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Electric current-induced giant electroresistance in
La0.36Pr0.265Ca0.375MnO3 thin films∗
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The electroresistance (ER) of La0.36Pr0.265Ca0.375MnO3 (LPCMO) epitaxial thin film was studied under various dc
currents. The current effect was compared for the unpatterned film and patterned microbridge with a width of 50 µm.
The value of ER in the unpatterned LPCMO film could reach 0.54 under a 1-mA current, which is much higher than
ER under 1 mA for the patterned weak phase-separated La0.67Ca0.33MnO3 and La0.85Sr0.15MnO3 microbridges with 50-
µm width. More interestingly, for the patterned LPCMO microbridge, the maximum of ER can reach 0.6 under a small
current of 100 µA. The results were explained by considering the coexistence of ferromagnetic metallic phase with the
charge-ordered phase, and the variation of the phase separation with electric current.
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1. Introduction

Because of the strong coupling between spin, charge, lat-
tice, and orbital degrees of freedom, colossal magnetoresistive
(CMR) perovskite manganites show a variety of electric and
magnetic properties. They have been extensively studied due
to their importance for both fundamental physics and poten-
tial applications.[1–3] In perovskite manganites, there exist dif-
ferent ground states with similar energy stability, depending
on the balance of different interactions. Physical properties
of manganites can be tuned by external disturbance, such as
magnetic field,[4] pressure,[5] and illumination of light or x-
ray,[6–10] due to the breaking balance of various interactions in
the material.

The electric current effect on properties of CMR mate-
rials has also been reported, and it was shown that their re-
sistances can be reduced under electric currents and/or elec-
tric fields, leading to the electroresistance (ER) effect and
metastable states.[11–20] However, most of these previous re-
ports focused on manganites with charge ordered state,[11]

such as Pr1−xCaxMnO3 (x = 0.3, 0.4) single crystal,[21] poly-
crystalline bulk or films,[22,23] and Pr0.7Ca0.27Sr0.03MnO3 epi-
taxial films.[12] The ER and current-induced metastable states
can be correlated with the phase separation scenario. The
electric current was considered to lead to the melting of
the charge ordered phase, i.e., a transition from the charge-
ordered insulation (COI) state to the ferromagnetic metal-

lic (FMM) state.[11,12,21,24] The transition is usually thought
of as a percolative process with the domains of conducting
FM eventually connected, which is accompanied by a large
drop of resistivity. The ER effect has also been reported in
the weak phase-separation systems, such as La1−xCaxMnO3

and La0.67Sr0.33MnO3 films with different doping levels and
thicknesses.[25–29] The research of electric current effect in dif-
ferent types of manganites is helpful for the study of mecha-
nisms.

The previous investigation of current or field effect on
epitaxial films of manganites with charge-ordered state is quite
limited.[24,30] However, recent studies of current or field effect
in LPCMO epitaxial films are rising again with different mod-
ulation and inspection in the phase separation picture.[31–37]

Compared with La1−xCaxMnO3 and La0.67Sr0.33MnO3 films,
the current effect in LPCMO is expected to be distinct, be-
cause the intrinsic charge-ordered phase in LPCMO with a
size in the mesoscopic range is easily modulated by elec-
tric current or field. In this work, we studied the current
effect in La5/8−yPryCa3/8MnO3 epitaxial film with doping
level of y = 0.265. The current effect was compared in un-
patterned film and patterned microbridge with a width of
50 µm. The value of ER in unpatterned LPCMO film under
the same current is much higher than those for patterned weak
phase-separated La0.67Ca0.33MnO3 and La0.85Sr0.15MnO3 mi-
crobridges with 50-µm width. For the patterned LPCMO mi-
crobridge, the maximum of ER can reach 0.6 under a small
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current of 100 µA. The results were discussed based on the
scenario of phase separation, by considering the coexistence of
ferromagnetic metallic phase with the charge-ordered phase,
and the variation of the phase separation with electric current.

