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Abstract

In order to realize next-generation memory devices,
we prepared ZrO: films at temperatures below 200 °C
and investigated the fundamental properties of the
ZrOz films. In this study, the ZrO2 film without an in-
terfacial layer observed on the Si substrate. The tex-
ture of the ZrO: film with dominant monoclinic phase
showed fiber structure to the film thickness direction.
The optical bandgap of ZrO: film using Ar+O: gas
mixture (30%) was 4.47 eV. Furthermore, the ZrO:
film indicated the relative excellent insulating property
from results of C-V and I-V measurement. The ZrO:
films with low temperature deposition will be needed
next-generation memory devices in the future.

1. Introduction

The next-generation devices such as nonvolatile
memory (NVM), resistive random-access memory
(RRAM), and metal oxide-based electrochemical metalliza-
tion memory (ECM) have attracted extensive attention due
to the conventional memories approaching their scaling
limits.[*-® As one of the high dielectric materials, zirconium
oxide (ZrO,) thin film with relatively high dielectric con-
stant (20~30) is an attractive metal oxide with wide band
gap (5.8 eV) because of thermodynamic stability in contact
with Si substrate.”*® The ZrO, film has many phases such
as monoclinic phase (m-ZrQO,), tetragonal phase (t-ZrOy),
cubic phase (c-ZrO;), and amorphous structure.l®! Since
ZrO; film has many phases, it is necessary to form different
phases depending on the intended use. However, the phase
and structure of the ZrO; film depend on the deposition
method and the condition.

In this study, we prepare ZrO, films at temperatures
below 200 °C in order to suppress the diffusion and reac-
tion with the underlying material and investigated the fun-
damental properties of the ZrO; films with different ratio of
sputtering gas mixture. The ZrO, films have been charac-
terized by FE-SEM, XRD, UV-vis NIR, C-V and I-V
measurement.

2. Experimental Procedure

ZrO- films were deposited on a p-type Si(100) substrate
that has been rinsed with hydrofluoric acid solution using a
RF reactive sputtering system. A pure 99% ZrO- disk with a
diameter of 50 mm was used as sputtering target. The sput-
tering mixture gas ratio of Ar + O, is used oxygen in the
range of 20% to 40% to obtain the ZrO, film. The RF pow-
er and sputtering substrate temperature of the ZrO. films

were 200W and 200 °C, respectively. Feld emission scan-
ning electron microscope (FE-SEM) and X-ray diffraction
(XRD) were used to evaluate the cross-sectional structure,
the crystallographic structure. The optical transmittance and
optical bandgap of ZrO; films were measured by ultravio-
let-visible-near infrared (UV-vis NIR) spectrophotometer
(Shimadzu: UV-3600) in the wavelength range 200-800 nm.
Fundamental electrical properties based on capaci-
tance-voltage (C-V) and current-voltage (I-V) measure-
ments of Cu/ZrO,/Si specimen were performed by using
HIOKI IM3536 LCR meter and Agilent 4155C semicon-
ductor parameter analyzers. To form the Cu/ZrO,/Si speci-
mens for electrical measurement, Cu top electrode
(©0.1mm) were prepared on the ZrO,/Si specimens in the
RF sputtering system using a Cu target with an Ar gas.

3. Results and Discussion

First, the structure/texture of the ZrO, film on the Si
substrate was examined under the sputtering condition in
which the gas mixture ratio of Ar + O, gas was changed.
Figure 1 shows FE-SEM images of the ZrO, film deposited
at 200 °C under different ratio in Ar + O, gas mixture. In
Fig. 1(a), fiber structure to the film thickness direction ob-
tained from the ZrO, film without an interfacial layer is
observed. But, it seems that aggregation of ZrO, grains has
occurred as seen in Fig. 1(b).

Figure 2 shows the XRD patterns of the ZrO, film at
prepared at 200 °C under different sputtering condition of
Ar + O, gas mixture ratio. In Fig. 2(a), reflection lines cor-
responding to m-ZrO, and t-ZrO, are simultaneously ob-
served.l8] But, the intensity of the peak from t-ZrO, is very
weak. This indicates that the dominant phase of ZrO, film
is the monoclinic phase. On the other hand, as shown in Fig.
2(b), the intensity of reflection line corresponding to
m-ZrO; is slightly decreased. XRD results suggest that the
obtained ZrO, film with monoclinic phase in normal direc-
tion is formed. Considering the results of FE-SEM and
XRD, we decided to use ZrO, film using the sputtering
condition of Ar + 02(30%) gas mixture.

We performed UV-vis NIR measurement to the optical
transmittance and optical bandgap of ZrO; films. Figure 3
shows the wavelength dependence of optical transmittance
spectra of the ZrO; film using Ar + 0,(30%) gas mixture. A
sharp absorption edge is observed at the wavelength of
~350 nm. The optical bandgap is determined from plot of
(ahv)? as a function of photon energy (#v) as reported by
Tauc.[®] The optical bandgap of the obtained ZrO, films is
4.47 eV as shown in Fig. 4.
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Figure 5 shows the relative dielectric constant of ZrO,
film as a function of frequency from 1 to 8 MHz. The rela-
tive dielectric constant of ZrO; film of 1MHz is about 18.
The relative dielectric constant decreases slightly as the
frequency is increases.

The leak current density - voltage (J-V) characteristics
of the Cu/ZrO,/Si specimen is shown in Fig. 1. The 50 nm
thick ZrO, films was used for this measurement. the leak
current density seen at 3V in the measurement is less than
1.0E-6A/cm?.

We will elucidate the characteristics of ZrO: film after
annealing treatment, and will report the details in confer-
ence.

4. Conclusions

We can prepare the ZrO, films sputter-deposited at
200 °C to fabricate next-generation memory and resistive
switching devices. The obtained ZrO film mainly shows
the monoclinic phase with fiber structure even deposited at
low temperature of 200 °C. The optical bandgap, dielectric
constant, and leak current of ZrO, films shows 4.47¢V, 18
at 1MHz, 1.0E-6A/cm? at 3V. Despite the low temperature
processing, relatively good characteristics were obtained.
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Fig. 1 FE-SEM image of ZrO2 film prepared at 200 °C under dif-
ferent Ar+O2 gas mixture ratio: (a) Ar:02.=70:30 and (b)
Ar:02=60:40.
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Fig. 2 XRD patterns of the ZrOz film prepared at 200 °C under
different Ar+0O2 gas mixture ratio: (a) Ar:02=70:30 and (b)

Ar:0,=60:40.
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Fig. 3 (ahv)? versus (hv) curves of ZrO: film prepared at 200 °C
using Ar+0O2 gas mixture (30%).
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Fig. 4 Dielectric constant of ZrO: film prepared at 200 °C using
Ar+02 gas mixture (30%) as a function of frequencies.
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Fig.5 Current density-voltage curves of Cu/ZrO./Si specimen.
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