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Tatsunokuchi, Ishikawa 923-1292, Japan
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Current–voltage sI –Vd characteristics of Ag/Pr0.7Ca0.3MnO3sPCMOd /YBa2Cu3O7−dsYBCOd
junctions fabricated on LaAlO3 s001d substrates were measured. Nonlinear, asymmetric, and
hysteretic I –V curves, that are considered to be the nature of the resistance memory effect
previously reported, were observed. In some junctions theI –V characteristics were switched
between linear and nonlinear by its thermal hysteresis. Room-temperatureI –V characteristics,
originally being linear, turned to be nonlinear after cooling to 100 K, and returned to be linear after
heating to 400 K. ©2005 American Institute of Physics. fDOI: 10.1063/1.1851852g

Perovskite-type Mn oxides are attracting much interest
in both physical and industrial fields because of their unique
properties. For example, Pr1−xCaxMnO3 sPCMO; 0.3øx
ø0.75d is known to show a charge-orderedsCOd state in a
temperature region lower thanTCO,230 K.1 An external
stimulus such as an electric field can induce the collapse of
such CO insulating state, causing a steep insulator-metal
sIM d transition.2 The electric-field-induced IM transition
with several orders change of its resistance is expected to be
applied for logic or memory devices. As the basic experi-
ments for a device application, we have fabricated
Au/PCMOsx=0.5d /YBa2Cu3O7−dsYBCOd layered-type
junctions on MgOs001d substrates, and observed a seven-
order drop of its resistance induced by a voltage less than
5 V at low temperature.3 On the other hand, a nonvolatile
pulsed-voltagescurrentd- induced high-/low-resistancesHR/
LRd switching, which cannot be theoretically explained at
present, has been reported in a Ag/PCMOsx=0.3d /YBCO
junction.4 This resistance-switching effect is different from
the IM transition caused by the collapse of the CO state in
several points:s1d it occurs even at room temperature,s2d the
resistance switches to the opposite state when a reversed bias
is applied, ands3d the resistance state is retained even after
the voltage is removedsnonvolatilityd. A resistance random-
access-memorysRRAMd device applying this resistance
switching effect has been proposed,5 and is expected as a
good candidate that would be superior to the present RAM
devices. However, the physical mechanism of this resistance
switching effect is quite unclear at present, and thus one has
no strategy to improve the device properties or uniformity in
order to achieve the practical application.

Being measured by the two-probe method, the resistance
of the Ag/PCMO/YBCO junctions in Ref. 4s,200 and
,3500V in LR and HR states, respectivelyd contains the
series resistance of electrodes and wires. Supposing that the
resistivity of the PCMO layer in this junction is identical to
that of the PCMOsx=0.3d single crystal previously reported
s,0.1 V cm at 300 Kd,1 the contribution of PCMO layer to

the junction resistance should be less than 10−2 V consider-
ing the junction sizes0.4 mm in diameter and 600 nm in
thicknessd. It seems to be relevant to suppose that all the
other part in the LR value of the junctions,200 Vd corre-
sponds to the “series resistance.” On the other hand, pro-
vided the same series resistance exists in the HR state also,
then the resistance of PCMO in the HR state should exceed
3 kV, five orders larger than the expected value. Therefore,
the question is “what is the nature of a HR state?”

In order to understand the mechanism of the effect and
to improve the junction properties as the memory devices,
we are studying this electric-fieldsor currentd -induced
switching effect. So far, we have reported that the nonsto-
ichiometric sMn-poord PCMO films show the switching ef-
fect easier than near-stoichiometric ones do.6 In the present
study we have observed the current–voltagesI –Vd properties
of Ag/PCMOsx=0.3d /YBCO layered-type junctions. As the
results, nonlinear asymmetricI –V properties with hysteresis
loops, which explain the resistance-memory effect, were ob-
served. Moreover, some junctions were found to switch their
I –V properties from linear to nonlinear and vice versa ac-
cording to their thermal hysteresis.

PCMOsx=0.3d /YBCO bilayered films were deposited
on LaAlO3 s001d single-crystal substrates by a pulsed laser
deposition method. The YBCO layer was partly covered by a
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FIG. 1. Schematic diagram of the junction structure and the measurement
system.
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metal maskin situ before the PCMO layer was deposited, so
that the contact to the bottom YBCO layer would be easily
donessee Fig. 1d. The substrate temperature was 750 °C and
the oxygensO3+O2d pressure was 150 mTorr during the
deposition of both PCMO and YBCO. The thickness of
YBCO and PCMO was 200 and 600 nm, respectively. A Ag
layer was deposited by a sputtering method to form the con-
tact pads.