2. Experimental
La0.36Pr0.265Ca0.375MnO3 (LPCMO) thin films with a

thickness of ∼100 nm were grown on single-crystal sub-
strates of LaAlO3 (LAO) with (1 0 0) orientation by using
the pulsed laser deposition (PLD) technique. Bulk target of
LPCMO were synthesized using a conventional solid state re-
action method. The stoichiometric amounts of La2O3, CaCO3,
Pr6O11, and MnO2 powders with high purity were calculated
and weighed according to the Pr doping level (0.265). La2O3

was baked at 800 ◦C for 2 hours before weighing, because it
is reactive with moisture and CO2 in air to form lanthanum
carbonate and hydroxide hydrate. The powders of raw materi-
als were mixed, ground, and calcined at 1000 ◦C∼1200 ◦C for
14 h repeatedly. The product was then finely ground, pressed
into pellets and sintered at 1400 ◦C in air for another 24 h
followed by furnace cooling. The target was used to prepare
films in a PLD chamber. The films were deposited by using
a 248-nm KrF excimer laser. The energy density is about
1.9 J/cm2 with a repetition rate of 3 Hz. The size of LAO
substrate was 3 mm×10 mm×0.5 mm. The substrate temper-
ature was held at 780 ◦C under an oxygen pressure of 80-Pa
during deposition. The film thickness was controlled about
100-nm according to the deposition rate. After deposition, the
films were cooled down to 650 ◦C holding for 5 minutes, and
then down to room temperature in oxygen with a pressure of
0.9 atm (1 atm = 1.01325×105 Pa).

X-ray diffraction (XRD) was performed by using a
Rigaku D/max-RB x-ray diffractometer with a Cu Kα radia-
tion. Powder XRD studies indicated that both the last powder
and the target were essentially in single-phase. Some of the
LPCMO films were patterned into bridge-shaped samples with
a 50-µm width. The electrical resistance was obtained from
both unpatterned and patterned samples with sputtered gold
pads as the electrical contacts. A standard four-probe config-
uration for the dc current effect measurements was adopted
using a Keithley 2400 SourceMeter and 2182 Nanovoltmeter.
The separations between the voltage pads are about 80 µm for
the unpatterned sample, and 50 µm for the patterned sample.
The electrical measurements were done with a liquid-nitrogen-
cooling system.

3. Results and discussion
3.1. Characterization of the polycrystalline LPCMO

XRD pattern of the polycrystalline pellet in Fig. 1
shows that the synthesized target was in single phase. The

temperature-dependent resistance of the polycrystalline pellet
was measured by four-probe configuration with indium as the
electrical contact pads, as shown in the inset of Fig. 1. The
peak at ∼ 210 K is related to the charge ordering tempera-
ture (Tco). The peaks at ∼ 150 K for the cooling process and at
∼ 175 K for the heating process are derived from the insulator–
metal transition. The maximum slope of the resistance drop
at ∼ 125 K is identified as the Curie temperature (TC).[38]

Below Tco, the resistance versus temperature (R–T ) curves
show a remarkable hysteresis for the cooling and heating pro-
cesses, which is consistent with the first-order-type transition
in a system with two-phase coexistence.[38,39] Our results are
similar to the reported temperature dependence of resistiv-
ity of La5/8−yPryCa3/8MnO3 polycrystals (0.25 ≤ y ≤ 0.275),
though the difference in the doping level (y = 0.265 in our
case) and in the range of vertical axis. The identification of
the two typical temperatures were also reported in single crys-
tal La5/8−yPryCa3/8MnO3.[39] According to the electron mi-
croscopy, the sub-micrometer scale phase coexistence was di-
rectly observed in La5/8−yPryCa3/8MnO3.[38]
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Fig. 1. (color online) XRD of the polycrystalline pellet. Inset: The
temperature-dependent resistance of the polycrystalline pellet during cool-
ing (black) and heating (red) processes.

