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Abstract Thin films of NiO were deposited on Pt/Ta/glass
sub-strates using a radio frequency (RF) sputtering method.
The NiO thin films showed polycrystalline nature, indicating
preferentially (111)-oriented structure. The resistive random ac-
cess memory (RRAM) capacitor of a Pt/NiO/Pt structure ex-
hibited unipolar switching characteristics and bistable resistiv-
ities for 200 repeated switching cycles. Furthermore, RRAM
nanobits array was formed on the NiO thin films by applying a
bias. The RRAM nanobits had a diameter of approximately
8 nm and were observed via a conducting atomic force micro-
scope (CAFM). The density of the RRAM nanobits array was
estimated to be approximately 0.64 Tbit/cm2.
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1 Introduction

Non-volatile random access memory (NVRAM) is an
attractive data storage device because it can retain infor-
mation in the absence of power [1–5]. There are many
kinds of NVRAMs including magnetic RAM (MRAM),
ferroelectric RAM (FeRAM), phase-change RAM (PRAM),

resistiveRAM (RRAM) aswell as conventional Flashmemory
[6, 7]. Among these, RRAM technology utilizes two switch-
able resistance states, a high resistance state (HRS) and a low
resistance state (LRS), as a binary code [3, 8, 9]. These
two resistance states of RRAM materials are easily
switched by applying SET and RESET voltages at
RRAM capacitors. The resistive switching phenomena are
widely observed in various transition metal oxides such as
NiO, TiO2, SrTiO3, Pr0.7Ca0.3MnO3, Cr-doped SrZrO3, and
BiFeO3 [9–15]. In particular, nickel oxide (NiO) has been
intensively studied as an RRAM material due to its low
operating voltages, fast operation speeds, and reproducible
resistive switching characteristics [10, 16–21].

RRAM devices have simple metal/insulator capacitor
structure (MIM) consisting of one insulating film and two
electrodes [16]. Usually, the fabricated thin film exhibits poly-
crystalline or epitaxial structure with a thickness of approxi-
mately a hundred nanometers [10, 21]. Single crystal wafers
such as Si and SrTiO3 are widely used as substrates for depos-
iting electrodes and insulating thin films [22, 23]. However,
glass substrates for the formation of RRAM capacitors have
seldom been used because glasses have amorphous structures.
In this study, we investigate the resistive switching charac-
teristics of NiO thin films grown on a glass substrate with
Ta adhesion layer and a Pt bottom electrode. We further
demonstrate an NiO RRAM nanobits array via conducting
atomic force microscope (CAFM).

2 Experimental

Polycrystalline NiO thin films were deposited on Pt/Ta/glass
substrates via radio frequency (RF) sputtering. The Pt/Ta/glass
substrates were prepared for the deposition of a NiO
thin film using the following processes. To obtain a well-
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crystallized Pt electrode on a glass substrate, a adhesion
layer of Ta was deposited between the Pt top electrode and
the glass substrate. A 5-nm thick Ta film was deposited as an
adhesion layer on glass at 100 W RF power with 10 mTorr Ar
gas at 500 °C. After the deposition of the Ta adhesion layer, a
50-nm thick Pt electrode film was deposited on the Ta/glass
substrate at 50 W RF power with 10 mTorr at 600 °C. After
the preparation of the Pt/Ta/glass substrate, the NiO thin film
was fabricated at 100 W RF power with 10 mTorr at 400 °C.
The surface morphology and roughness of the NiO thin film
were observed via an atomic force microscope (AFM).
Figure 1(a) shows a schematic drawing of the NiO RRAM
capacitor consisting of two Pt electrodes and one NiO thin
film. After the fabrication of the NiO thin film, Pt top
electrodes were also prepared using RF sputtering.