Figure 1 shows the schematic diagram of the junction
and the measurement system. TheI –V properties were mea-
sured in a two-probe configuration, using either physical
properties measurement systemsPPMS: Quantum Design
Co.d or a simple combination of a current source and a volt-
meter. In PPMS the current was swept and the voltage was
measured. In the simple system a constant current was manu-
ally set and the voltage was recorded.

Figure 2sbd showsI –V curves at 300 K of a Ag/PCMO/
YBCO junction. The nonlinear, asymmetric, and hysteretic
behavior is important for understanding the phenomenon of
resistance memory effect, because the result reported in Ref.

4 that “a positive bias causes HR, and a negative bias causes
LR state” is considered to be the description of just one part
of the asymmetric and hystereticI –V property. We should
note that theI –V properties of our PCMO/YBCO junctions
are basically linear at the first stagesjust depositedd, as
shown in Fig. 2sad. The nonlinearI –V curve in Fig. 2sbd
appeared after this junction was cooled to 100 K and then
heated to 300 K. Afterwards, theI –V of this junction was
recovered to the initial linear state after being heated to
400 K and cooled to 300 K again. Therefore, there is a tem-
perature hysteresis on the nonlinearity of this junction.

Figure 2sdd shows the current dependence of the junction
resistanceR s=V/ Id based on the data points in Fig. 2sbd. R
significantly depends uponI, and can be changed between
,70 and.550 V during sweeping. Therefore we note that
the measurement currentsor voltaged should be declared
when one discuss the “resistance” of such a junction. Be-
cause of the strong nonlinearity near the origin in the posi-

FIG. 3. Several typicalI –V curves of Ag/PCMOsx=0.3d /YBCO junctions.
sad measured in order of negative⇒ positive bias,sbd positive⇒ negative
bias, andscd the result obtained with a simple measurement system.

FIG. 2. sad–scd I –V properties of a Ag/PCMOsx=0.3d /YBCO junction at
300 K. The junction areas=Ag pad aread is 0.530.5 mm2 and the PCMO
thickness is 600 nm. This junction, initially showing a linearI –V property
sad, changes its property to nonlinear by being cooled to 100 K and then
heated to 300 Ksbd, and recovers to the initial state by being heated to
400 K and cooled to 300 K againscd. sdd R–I plot of the data in Fig. 2sbd.
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tive bias side, the smaller the resistance-measurement current
is, the larger the resistance in HR state can be.

Figure 3 shows some other typicalI –V curves. All these
data were measured at 300 K after cooling. OneI –V sweep
takes,5 s in PPMSfFigs. 3sad and 3sbdg and several min-
utes in the simple systemfFig. 3scdg. It suggests that the
resistance switching could be induced not only by a pulsed
voltage but also by a constant current, in contrast with the
previous result.5 The reproducibility in our measurements are
not good yet; sometimes one junction shows differentI –V
curves at every measurement, for example. In total, the curve
is smooth duringuI u is decreasing, while some irregular
shapes are often seen duringuI u is increasing.

A popular explanation of RRAM effect at present is that
the HR transition occurs only at the interface between
PCMO andsand electrodessd, not in the whole PCMO bulk.7

S-shapedI –V curves observed in the present study also sug-
gest the conduction through a metal-insulator-metalsMIM d
structure. A Schottky barrier at the interface between PCMO
and an electrode layer can play the role of the insulator in the
MIM structure.8 More generally, however, a grain boundary
or a defect in the PCMO film is also considered to be the
insulating part that constructs a fine MIM structure. Heating/
cooling processes and an application of a positive/negative
voltage scurrentd may possibly cause a deformation of the
atomic structure in the PCMO film and thus induce the

change of electric properties. Further investigation should be
performed to clarify crystallographic, atomic structural, and
electronic structural difference between HR/LR states or be-
tween linear/nonlinear states of these junctions.

In conclusion, we have measured theI –V characteristics
of Ag/PCMOsx=0.3d /YBCO junctions fabricated on
LaAlO3 s001d substrates. Nonlinear, asymmetric, and hyster-
etic I –V curves, that are considered to be the nature of re-
sistance memory effect, were observed. In some junctions
the property of linear or nonlinearI –V was switched by its
thermal hysteresis. The above results could be important
keys to understand the mechanism of resistance memory
effect.
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