3.2. Characterization of the LPCMO thin films

XRD pattern of the θ–2θ scan for LPCMO thin film in
Fig. 2 shows that besides the reflections from the substrates
and (00ℓ) peaks of LPCMO, no other peaks are visible with
the intensity axis on a logarithmic scale within 20◦ ∼ 55◦ (2θ ),
indicating the films are in single phase and well epitaxially c-
axis oriented. The film is under compressive strain induced
by the substrates, because the pristine in-plane lattice param-
eter of LPCMO (pseudocubic structure with a = 3.85 Å)[40]

is larger than that of LAO (rhombohedral structure with a =

3.788 Å). The out-of-plane lattice parameter of the film is
about 3.865 Å, calculated from the position of the diffraction
peak 2θ with Bragg diffraction equation. This value verifies
the compressive strain in the LPCMO film due to LAO.
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Fig. 2. XRD pattern of the θ–2θ scan for the LPCMO epitaxial film
deposited on LAO substrate.
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Fig. 3. (color online) Temperature dependence of resistance for the
unpatterned LPCMO film under cooling and heating processes. The ap-
plied dc current was 0.1 µA during the measurement. The measurement
configuration is shown in the inset. The separation between the voltage
pads is about 0.5 mm.

Figure 3 shows the temperature dependences of resistance
for the unpatterned LPCMO film under the cooling and heat-
ing processes, respectively, and the inset is the measurement
configuration. The applied dc current was 0.1 µA during the
measurement. The R–T curves of the sample reveal a sharp
metal–insulator transition (MIT) and a remarkable hysteresis
in the cooling and heating processes. The resistance peak ap-
pears at about 145 K. This behavior is similar to the results
of La0.4Pr0.27Ca0.33MnO3 film grown on LAO substrate[41]

and La0.268Pr0.4Ca0.33MnO3 film grown on (110) NdGaO3

substrate.[42] The existence of the remarkable hysteresis of R–
T curves is claimed to be a typical phenomenon in phase sepa-
ration system.[24,34,41,42] A strong hysteresis was also observed
in the variation of resistance with external magnetic field in the
ultrathin La1−xCaxMnO3 film.[26] This hysteresis indicates the
coexistence of FMM and COI states in LPCMO films, because
the CO transition is a first order phase transition.[38] It is noted
that for the case of thin films, there are no observable peaks
around 210 K in the R–T curves and with reduced hysteresis
compared to that in bulk, which is similar to the R–T behav-
iors of LaPrCaMnO thin films grown on LaAlO3.[32,41] The
strain might be responsible for the different R–T behaviors
between bulk and thin films. In epitaxial thin films, the bi-
axial strain induced by lattice mismatch has a great influence

on their electrical transport properties. For example, both the
metal–insulator transition and the phase separation can be af-
fected by strain.[28,43] However, strong supportive evidence is
still needed.

3.3. Electric current-induced electroresistance
3.3.1. Current effect on the unpatterned films

Figure 4(a) shows the temperature dependences of re-
sistance for the unpatterned LPCMO film under different
dc currents. The temperature of the resistance peak (Tp)

of this film is about 145 K, comparable to the results of
La0.4Pr0.27Ca0.33MnO3 film grown on LAO reported in the
literature.[41] The applied currents are 1, 200, 500 µA, and
1 mA, with the corresponding current densities of 0.33,
66.7, 1.67×102, 3.33×102 A/cm2, respectively. Figure 4(a)
shows that Tp of LPCMO film remains nearly unchanged
with increasing electric current, however, the peak resistance
drops remarkably. This insensitivity of Tp to current dif-
fers from the dependence of Tp on magnetic field as the
magnetic field shifts Tp to higher temperatures.[17] This phe-
nomenon can be attributed to the current-induced electroresis-
tance effect.[13–18] Electroresistance (ER) is defined as ER =

(R(1 µA)−R(I))/R(1 µA), where R(I) and R(1 µA) stand for
the film resistance measured with current I and 1-µA current,
respectively. The heating power in this sample is smaller than
that in La0.67Ca0.33MnO3 epitaxial films[17,26] where the heat-
ing is minor. The key point in this experiment is that the heat
produced by the current can be quickly diffused and is aver-
aged by the four large Au pads.

