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BiFeOs thin films were prepared on LaNiOs; (LNO)-electrodized thermally oxidized silicon substrate
by chemical solution deposition method. X-ray diffraction analysis revealed that the well-crystallized
BiFeOs3 thin films were obtained with no impurity phases. The resultant BiFeOs thin films were provided
with the dense and uniform surface morphology. The dielectric constant and dielectric loss at 10 kHz
of BiFeOs thin film on LNO electrode were 202 and 0.057, respectively. Large double remanent polar-
ization of 90.9 wC/cm? was observed. Furthermore, the trap-controlled space charge limited conduction
mechanisms of the leakage current behavior of BiFeOs films on LNO electrode was suggested.

Crown Copyright © 2010 Published by Elsevier B.V. All rights reserved.

1. Introduction

In recent years, multiferroic materials coupling the different
ordering phenomena have been attracting considerable attention
for potential application in information storage, such as spintronics,
nonvolatile memory cells and so on [1-3]. Previous investigations
demonstrated that BiFeO; was one of the most actively studied
multiferroic oxides with the existence of the ferroelectricity and
antiferromagnetism simultaneously at room temperature due to
the high Curie temperature (T.=850°C) and Neel temperature
(Tn=370°C) [2-5]. Much interest has been aroused by realization
of the large remanent polarization of epitaxial BiFeOs thin film on
various substrates. However, the following applications of BiFeO3
thin film in electronic devices were hampered by its serious leakage
current problem related with impurity phases, boundaries, non-
stoichiometry and chemical valance fluctuation of Fe ions.

To enhance the electrical properties, ferroelectric films were
usually integrated on some metal oxide electrodes instead of the
noble metal electrodes like Pt. Of particular interest, the LaNiO3
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(LNO) is a promising conducting oxide. Bao et al. reported that the
formation of a coherent interface between LNO and ferroelectric
films can enhance the orientation and improve the crystallinity of
films, which is beneficial for the good dielectric and ferroelectric
properties [6]. The larger remanent polarization and better fatigue
property as well as the reduced leakage current density of the Pb(Zr,
Ti)Os, (Ba, Sr)TiO3, Big_xLaxTiO3 films grown on LNO electrode were
extensively reported before [7-10]. However, few investigations
were made on BiFeOs films on LNO bottom electrode compared
with SrRuO3 and Pt. Meanwhile, the LNO has a perovskite structure
with pseudocubic symmetry and a lattice parameter of 0.384 nm,
matching well with the BeFeO3 (0.396nm) [3,7]. Therefore, the
good electrical properties of BeFeOs3 thin films are reasonably
desired. In this study, the BiFeO5 thin films were deposited on LNO
coated thermally oxidized silicon substrate (SiO,/Si) by chemical
solution deposition method (CSD). The structure, dielectric, ferro-
electric properties as well as leakage current behavior of BiFeO3
thin films were investigated.

2. Experimental
The BiFeOs thin films were prepared on thermally oxidized silicon substrates

coated with LNO electrode by CSD. The BiFeOs solutions were synthesized using
bismuth nitrate [Bi(NOs3); - 9H,0] and iron nitrate [Fe(NOs)s - 5H,0] as raw mate-
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Fig. 1. XRD patterns of BiFeOs thin films deposited on LNO coated SiO-/Si substrate.
The patterns of BiFeOs thin films were indexed according to JCPDS card no. 20-0169.
The black dots denote the peaks of LNO electrode.

rial. Bismuth nitrate and iron nitrate were dissolved into the glacial acetic acid and
2-methoxyethanol at room temperature under the constant stirring, respectively.
After mixing the above solutions, a moderate amount of diethanolamine was added
to obtain the smooth and dense surface. The molar ratio of Bi:Fe=1.05:1 was iden-
tified to compensate for the Bi loss during the post-annealing process. Finally, the
depositions were carried out by spin coating techniques on the LNO coated SiO,/Si
substrates at 3000 rpm for 15s. Each layer was preheated at 350°C for 5min to
remove volatile materials. The above spin coating and preheating procedures were
repeated until the desired film thickness was achieved. Finally, the thin films were
crystallized at 500 °C for 30 min at air ambient. The LNO thin films were also obtained
by CSD, which has been described elsewhere in details [11]. Before the deposition
of BiFeOs solution, the LNO thin films were crystallized at 700 °C for an hour.

