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Bipolar resistance switching property of Al–Ag/La0.7Ca0.3MnO3/Pt 
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Bipolar resistance switching was investigated on La0.7Ca0.3MnO3 (LCMO) thin film with Al–Ag alloy top electrode (TE) includ-
ing different Ag contents. The switching capability of Al–Ag/LCMO/Pt was greatly improved in Al-33%Ag TE structure com-
pared to in Al-50%Ag TE structure. Switching times of faster than 100 ns and rewrite cycles of more than 400 were obtained 
while maintaining a ratio of resistance change larger than 1000%. The mechanism of resistance switching was explained by a 
model with interfacial nanostructured domains composed of Ag and insulator AlOx matrix, as previously proposed for Al-
50%Ag/LCMO/Pt structure.
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1. Introduction
In recent years, the electric-pulse-induced resistance switching 

(EPIR) phenomena in metal oxides have attracted considerable 
research interest due to their potential application to resistance 
random access memory (RRAM), which is considered as the 
promising next-generation nonvolatile memory with some 
advantages of drastically reduced power consumption, fast 
switching speed and nondestructive readout.1)–16) Bipolar resis-
tance switching (RS), characterized by the different voltage 
polarities for the resistance state transitions, has been observed 
in perovskite manganites such as Pr0.7Ca0.3MnO3 (PCMO) and 
La0.7Ca0.3MnO3 (LCMO).3)–16) In terms of RS directionality, there 
are two kinds of bipolar EPIR switching phenomena, namely 
positive EPIR and negative EPIR.11) The former means the high 
resistance state (HRS) can be written by positive voltage pulses, 
and the low resistance state (LRS) can be reset using negative 
voltage pulses. Here, the positive voltage direction is defined as 
the current flowing from the top electrode (TE) to the bottom 
electrode (BE). Typical sandwiches with positive EPIR include 
Au/PCMO/Pt,3) Ag/PCMO/Pt,4),5) Mo/LCMO/Pt.6) In the latter, 
the switching voltage polarity is just the opposite from that in the 
positive EPIR effect. Typical sandwiches with negative EPIR 
include Al/PCMO/Pt,7) Ti/PCMO/Pt,8) Ta/PCMO/Pt,9) Sm/
LCMO/Pt,10) In/PCMO/Pt11) sandwiches. Since same Pt BE and 
similar characteristic PCMO/LCMO were used in these experi-
ments, a strong influence of the TE material on the polarity of 
bipolar EPIR were clearly indicated.

Furthermore, the switching speed is also strongly affected by 
the TE material and less affected by the BE material. When a 
noble metal like Ag or Au is used as the TE, the switching speed 
is fast, on the order of 100 ns or less.3),4) On the other hand, when 
an easily oxidized metal like Ti or Al is used, the switching speed 
is quite slow, on the order of 1 ms.12),17) In our recent research, 
Al-50%Ag alloy TE has been developed to realize the resistance 

switching of a noncrystalline and low-resistance LCMO thin 
film,18) and positive EPIR has been found in Al-50%Ag/LCMO/
Pt structure. Meanwhile, under the applied pulses of ±10 V mag-
nitude and as long as 10 μs duration, the average ratio of resis-
tance change (RHRS–RLRS)/RLRS × 100% is around 120%, which 
can meet the need of practical applications for RRAM. It is clear 
that the polarity of bipolar EPIR for Al-50%Ag/LCMO/Pt struc-
ture is same as that of bipolar EPIR for Ag/LCMO/Pt structure,4)

while the switching speed for Al-50%Ag/LCMO/Pt structure is 
rather close to that for Al/LCMO/Pt structure.7) Therefore, by 
changing the Ag content in the Ag–Al alloy electrodes, it is 
expected to obtain more fast switching speed while remain the 
high-initial-resistance property. In this paper, Al-33%Ag/LCMO/
Pt structure was prepared and positive EPIR was observed. The 
observed switching property is better than that in Al-50%Ag/
LCMO/Pt structure.18) Under the applied pulses of ± 5 V magni-
tude and as low as 100 ns duration, the ratio of resistance change 
is more than 1000% and switching cycle is larger than 400.

2. Experiments
The LCMO films were prepared by the pulse laser deposition 

(PLD) method on Pt/Ti/SiO2/Si substrates, as described previ-
ously.18) The oxygen pressure during the deposition was kept at 
1 Pa with the substrate temperature (Ts) of 550–650°C. The 
thickness of the LCMO film is around 300 nm. The composition 
of the thin film is in close agreement with that of the target. Al 
and Ag layers were respectively deposited by electron beam eva-
poration and thermal evaporation under a base vacuum of < 5 ×
10–4 Pa and a Ts of 200°C. The Al-33%Ag alloy electrode, with 
100 μm in diameter and 200 nm in thickness, was fabricated by 
simultaneously employing above procedures with the different 
deposition rate to keep the Al and Ag atomic ratio of 2:1.
Electrical measurements were conducted by two-probe method 
using a dc source meter (Keithley 2410-c) and a pulse generator 
(Agilent 81104A). The resistance was measured by applying a 1 
μA dc current and reading the corresponding voltage across the 
film after each bias scan or voltage pulse. All the measurement † Corresponding author: L. D. Chen; E-mail: cld@mail.sic.ac.cn
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was performed at room temperature (RT).

