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1. Introduction
Resistive-switching random access memory (ReRAM)

device, such as NiO, TiO2, ZrO2, HfO2 [1-4], etc., is a
promising candidate for the next-generation nonvolatile
memory, because of its simple structure, low power opera-
tion, and high density integration. During the switching
process of these oxides, the forming process is often needed
to achieve the stable resistive switching (RS) cycles [4].
However, this process usually requires a higher bias and
may cause unpredictable resistance states. Up to now, the
electroforming-free phenomenon has not been found in the
rare-earth (RE) oxide materials.
2. Experiment

A ~20 nm RE2O3 thin films were deposited on
TaN/SiO2/Si substrates at room temperature by means of rf
sputtering with a mixture of Ar and O2 using a metal Nd,
Dy, or Er target. In order to measure the electrical charac-
teristics of the RE2O3 films, Ru top electrodes of 200 μm in 
diameter were deposited at room temperature through dc
sputtering with a metal shadow mask. All processing step
of Ru/RE2O3/TaN memory structure was made in RT.
3. Results and discussion

A stronger TaN (111) reflection peak was found in the
XRD pattern (Fig. 1), but no RE2O3 diffraction peak ap-
peared in the RE2O3/TaN/SiO2/Si structure. This indicates
that these RE2O3 thin films are amorphous structure.

Fig. 2 depicts I–V characteristics of the Ru/RE2O3/TaN
ReRAM devices using RE2O3 films. No initial electro-
forming process is needed for these fresh devices to obtain
RS behavior. When the bias is swept from 0 to 4 V, a re-
producible unipolar RS behavior is found in these devices.
As the voltage went from zero to a positive voltage up to
Vset with a compliance current of 2 mA, the device
switched from a high-resistance state (HRS) to a
low-resistance state (LRS) and its current increased ab-
ruptly. The device kept in the LRS until the voltage was
swept from zero to a positive value at Vreset. When the posi-
tive voltage exceeded Vreset, the device switched back to the
HRS again. The Ru/RE2O3/TaN device using a Dy2O3 film
exhibits a higher ratio between HRS and LRS than that of
both Nd2O3 and Er2O3 films. Fig. 3 and 4 show the loga-
rithmic plots of the I-V curve for the Ru/RE2O3/TaN
ReRAM devices in the HRS and LRS, respectively. The
conduction behavior in the HRS is controlled by Ohm’s law
a low voltage region due to the straight slope. Furthermore,
the conduction behavior in the LRS undergoes Ohmic

transport at because the logarithmic plot of the I-V curve is
a linear line with a slope of about 1, as shown in Fig. 4.

The Nd 3d, Dy 4d, and Er 4d spectra, as shown in,
demonstrate the coexistence of neodymium ions and metal-
lic Nd0 in Nd2O3, the coexistence of dysprosium ions and
metallic Dy0 in Dy2O3, and the coexistence of erbium ions
and metallic Er0 in Er2O3. The metallic RE is associated
with the conductive filament. In addition, the O 1s spectra
of Nd2O3, Dy2O3, and Er2O3 films, as shown in Fig. 6(a)-(c),
indicate the composition of lattice oxygen ions (O at 529.5
eV) and nonlattice oxygen ions (O at 532.4 eV) in Nd2O3,
lattice oxygen ions (O at 529.4 eV) and nonlattice oxygen
ions (O at 531.9 eV) in Dy2O3, and lattice oxygen ions (O
at 529.7 eV) and nonlattice oxygen ions (O at 532.2 eV) in
Er2O3 [5]. The formation of conductive filaments should be
attributed to the localized agglomeration of the oxygen va-
cancies (VO

2+) in RE2O3 film, by analogy with the metallic
Re, as shown in Fig. 7. We describe a microscopic model
of filament formation and rupture for the Ru/RE2O3/TaN by
employing the stable vacancy states.

Fig. 8 shows the retention of the Ru/RE2O3/TaN device
at 0.5 V read-out. Both HRS and LRS for the Dy2O3 and
Er2O3 films are almost kept at the same resistance values
without any observable degradation at 25°C. Consequently,
these devices exhibit nondestructive readout and good reli-
ability. The endurance characteristics of the Ru/RE2O3/TaN
devices are shown in Fig. 9. The resistance ratio between
two states for the Dy2O3 film is still more than 110. In con-
trast, the Ru/Nd2O3/TaN ReRAM device exhibited the un-
stable RS behavior and switching cycle less than 30.
4. Conclusions

The RS characteristics of Ru/RE2O3/TaN memory de-
vices with full room temperature process have been
demonstrated. The dominant conduction mechanisms of
LRS and HRS are Ohmic behavior. The Ru/Dy2O3/TaN
ReRAM memory device has the characteristics of
no-electroforming process, high resistance ratio, good data
retention and endurance. This memory device is very
promising candidate for future nonvolatile ReRAM
memory applications.
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