a little. This slight increase in resistance may be due to heat
effect for the narrow conductance path in this stage. The gi-
ant electroresistance is over 90% at 93 K as the applied volt-
age varies from 0.2 V to 30 V. The resistance suppression is
with small steps at relatively small voltages (1 V and 2 V). To
characterize this electric field driven collapse of the reentrant
insulating state, the I–V curve is measured at 100 K and the
normalized dynamic conductance G/G0, where dynamic con-
ductance G = dI/dV and G0 is the dynamic conductance at
zero bias, is calculated, as shown in Fig. 3(b). The I–V curve
is nonlinear and mostly reversible with a small hysteresis at
high voltages. The decrease in G/G0 at voltages larger than
15 V may be due to thermal effect by current heating, which
corresponds to the resistance hysteresis in the I–V curve at a
relatively fast voltage sweeping rate of 0.3 V·s−1.
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Fig. 3. (color online) (a) Resistance versus temperature at different volt-
ages. (b) I–V characteristics (left axis) with calculated G/G0 (right
axis).

In another wire with the same dimension, the reentrant
insulating state is much more significant than that in wire II,
which indicates that a stronger conduction barrier exists in the
wire. Similar voltage driving measurements and I–V charac-
teristics were performed at 77 K. Results are shown in Fig. 4.

It shows a very similar collapse of the reentrant insulating state
with applied external electric field. The I–V curve is nonlinear
and totally reversible, while G/G0 appears to be very different
from that in wire II.
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Fig. 4. (color online) (a) Resistance versus temperature at different volt-
ages in another wire. (b) I–V characteristics (left axis) with calculated
G/G0 (right axis).

It was reported that electric field could induce insulat-
ing phase melting into metallic phase and cause significant
resistance reduction,[20–22] in which a big hysteresis of the I–
V curve is expected.[23] The approximate reversibility of the
I–V curve in both wires indicates that the electric field in-
duced collapse of the insulating state is dominated by tunnel-
ing through conduction barriers, but not the first-order phase
transition. Two possible types of such conduction barriers are
shown in Fig. 5. In strong phase separation region, a large COI
domain may block the conduction path in the wire (Fig. 5(a)).
As a result, the wire resistance shows insulating. In addition,
there are domain walls between FMM domains with differ-
ent spin-polarized directions.[24] When current flows through
these domain walls, spin-flip scattering may contribute to the
resistance increasing at lower temperatures (Fig. 5(b)). In our
10 µm × 50 µm wires, both kinds of barriers may contribute
to the reentrance of insulating state. Tunneling through or col-
lapse of these conduction barriers causes a significant drop of
resistance observed here.

Figure 6 shows resistance at different voltages derived
from the I–V curves mentioned above. In wire II, resistance
at 100 K shows fluctuations at voltages under 5 V, and then
decreases rapidly as voltage increases gradually. At voltages
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larger than 15 V, reduction of resistance slows down as voltage
further increases. Inset of Fig. 6 shows resistance fluctuations
with time at different voltages, which presents more details of
this tunneling process. Below 5 V, resistance shows fluctuation
feature and seems to prefer the higher values of about 170 kΩ

for 2 V, while a larger voltage (3 V) favors the lower value of
about 150 kΩ. As voltage increases further (6, 8, and 30 V),
resistance is stable with time. This resistance fluctuation with
relatively weak electric field may be sign of random formation
of tunneling paths.
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Fig. 5. Schematic diagram of conduction barriers of (a) residual COI
domain and (b) domain walls between FMM domains with different
spin-polarized directions.

V/V

R
/
K

O
h
m

R
/
K

O
h
m

0 10 20 30 40 50

30

60

90

120

150

180

210

Time/s

100 K

0 500 1000 1500 2000 2500
20

60

100

140

180

 2 V

 3 V

 6 V

 8 V

 30 V

Fig. 6. (color online) Resistance as a function of voltage in wire II at
100 K. Inset: resistance fluctuations at different voltages.

4. Conclusions
In this work, we report reentrant insulating state in micro-

patterned LPCMO wires. A giant electroresistance of more

than 90% was observed by electric field suppression of this
reentrant insulating state. The resistance change is mostly re-
versible. By measuring I–V characteristics, the conductance
shows tunneling feature with conduction barriers of COI do-
mains or boundaries between FMM domains with different
spin-polarized directions. Resistance at this reentrant insulat-
ing region shows fluctuations at low voltages. This indicates
the random formation of tunneling path, which becomes stable
at high voltages.
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