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Abstract

Resistive random access memory (RRAM) has
attracted considerable interest for next-generation non-
volatile memory due to its fast switching speed, simple
structure and scalability. To effectively control the
switching characteristic with excellent memory
performance, a complete study of the switching behavior
is essential. In this work, we utilize SrCoQ, (SCO) which
grows on Nb-doped SrTiO; (Nb-STO) substrate as our
dielectric layer since it exhibits large different resistance
between SrCoQO,; and SrCoQO;s, where the value of
SrCoQ,; is higher than that of SrCoO;s. Based on this
characteristic, we fabricated a Au/SCO/Nb-STO device,
and measured the SET (~1.6 V) and RESET (~-5.3 V)
process with more than 700 cycles. Meanwhile, the
conducting filaments were observed via in-situ
transmission electron microscope (TEM). From the
HRTEM results and corresponding FFT-DP (Fast-
Fourier-Transform Diffraction pattern), it is clearly
demonstrated the formation of conducting filaments is
from SrCoO,; to SrCoO;s. Accordingly, the
formation/rupture of conducting path is due to the
movement of oxygen vacancy, and hence its resistance is
able to switch reversibly between low resistance state and
high resistance state. This study not only firstly revealed
the switching mechanism of SrCoO, but also proved it to
be the promising candidate for RRAM application.

1. Introduction

Recently, resistive random access memory (RRAM) has
attracted considerable interest for next-generation non-
volatile memory due to its fast switching speed, simple
structure and scalability.[1, 2] According to previous
literature,[3, 4] the switching phenomena of conducting
bridge RRAM is based on the conducting filaments (CF)
theory. And the formation of CF could be distinguished
between valence change mechanism (VCM) and
electrochemical metallization mechanism (ECM).[5]

In this study, we utilize SrCoO, (SCO) which grows on
Nb-doped SrTiO; (0.5wt%Nb-STO) substrate as our
dielectric layer since it exhibits large different resistance

between SrCoO,s and SrCoO;s, where the resistance of
SrCo0, s is higher than that of SrC00;.s.[6] Moreover, in the
previous literature, when apply the positive voltage, it could
partially increase the oxygen pressure on SrCoO,s then
transform to SrCoQ;s.[7] Based on this characteristic, we
fabricated a Au/SCO/Nb-STO device, and measured the SET
(~1.6 V) and RESET (~-5.3 V) process with more than 700
cycles. Meanwhile, the conducting filaments were observed
via in-situ transmission electron microscope (TEM). From
the HRTEM results and corresponding FFT-DP (Fast-
Fourier-Transform Diffraction pattern), it is clearly
demonstrated the formation of conducting filaments is from
SrCo0, 5 to SrCo0;.s. Accordingly, the formation/rupture of
conducting path is due to the movement of oxygen vacancy,
and hence its resistance is able to switch reversibly between
low resistance state and high resistance state.

2. Methods, Results and Discussion
Methods

The asymmetric strontium cobaltite oxide-based RRAM,
Au/SrCoO,/Nb-STO, was prepared. The SCO is deposited on
Nb-doped STO substrate with PLD using a KrF excimer laser
at substrate temperature of 650 °C, a pressure of 100 mTorr.
Au pure metal was deposited by Electron Beam Evaporation.
TEM sample was prepared by Focus Ion Beam, and then
transferred on the electrifying chip, which was mounted on
an in-situ TEM holder (Protochips Aduro300). The TEM we
observe the reaction is JOEL F200.

Results and Discussion

Figure 1a shows the cross section of the sample, the SCO
dielectric layer thickness is about 25 nm, the Au top electrode
thickness is about 50nm, they are well-contacted between
each layer. Figure 1b is HR-TEM image of SCO, and
according to the FFT-DP, there is no crystalline structure in
initial state of SCO. Then we applied the positive bias on the
Au top electrode and negative bias on our Nb-STO substrate
in atmosphere environments.

After applied the bias, in Figure 2a, we observe that the
device exhibit the bipolar switching characteristic. The
pristine resistance of device is high, as the bias apply to 12.6V,
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the current suddenly reach the compliance current, we call
this Forming. The CF is established as long as the Forming
process complete, so the device doesn’t require such high
voltage to ‘Set’ (0.8V) the device to LRS. After the Forming
or Set processes, we ‘Reset’ (-4V~ -5.5V) the device to HRS.
Moreover, the device can switch between LRS and HRS
more than 700 cycles. The retention times measurement of
our device is shown in Figure 2b, which could verify the CF
stability. The retention time is more than 10*s and the read
voltage is 0.2V. And Figure 2c¢ shows the cumulative
probability of Set and Reset voltage; the Set voltage range
from 0.7V to 1.2V, and Reset voltage range from -4V to -5.7V.
Figure 2d shows the cumulative probability of resistance in
Au/SCO/Nb-STO device. The device ON/OFF ratio is about
10%, therefore, the device has large different resistance
between LRS and HRS, indicating that SCO is an excellent
RRAM material. Based on series electrical measurements,
the SCO RRAM device shows the high endurance, great
stability, and excellent retention times.
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Fig. 2 RRAM Electrical properties of device

From the results of Figure 2, a series of switching
characteristic in atmosphere, we want to know the switching
mechanism of device, therefore, we utilize TEM to observe
the change of microstructure after applied voltage on device.

In Figure 3a, after applying positive voltage, we observe the
dark contrast area in SCO dielectric layer, and according to
the FFT-DP, it is composed of SrCoO;. This phase
transformation is mainly caused by the movement of oxygen
vacancies. Meanwhile, when the negative bias is applied on
the device, the resistance state of the device is back to HRS.
In Figure 3b, TEM image shows that that dielectric layer is
transformed to SrCoQO,s, and the device is in HRS. The
oxygen vacancies have moved toward the dielectric layer due
to the electric field, which increase the oxygen vacancies in
SCO, and make it transform to SrCoO, s.
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Fig. 3 HR-TEM image of device after electrical measurement.

3. Conclusions

In summary, the asymmetric Au/SrCoO,s/Nb-STO
RRAM device not only has bipolar switching characteristic
but also exhibits the highly endurable and excellent stability.
The electrical measurement show that the ON/OFF ratio is up
to 10°, the Set and Reset voltage have narrow distribution,
and the retention time can reach more than 10s. Through the
HR-TEM image, we observe that the CF formation and
rupture is due to the movement of oxygen ions, which result
in the phase transformation of SCO. The above results make
SCO be the potential candidate of RRAM material.
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