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Abstract

The bipolar switching and electrical conduction properties in transparent vanadium oxide (VO) resistance random access memory

device were investigated in this study. The as-deposited VO thin films were deposited onto transparent indium tin oxide (ITO) substrate

for the possible application in the structure of system on panel (SOP) devices. The transmittance of as-deposited VO thin films within the

UV–vis spectrum in the wavelength range of 300–1100 nm was obtained. In addition, the Al/VO/ITO device shows reliable bipolar

switching behaviors. The on/off ratio and biopolar switching cycling of two stable states for resistance random access memory device

were found. We suggested that the current–voltage characteristics were governed by the space charge limit conduction (SCLC) transport

models mechanism in low and high voltage regions.
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1. Introduction

Various functional thin films were widely focused on the
applications in non-volatile random access memory
(NvRAM), for example smart memory cards and portable
electrical devices which utilize excellent memory character-
istics such as high storage capacity, long retention cycles,
low electric consumption, non-volatility, and high speed
readout. Besides, the various non-volatile random access
memory devices, like ferroelectric random access memory
(FeRAM), magnetron memory (MRAM), resistance ran-
dom access memory (RRAM), and flash memory were
widely discussed and investigated [1–10]; however,
RRAMs are attractive in the sunrise memory device
applications. In addition, systems on panel (SOP) technol-
ogy is also widely investigated and the integrated electronic
devices on transparent conductive thin film will be impor-
tant in the future. High quality and reliable transparent
conductive thin films on glass substrate for RRAM cell
were also developed [1,9]. The objective of this work is to
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study the possible applications of vanadium oxide (VO)
thin films deposited onto ITO/glass substrate as transpar-
ent RRAM. The bipolar resistive switching properties of
VO thin films were well developed and investigated in the
metal–insulator–metal (MIM) structure for application in
memory devices. We show that as-deposited VO thin film
is a candidate for fabrication of the memory devices. In
addition, the leakage current density, current transport
mechanism, and the current ratio of VO thin films were
fabricated using rf magnetron sputtering and were
characterized.

2. Experimental details

The VO thin films were deposited onto ITO/glass
substrate by the rf magnetron sputtering method under
the optimal deposition parameters such as the rf power of
110 W, chamber pressure of 10 mTorr, and oxygen con-
centration of 40%. The XRD patterns of the VO thin films
were recorded to determine their crystallographic structure
in the 2y-degree range of 20–601 using SIEMENS D5000.
To complete the MIM structure, the VO target was placed
5–8 cm away from the ITO/glass substrate. An array of
Ltd and Techna Group S.r.l. All rights reserved.
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circular top contacts with a diameter of 0.1 cm was formed
by depositing an Al film with 500 nm thickness through a
metal mask by thermal evaporation in a vacuum system
operating at 1� 10�5 Torr. The MIM devices are schema-
tically shown in Fig. 1. The current versus applied voltage
(I–V) properties of VO thin films were measured by a
semiconductor parameter analyzer (HP 4156).

3. Results and discussion

Fig. 2 shows the X-ray diffraction patterns of the as-
deposited VO thin films for 60% oxygen concentration
on ITO substrate prepared with sintering at different
Fig. 1. Metal–insulator–metal (MIM) structure using as-deposited VO

thin films.

Fig. 2. X-ray diffraction patterns of the as-deposited VO thin films on

ITO substrate for different sintering temperatures.

Fig. 3. Surface morphology for (a) as-deposit
temperatures. From the XRD patterns, we found that
the VO thin films exhibited polycrystalline structure.
In addition, the (110), (222), and (400) peaks were observed
in the XRD pattern.
The intensity of the (110) peak of the thin films increases

linearly as the sintering temperature increases from 400 to
550 1C. The intensity of the (110) peak of the as-deposited
thin films decreases at sintering temperatures from 550 to
600 1C. As shown in Fig. 2, the (110) preferred phase and
the smallest full-width-half-maximum (FWHM) value
were exhibited by the as-deposited VO thin film with
sintering at a temperature of 550 1C. The polycrystalline
structure of the as-deposited VO thin film was optimal at
550 1C sintering temperature.
The thickness of as-deposited vanadium oxide thin films

for different sintering temperatures was determined by
SEM morphology. As the oxygen concentration increases
from 0% to 60%, the thickness of as-deposited vanadium
oxide thin films decreases linearly. In addition, the deposi-
tion rate of as-deposited VO thin films with 60% oxygen
concentration was 2.62 nm/min. The decrease in the
deposition rate and thickness of as-depoisted VO thin
films might be affected by the decrease in Ar/O2 ratio.
The Ar/O2 ratio was adjusted using argon gas to generate

the plasma on the surface of the as-depoisted VO ceramic
target during sputtering. Fig. 3 shows the surface morphol-
ogy for the as-deposited and 500 1C sintered VO thin films.
We found that the grain sizes of 500 1C sintered VO thin
films were larger than the others. Fig. 4 shows the current
versus applied voltage (I–V) properties of VO thin films for
various oxygen concentrations. After the starting process,
the device reached a low resistance state (LRS) and a high
resistance state (HRS). By sweeping the bias to negative over
the reset voltage, a gradual decrease of current was presented
to switch the cells from LRS to HRS (reset process).
Additionally, the cell turns back to LRS on applying a
larger positive bias than the set voltage (set process).
All of the VO thin films exhibit a bipolar behavior. The