The temperature dependences of ER for this LPCMO
film under different currents are shown in Fig. 4(b). Its ER
increases with increasing current, and has a peak value at
about 130 K with a very narrow full width at half maximum
(FWHM). At 130 K, the value of ER could reach 0.54 un-
der a 1-mA current (the current density 3.33×102 A/cm2).
This value is larger than ER under 1 mA for patterned
La0.67Ca0.33MnO3 (ER = 0.27)[26] and La0.85Sr0.15MnO3

(ER = 0.44) microbridges with 50-µm width as shown in
Fig. 5(b). In Figs. 4(a) and 4(b), the studied LPCMO film
is unpatterned, therefore the average current density is about
1/60 compared to those in the patterned La0.67Ca0.33MnO3

and La0.85Sr0.15MnO3 microbridges. This means that in the
strongly phase-separated LPCMO films with COI and FM co-
existence, a relatively small current density can induce re-
markable ER. The reason is that COI state in the strongly
phase-separated LPCMO is fragile and more easily affected
by the external stimuli. On the other hand, in the film with in-
homogeneous phase domains, the current will follow the path
of low resistance forming a uniform distribution.[37] There-
fore, the real current density would be much higher than the
calculated average one.
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Fig. 4. (color online) (a) Temperature dependence of resistance for the
unpatterned LPCMO film under different dc currents. The currents are
1, 200, 500 µA, and 1 mA, with the corresponding current densities of
0.33, 66.7, 1.67×102, 3.33×102 A/cm2, respectively. The measurement
configuration is shown in the inset. The separation between the voltage
pads is about 80 µm. (b) Temperature dependence of electroresistance
(ER) under different currents. Inset shows the normalized peak resis-
tance variation with current for the unpatterned and patterned LPCMO
film.

3.3.2. Current effect on patterned films

We also studied the current effect for the patterned
LPCMO microbridge with a 50-µm width. Temperature de-
pendences of resistance under different dc currents are shown
in Fig. 5. No sharp drop or upturn of resistance is observed as
reported in the confined LPCMO with narrower wire dimen-
sions of about 1 µm.[44,45] and 10 µm.[32,40] When the applied
current is 100 µA, the heating effect is not distinct, because Tp

is unchanged compared with that under 1 µA. The local tem-
perature increase ∆T of the film induced by overheating can
be evaluated as a function of the applied electric current (I) by
the expression of ∆T (T, I)≈ 2Pl/κsub = 2I2R(T +∆T )[lκsub],
where Pl is the power dissipated per unit length of the sample,
κsub is the thermal conductivity of the substrate, R and l are
the resistance and length of the sample, respectively.[46] It is
found that, under 100 µA, the maximum ∆T is about 0.6 K
at 135 K, and 0.3 K at 130 K. Therefore, Joule heating is a
minor effect under this current and the observed ER is an in-
trinsic effect. The peak resistance drops more remarkably as
compared with that in Fig. 4(a), which is verified by the nor-
malized peak resistance decrease with current for the unpat-

terned and patterned films in the inset of Fig. 4(b). The peak
resistance displays an exponential decay with a faster decay
rate for the patterned films. However, when the applied cur-
rent is larger than 500 µA, the heating effect becomes obvious
that we can observe the decrease of Tp. The maximum ∆T is
estimated about 14 K at 135 K under 500 µA, which is not neg-
ligible. When the applied current reaches 1 mA, the measured
R–T behavior indicates the local overheating is high and not
negligible. Compared with the unpatterned films, the current
density enhances by about 60 times under the same applied
currents. When the applied current is 100 µA, the maximum
ER is about 0.6, as shown in the inset of Fig. 5. This value is
even larger than that for the unpatterned film under 1 mA cur-
rent. The ER shoulder between 145 K and 200 K is probably
related to the two-phase coexistence.
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Fig. 5. (color online) (a) Temperature dependences of resistance for the
patterned LPCMO film under different dc currents. The currents are
1, 100, 500 µA, and 1 mA, with the corresponding current densities
of 20, 2.0×103, 1.0×104, 2.0×104 A/cm2, respectively. The upper in-
set shows the temperature dependences of ER under different currents.
The lower inset shows the measurement configuration for the patterned
LPCMO film. The four yellow rectangular parts are deposited gold
for contact and the black parts are the patterned LPCMO films. The
size of the LPCMO microbridge is 50 µm ×50 µm. (b) The maxi-
mum values of ER under different dc currents for La0.67Ca0.33MnO3
(LCMO), La0.85Sr0.15MnO3 (LSMO), LPCMO microbridges, and un-
patterned LPCMO film, respectively.