3 Results and discussion

First, the structural properties of the NiO thin films on the Pt/
Ta/glass substrates were investigated by conducting X-ray dif-
fraction experiments. Figure 1(b) shows the X-ray diffraction
(XRD) pattern of the NiO thin film on a Pt/Ta/glass substrate.
There are three XRD peaks genera ted from the
Pt bottom electrode and the NiO thin film. The Ta
adhesion layer does not exhibit an XRD peak because it is

very thin (5 nm in thickness). From the Pt (111) XRD peak,
it is inferred that the Pt bottom electrode is preferentially
(111)-oriented polycrystalline. In particular, the NiO thin film
has two XRD peaks of (111) and (200) orientations, indicating
that the NiO thin film is also polycrystalline on the polycrys-
talline Pt bottom electrode. The full width at half maximums
(FWHMs) of the (111) and (200) peaks are broader than that
of the Pt bottom electrode, indicating that the NiO thin film
has grains smaller than those of the Pt bottom electrode. In
addition, the intensity of the (111) XRD peak is significantly
larger than that of the (200) XRD peak. Thus, the polycrystal-
line NiO thin film on the Pt/Ta/glass substrate has preferen-
tially (111)-oriented structure.

To confirm the resistive switching characteristics of the NiO
thin film, we examined the current–voltage characteristics in
the Pt/NiO/Pt capacitor structure, as shown in Fig. 2(a). The
NiO capacitor exhibited a typical unipolar switching behavior.
The current values of the RON and ROFF states are clearly dis-
tinguished, indicating that the NiO capacitor has a large resis-
tivity difference between the low resistance state (LRS) and
high resistance state (HRS). The SET and RESET voltages,
forming the two resistance states of LRS and HRS, were
estimated be 1.2 and 2.7 V, respectively. The endurance
characteristics of the NiO RRAM capacitors were also in-
vestigated to confirm the reliability. The bistable resistances
for the HRS and LRS were measured as a function of the

Fig. 1 (a) A schematic drawing
of the NiO RRAM capacitor
made of NiO thin film grown on a
Pt/Ta/glass substrate. (b) X-ray
diffraction pattern of the NiO
thin film on the Pt/Ta/glass
substrate

Fig. 2 (a) Typical resistive
switching characteristics of the
NiO RRAM capacitor. (b)
Bistable resistivities as a function
of switching cycle for the NiO
RRAM capacitor

J Electroceram



switching cycle up to 200 (Fig. 2(b)). The endurance and
non-overlapping window results reveal that the NiO thin
film on glass substrate can potentially be used for memory
applications.

To investigate the characteristics of high-density data stor-
age, we demonstrate the formation and observation of RRAM
nanobits using CAFM [24, 25]. Figure 3(a) shows an AFM
image of the NiO thin film grown on a Pt/Ta/glass substrate.
There are round grains on the surface of the NiO thin filmwith
an average grain size of approximately 30 nm. It is possible to
form a local nanoscale region consisting of conducting fila-
ments by applying a bias between the CAFM tip and the
bottom electrode. As a result, this local region functions as a
conducting nanobit, electrically conducting as an LRS state.
In this study, this conducting nanobit is referred to as an
BRRAM nanobit^. The RRAM nanobit in an LRS state could
be formed by applying a bias of 3.0 V. This RRAM nanobit is
conductive and consists of conducting filaments surrounded
by insulating NiO thin film. Therefore, the RRAM nanobit
array was directly observed by using the CAFM.
Figure 3(b) shows a CAFM image of the RRAM nanobit
array. The diameter of the RRAM nanobit is approximately
9 nm. We successfully formed and observed sixteen
RRAM nanobits on a square area of 50 nm × 50 nm in
size. Hence, a density of the RRAM nanodot array was
estimated to be approximately 0.64 Tbit/cm2.

4 Conclusions

In summary, we deposited NiO/Pt/Ta thin films on a glass
substrate to fabricate a polycrystalline NiO thin film RRAM.
According to XRD analysis, the (111) preferred orientation
was observed on the polycrystalline NiO thin film. The NiO
RRAM capacitor exhibited typical unipolar switching behav-
ior with SET and RESET voltages of 1.2 and 2.7 V, respec-
tively. We further investigated high-density data storage char-
acteristics based on CAFM measurements. The RRAM
nanobits had diameters of approximately 9 nm and the data
storage density was approximately 0.64 Tbit/cm2.
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