The crystalline phases of BiFeO3 and LNO thin films were characterized in 6-26
mode by a Rigaku (D-MAX 2200VPC) X-ray diffractometer (XRD) with CuK, radia-
tion (A =0.154 nm). The surface and cross-sectional morphology was characterized
by the S-4800 scanning electron microscopy (SEM, Hitachi). The SEM confirms that
the thickness of BiFeO3 and LNO thin films are 480 nm and 100 nm, repectively. To
measure the electrical properties, Pt circular top electrodes with diameter of 0.3 mm
were deposited on the surfaces of the films through a shadow mask. The dielectric
constant and dielectric loss were measured using Agilent 4294a LCR meter and the
ferroelectric properties were characterized by TF Analyzer 2000 System. Leakage
current behaviors were analyzed by voltage scanning mode at room temperature
by Keithley 236 sourcemeter.

3. Result and discussion

Fig. 1 shows the XRD patterns of BiFeOs thin films grown on
LNO buffered SiO,/Si substrates. The patterns of BiFeO3 thin films
were indexed according to JCPDS card no. 20-0169. For comparison,
the XRD patterns of the bare LNO electrode with (1 1 0) preferential
orientation were also shown in Fig. 1. The polycrystalline nature of
BiFeOs3 thin films with (1 1 0) orientation is observed and all intense
peaks indicate that the BiFeOs3 thin films annealed at 500 °C is well
crystallized. Epitaxially grown BiFeOs thin films with monoclinic
symmetry were reported owing to the strain between films and
substrate [2]. However, according to the XRD patterns, the per-
ovskite structure of BiFeOj3 thin film with rhombohedral symmetry
can be confirmed, which is similar to previous reports [4,5]. Addi-
tionally, except for the patterns of LNO layers, no peak of impurity
phases such as BiyFe4Og and BiggFe, 07, was detected, indicating
that the pure BiFeO3 phase was obtained. These results suggest
that the LNO thin films can serve as a good template for BiFeO3
growth during the annealing process. Fig. 2 shows the typical sur-
face morphology of BiFeOs thin films. The smooth and dense surface
morphology can be observed with well-distributed fine grains. The
BiFeO3; and LaNiO3 thin films with thickness of about 480 nm and
100 nm were confirmed by cross-sectional SEM.

Frequency-dependent dielectric constant and dielectric loss of
BiFeO3 thin films deposited on LNO coated SiO,/Si substrates
were plotted in Fig. 3. No sudden change of dielectric constant
was observed in the frequency range up to 1 MHz. The dielectric

200nm

Fig. 2. SEM images surface morphology of BiFeOs thin films on LNO coated SiO,/Si
substrates.

constant of BiFeO3 thin film decreases slightly as the frequency
increases from 1kHz, indicating that the good interfaces between
films and electrodes were obtained and the ferroelectricity orig-
inates from the intrinsic polarization, not from the interface
polarization [5]. The decrease of dielectric constant at high fre-
quency was attributed to fact that the polarizations with large
relaxation times cease to respond [12]. Moreover, the dielectric loss
increases slowly at low frequency range, and increases when the
frequency above 100 kHz, which was believed to be related with the
increased contribution of dc conductivity due to the space charges
near the interfaces. The dielectric constant and dielectric loss at
10kHz were 202 and 0.045, respectively. The dielectric constant
value is higher than that of BiFeOs thin films on Pt bottom electrode
by chemical solution deposition, and comparable with the corre-
sponding result obtained by PLD [13-15]. This was supposed to be
related with the existence of the LNO bottom electrode, offering
the nucleation sites and promoting formation of the perovskite-
structure BiFeOs.