3. Results and discussion
Figure 1(a) shows typical X-ray diffraction (XRD) patterns 

for the LCMO films grown on (111)-oriented platinized silicon 
substrates with Ts = 550, 600 and 650°C. The films deposited at 
higher Ts show preferred (020)/(112) orientation, but no obvious 
peaks is found in that deposited at 550°C. Figure 1(b) presents 
a cross-sectional scanning electron microscope (SEM) image of 
a LCMO thin film grown at 550°C for 120 min. The LCMO layer 
exhibits no evident grain boundaries, which is also consistent 
with the XRD results shown above, indicating that the film is 
noncrystalline. The LCMO thin films used in the following 
electrical measurements are those grown at 550°C, therefore are 
of noncrystalline characteristic.

To find the proper pulse parameters, resistance hysteresis 
switching loop (HSL) were measured by applying a sequence of 
pulses with a constant voltage step. As an example, increasing 
negative pulses are applied when the sample was in the LRS until 
it switched to HRS. Then the pulse magnitude is reduced until it 
changes polarity to positive after which the magnitude is 
increased until the sample switches back to the LRS. For the 
sample of Fig. 2(a), at the threshold voltages of approximately 
+4 V and –4 V, the EPIR device resistance begins to switch to 
its LRS and HRS, respectively.

A measurement result of non-volatile static resistance versus 
electrical pulse number with the Al-33%Ag/LCMO/Pt structure
is shown in Fig. 2(b), in which the pulse duration and amplitude 
were 100 ns and ±5 V, respectively. A positive pulse causes a 
decrease in resistance from HRS to LRS. The EPIR switching-
reading process is reproducible from cycle to cycle and can con-
tinue for > 400 switch cycles as shown in Fig. 2(b), with 
however, some fatigue resulting in ΔR/R decreasing after the 400 

cycles. Furthermore, a room temperature EPIR ratio as large as 
1100% has also been obtained in the Al-33%Ag/LCMO/Pt struc-
ture in Fig. 2(b). Table 1 shows the comparison of the selected 
RS performances between the Al-33%Ag/LCMO/Pt structures 
(this work) and other relative systems reported in the previous 
publications. It can be seen that an excellent over-all switching 
performance was achieved in the Al-33%Ag/LCMO/Pt struc-
tures.

I–V characteristic was measured by voltage swept as 
0 → +Vmax →0 → –Vmax →0. I–V plots between ±2 V and ±2.5 V 
are also shown in Fig. 3(a), similar to that of the Al-50%Ag/
LCMO/Pt.18) It can be seen that the resistance decreases under 
the positive voltage sweep and increases under the negative 
voltage sweep, which is similar to that of the Ag electrode5) and 
opposite to that of the Al electrode.7),17) These results indicate 
that the electron transport is carried by Ag in the Al-33%Ag 
electrode and the increase in the original resistance is induced by 
Al in it. So, this I–V characteristic can also be explained by 
carrier injected space charge limited conduction controlled by 
interface trapping/detrapping.5) However, as voltage increases, a 
typical oxide film device will have a tendency to breakdown with 
considerable damage, as shown in Fig. 3(a).

Although various switching models have been proposed to 
explain resistance switching, the microscopic nature of resistance 
switching and charge transport in such structures is still under 
debate. A model with interfacial nanostructured domains com-
posed of Ag and insulator AlOx matrix was proposed to explain 
the characteristics of the Ag–Al alloy electrode TE sample.18)

Fig. 3(b) shows the schematic diagram of the interface layer 

Fig. 1. (a) Typical XRD patterns for the La0.7Ca0.3MnO3 films grown 
on Pt/Ti/SiO2/Si substrates with Ts = 550, 600 and 650°C. (b) cross-
sectional SEM image for the film grown at 550°C for about 120 min.

Fig. 2. (a) Resistance hysteresis switching loop for a LCMO sample. 
(b) EPIR fatigue performance of a LCMO sample under ±5 V and 100 ns 
pulses.
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between the Ag–Al alloy electrode and the LCMO film. This Ag-
contained AlOx layer can be formed by the oxidation of Al not 
only during the alloy electrode deposition but also during the 
electrical scan or applied pulse. Due to the introduction of inert 
Ag, stable Ag conductive paths (filaments) will be created in the 
AlOx matrix by a percolation effect. The formation of Ag 
filaments results in the point contacts between Ag–Al alloy TE 
and the LCMO film, which is similar to that of the Ag paste 
sample where the Ag particles and flakes surrounded by epoxy 
resin are in point contact with the PCMO surface.21) On the basis 
of this model, it is thought that the properties of the point-contact 
Ag/LCMO interface such as contact area and AlOx surrounding 
Ag grain have a great influence on the resistance switching 
properties of Ag–Al alloy/LCMO/Pt structures. The Al-33%Ag 

TE structure shows lower pulse voltage (±5 V) and shorter pulse 
width (100 ns) than those of Al-50%Ag TE structure,18) which 
may be attributed to the different contact state of Ag–Al alloy/
LCMO interface. As seen in Table 1, the resistance value of HRS 
and LRS of Al-33%Ag TE structure are significantly larger than 
those of Al-50%Ag TE structure, which also suggests that the 
effective area of Ag/LCMO memory cell was reduced in Al-
33%Ag TE structure. Such reducing memory cell area for the 
point-contact Ag/LCMO interface will facilitate the switching 
operation. Therefore, to some extent, the switching speed can be 
improved in Al–Ag alloy/LCMO/Pt structures by decreasing the 
Ag content. To further improve the RS performance, however, 
more experiments need to optimize the Ag content.

4. Summary
In conclusion, we found that RS capability can be greatly 

improved by combining LCMO with Al-33%Ag alloy electrode. 
The switching properties and the RS mechanism were 
successfully explained by a model of the formation of Ag-
contained AlOx layer.
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