I–V properties of as-deposited VO thin films of 60%
oxygen concentration were about 1� 10�4 A/cm2 under
an applied electrical voltage of 0.1 V. During the rf
sputtering deposition process, oxygen vacancies appeared
in the as-deposited VO thin films. The defects and oxygen
ed and (b) 500 oC sintered VO thin films.
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Fig. 4. Typical I–V characteristics of VO thin films for different oxygen

concentrations.
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Fig. 5. Typical I–V characteristics of VO thin films for the 60% oxygen

concentration.
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Fig. 6. Typical I–V characteristics of the as-deposited VO thin films for

different sintering temperatures.
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Fig. 7. (a) The log–log plot of I–V in the reset and (b) in the set state of

the 500 oC sintered VO thin films for different sintering temperatures.
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vacancies of as-deposited VO thin films were filled and
compensated for different extents at different oxygen
concentrations. In addition, the smallest leakage current
density of as-deposited VO thin films was obtained at an
oxygen concentration of 40%. As shown in Fig. 4, the high
leakage current density and thin films of as-deposited VO
thin films for 60% oxygen concentration were attributed to
a low argon sputtering gas concentration.

Fig. 5 shows the current versus applied voltage (I–V)
properties of the transparent resistance random access memory
(RRAM) devices on ITO electrode using the VO thin films,
which exhibit the characteristic bipolar behavior. Therefore,
the I–V of as-deposited VO thin films of 60% oxygen
concentration has exhibited large on/off ratio memory
property.

Fig. 6 shows the current versus applied voltage (I–V)
properties of the as-deposited VO thin films for 60%
oxygen concentration on ITO substrate prepared by
sintering at different temperatures. From the I–V proper-
ties, we found that the VO thin films show better non-
volatile resistance memory properties.
In addition, the transport current of the VO thin films
decreases linearly as the sintering temperature increases from
450 to 500 1C. The transport current of the as-deposited VO
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Fig. 8. Switching cycle of the transparent resistance random access

memory (RRAM) devices at room temperature measured at 0.5 V.
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thin films increases at sintering temperature from 500 to
550 1C. We found that the as-deposited VO thin films
prepared by sintering at 500 1C temperature exhibited the
largest on/off ratio resistance property.

Fig. 7(a) shows the J–E characteristics of VO thin films
for the RRAM devices in terms of log I as vertical axis and
applied electrical field log V as horizontal axis. The fitting
curves were straight in this figure, and the log I versus
log V curves obey the Child law model. For slope¼1, the
VO thin films at 500 1C sintering temperature exhibit the
Ohmic conduction for positive applied voltage of 0.1–
2.5 V. For slope¼2, the 500 1C sintered VO thin films
exhibit Child’s law in a high applied voltage and it was at
the trap center region. The result has proved that it was
caused by the carriers filling the traps and defects in the
500 1C sintered VO thin films. The log I versus log V

curves of the RRAM devices for negative bias are shown
in Fig. 7(b). The 500 1C sintered VO thin films for slope¼1
also exhibit the Ohmic conduction for applied voltage of
0.1–2.5 V. The switching cycles of reliability and retention
characteristics for the VO RRAM devices were measured
and are shown in Fig. 8. There was a slight fluctuation of
resistance in the HRS and LRS states, and the stable
bipolar switching property was observed during the 20
cycles. The results show a remarkable reliable performance
of the RRAM devices for non-volatile memory
applications.

The transmittance of VO thin films within the UV–vis
spectrum in the wavelength range of 300–1100 nm at
different oxygen concentrations was obtained. The trans-
mittance in the visible range, 400–700 nm, of as-deposited
VO thin films was determined, and the maximum trans-
parency range was 92–97%. As the oxygen concentration
increases, the maximum transparency of the 60% oxygen
as-deposited VO thin films increases.
4. Conclusion

In conclusion, the VO thin films were deposited on ITO/
glass substrate using the rf magnetron sputtering method.
All the VO thin films developed in this study exhibited
transparency within the visible range. In addition, the
transparent RRAM devices exhibited the bipolar behavior.
The conduction behavior of the sintered VO thin films
exhibits the Ohmic conduction for applied voltage of
0.1–2.5 V. The as-deposited VO thin films exhibited the
Child’s law in high applied voltage and it was at the trap
center region. From these results, we conclude that the VO
thin films will be an excellent candidate for the RRAM
memory devices or other devices in the application of
system on panel (SOP) structures.
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