The remanent polarization of BiFeOs thin films as function of
applied voltage with a configuration of Pt/BiFeO3/LNO/SiO,/Si is
shown in Fig. 4, which was measured at 1 kHz. The remanent polar-
ization increases significantly as the applied voltage, however, the
unsaturated loops can be observed, which was attributed to the
large leakage current. The double remanent polarization (2P;) and
double coercive field (2E;) of BiFeOs thin films on LNO electrode are
identified to be 90.9 wC/cm? and 744.6 kV/cm, respectively, under
the applied fields of 500 kV/cm. The 2P; is lower than that of BiFeO3
single crystals, and higher than that of BiFeO3 ceramics and films on
Pt, STRuOs3 electrodes [13,14]. Wang et al. reported that the ferro-
electricity of epitaxial BiFeOs thin films originates from the relative
displacements of Bi ion and Fe-0 octahedron along the (11 1) ori-
entation and the larger projection polarization along the (110)
orientation is observed than that of the (100) orientation. There-
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Fig. 3. Dielectric constant and dielectric loss of Pt/BiFeO3;/LNO films capacitor.
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Fig.4. The remanent polarization of BiFeOs thin films as function of applied voltage
with a configuration of Pt/BiFeO3/LNO/SiO;/Si measured at room temperature.

fore, the large polarization is reasonably desired in the present work
since the BiFeO3 thin films show (11 0) preferred orientation as
deposited on LNO layers.

Fig. 5a shows the typical leakage current characteristics of
BiFeO; film in semi-log scale. The current-voltage (I-V) curve
exhibits asymmetry in the positive and negative region. Under the
applied fields of 100 kV/cm, the leakage current density of the pos-
itive region was identified to be about 1.41 wA/cm?, which is ten
times as that of negative region. This asymmetry was believed to
be related with the difference of Pt and LNO electrodes. The asym-
metric internal electrical fields near the film/electrode interfaces
can be formed due to the accumulation of oxygen vacancies or
other defects, which can compensate the applied voltage and influ-
ence the carrier injection. Meanwhile, the current density in our
work is low as the BiFeOs films on Pt electrode by the chemical
solution deposition, which is favorable for the large polarization at
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Fig. 5. Current-voltage curves of Pt/BiFeO3;/LNO capacitor plotted: (a) in semi-log
scale,and (b) in double-log scale of positive region. The color lines denote the linearly
fitting result (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of the article.).

high electrical field [14]. Although large leakage current of BiFeO3
thin films was generally observed, the dominant conduction mech-
anisms exhibit discrepancy due to the difference of granularity,
grain boundaries and the film/electrode interface. The dominant
Poole-Frenkel emission, trap-controlled space charge limited con-
duction (SCLC) mechanism and Schottky emission of BiFeO3 thin
films were suggested before [16,17]. To get more insight into trans-
port behavior of carriers, the conduction mechanism of BiFeO3 thin
films on LNO was investigated. Fig. 5b shows I-V curve of positive
branch in double-log scale. It is evident that the I-Vrelationship can
be classified into three stages. At the low voltage region (V<1.2V),
I-V curve exhibits the linear behavior, corresponding to the Ohmic
conduction mechanism, which is due to the dominant thermally
generated carriers inside BiFeOs thin films over the injected car-
riers caused by the narrower band-gap. While at higher voltage,
a quadratic dependence of the current on voltage (IxV23) was
observed. And then the sharp current increase can be identified
above the threshold voltage of 6.5V with the slope reaching about
10.0 (I V199), The conduction behaviors can be well explained by
the trap-controlled space charge limited conduction (SCLC) mecha-
nism [18-20]. And the threshold voltage corresponds to transition
voltage from the trap-unfilled region to the trap-filled region of
SCLC.

In conclusion, the pure BiFeOs thin film with rhombohedral
symmetry was deposited on the LNO coated thermally oxidized Si
substrates by CSD. High dielectric constant and low dielectric loss
of BiFeOj5 thin film on LNO electrode were obtained. The large dou-
ble remanent polarization (2P;) and double coercive field (2E.) of
BiFeOjs films on LNO electrode are identified to be 90.9 w.C/cm? and
744.6 kV/cm, respectively, under the applied fields of 500 kV/cm.
Meanwhile, the leakage current conduction behavior of BiFeOs
films on LNO electrode was dominated by the space charge limited
conduction mechanisms.
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