For LPCMO, where replacing La3+ with smaller Pr3+

increases the effective Jahn–Teller coupling by reducing
the hopping matrix element and decreases the bandwidth.
LPCMO is sensitive to the internal chemical pressure and ex-
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ternal disturbance, indicating the balance of various interac-
tions determines its electronic ground states. If La3+ is fully
replaced by Pr3+, the FMM state disappears because of the
reduced bandwidth and only the COI state is observed at low
temperature.[47] However, at low Pr doping levels, the COI
state becomes less stable relative to the FMM state and finally
collapses into a two-phase state revealing metal–insulator tran-
sition with the percolative mechanism below charge-ordering
temperature Tco. Electron microscopy results showed that
LPCMO is phase-separated into a sub-micrometer-scale mix-
ture of insulating regions with charge ordering and metallic,
ferromagnetic domains.[38] Powder neutron diffraction mea-
surement showed mesoscopic (≥ 1000 Å) phase separation
in LPCMO. When the temperature decreases down to Tco ∼
210 K, Mn3+ and Mn4+ ions orderly distribute in the lattice
space. When an external magnetic field is applied, charge-
ordered state can be melted, changing from the charge crys-
tal to charge liquid, accompanied by the transition from the
antiferromagnetic to ferromagnetic states. Meanwhile, the re-
sistance is reduced remarkably. The magnetic field used to
melt the CO state is usually quite large, typically about 12 T
for the melting of CO states in Pr1−xCaxMnO3. The melt-
ing of CO state is first-order phase transition, happening with
distinct hysteresis and metastable states. The charge ordering
state is fragile and can be switched from insulator to metal-
lic state by pressure, magnetic and electric field, or light ir-
radiation. Under a magnetic field, the melting of the CO
state usually corresponds to huge magnetoresistance. Previ-
ous reports of current effect are focused on manganites with
charge-ordered state, such as Pr0.7Ca0.3MnO3 single crystal,
Pr1−xCaxMnO3 (x = 0.3, 0.4) polycrystalline bulk and films,
Pr0.7Ca0.27Sr0.03MnO3 epitaxial films. The electric current
can lead to the melting of the charge ordered phase. Because
of the competition of CO and FM states, the proportion of con-
ductive FM states would be enhanced under electric current or
field. When the proportion of FM states increases to a cer-
tain threshold, the percolation routes for current are formed.
Therefore, the resistivity is remarkably reduced, correspond-
ing to distinct ER. The value of ER is larger in LPCMO film
even though the current density is only about 1/60 compared
with the effect in weak phase-separated manganite films.

4. Conclusion
In summary, we studied the electroresistance effect of

La0.36Pr0.265Ca0.375MnO3 (LPCMO) epitaxial thin film under
various dc currents. The current effect was compared in unpat-
terned film and patterned microbridge with a width of 50 µm.
The value of ER in unpatterned LPCMO film could reach 0.54
under a 1-mA current, which is much higher than ER under

1 mA for patterned weak phase-separated La0.67Ca0.33MnO3

and La0.85Sr0.15MnO3 microbridges with 50-µm width. More
interestingly, for the patterned LPCMO microbridge, the max-
imum of ER can reach 0.6 under a small current of 100 µA.
The results were explained by considering the coexistence of
ferromagnetic metallic phase with the charge-ordered phase,
and the variation of the phase separation with electric cur-
rent. The research of electric current effect in different types
of manganites is helpful for the study of magnetoelectric
coupling and the development of devices based on electric-
current/field modulation.
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