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Abstract The Bi; ;sNdgsTiz01, (BNT) thin films were
deposited on Pt(111)/Ti/SiO,/Si substrates by using RF-
magnetron sputtering method and studied the ferroelectric
and leakage current charateristics. The polarization — electric
field (P-E) hysteresis loops of BNT film was well saturated
with the remnant polarization (2P,) of 29.8 uC/cm? and a
coercive field (2E.) of 121 kV/em. The leakage current
density — electric field (J-E) characteristics of the Pt/BNT/Pt
capacitor reveals the presence of two conduction region,
having Ohmic behavior at low electric field (below 50 kV/cm)
and Schottky-emission or Poole-Frenkel emission at high
electric field (above 60 kV/cm). The barrier height and
trapped level of BNT films are estimated to be 1.11 eV and
0.90 eV, respectively.

Keywords Bi3']5Nd0'g5Ti30|2 . Conductivity .
Ferroelectricity - RF-magnetron sputtering
1 Introduction

The ferroelectric and electrical properties of bismuth layer
structured ferroelectrics, such as SrBi,Ta,Oo(SBT), and
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Bi4Ti;O;, (BIT), have been intensively investigated for
applications of non-volatile memory devices [1]. The
BisTizO;, single crystal exhibited a large spontaneous
polarization and piezoelectric constants. The polarization
axis of BIT lies in the a-b plane at an angle of about 4.5° to
the a-axis. Hence there is a c-axis (P, ~ 4 uC/cm?) and an
a-axis (P, ~ 50 uC/cm?) component of polarization [2].
However, the thin films and ceramics of BIT suffer from
high leakage current and deteriorating physical properties
due to lattice defects and randomly oriented grains.
Recently, lanthanum and neodymium substituted BIT films
were reported to have a relatively large 2P,~24 uC/cm?
and excellent fatigue resistance. Kojima et al. [3] and
Watanabe et al. [4] reported that Biz 54Ndg46Ti301, and
Bi3 35Ndg 65Ti30;, thin films prepared by metal-organic
chemical vapor deposition had large 2P, value of 25 and
34 uC/em?, respectively. Zhang et al. [5] reported that the
Bi3 15NdogsTi30q, thin film fabricated by pulsed laser
deposition showed relatively small value of 8.8 pC/em?.
Wau et al. [6] and Chon et al. [7] reported that the BNT thin
films prepared by sol-gel process showed various 2P,
values of 17~103 pC/em®. The reasons of various 2P,
values for BNT films were the difference of chemical
composition, deposition method and grain orientations.

In generally, the current density — electric field character-
istics, at the low field region, are Ohmic nature. In the high
field region, different conduction mechanisms, e.g., Schottky,
Poole-Frenkel, and space charge limited conduction were
verified to explain the true nature of charge transport
phenomena in BLSFs films [8, 9].

Schottky emission mechanism is an electrode limited
conduction, where the entire leakage current is dominated
by the Schottky barrier generated at the interface of the
electrode and film. Contrary to the electrode-limited
conduction, the Poole—Frenkel mechanism is a bulk limited
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charge transport in the insulating thin film. It is recognized
in terms of lowering the potential barrier of the trap levels
during the application of an external electric field.

The previous reports were focused on the enhancement
of ferroelectric properties of Nd substituted BIT films.
However, there has been no report on the conduction
characteristics of BNT films. In this study, we report
ferroelectric and conduction behavior of Biz 15Ndg g5Tiz01,
thin films fabricated by RF-magnetron sputtering.

2 Experiment

The RF-magnetron sputtering system was used to fabricate
Bi4Ti3012 (BIT) and Bi3_15Nd0_85Ti3012 (BNT) thin films
from the ceramic target. For the ceramic targets, 10 mole%
Bi excess BisTi30;, and Biz 15Ndj g5Tiz01, ceramics were
prepared by solid state reaction method. The BIT and BNT
films were deposited on Pt(111)/Ti/SiO,/Si(100) substrates
at 450°C. The thickness of Pt and Ti films were 150 nm and
10 nm, respectively. The films were deposited the operating
partial pressure of 110 mTorr and sputtering time of 4 hrs,
which was maintained the RF power of 60 W (~ 3 W/cm?).
The film thickness of both BIT and BNT were 750 nm. The
BNT thin films were annealed at 700°C in air ambient for
1 hrs. The compositions of BIT and BNT films measured by
energy dispersive spectrometer (EDS) were Bi3 99Ti> 8701245
and Biz 17Nd) g2 Tiz.9001245, respectively. The crystalline
structure and surface morphology were obtained using X-
ray diffraction (XRD) and atomic force microscope (AFM),
respectively. In order to study the electrical properties, Pt
electrodes were deposited by using DC sputtering. The
ferroelectric P-E hysteresis loops were measured using
RT66A (Radiant Technology, USA). The leakage current —
voltage (I-V) characteristics were analyzed using Keithley-
237 electrometer (Keithley Inc., USA) at the temperature
range from room temperature to 200°C.

3 Results and discussion

Figure 1 shows the XRD patterns of BIT and BNT thin films
annealed at 700°C in air ambience. The BIT thin films
exhibited (00/) diffractions, whereas BNT thin film revealed
random orientation with a (117) peak. When the rare earth ions
with the smaller ion radius such as Nd, Sm and Gd are
substituted into the BIT, the orientation of these films was
changed because of the increased lattice mismatch between the
(111) plane of Pt on Ti/SiO,/Si substrate and (00/) plane of BIT
with the substitution of rare-earth ion with the smaller ionic
radius. The ionic radii of Bi** and Nd** are 0.135 nm and
0.127 nm, respectively [10]. Thus, the BNT thin film showed
random orientation with the enhanced (117) reflection.
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Fig. 1 XRD patterns of BIT and BNT thin films

Figure 2 show P-E hysteresis loops of the BIT and BNT
thin films annealed at 700°C in air ambience. The P-E
hysteresis loops of BIT thin film was not saturated and it
showed very leaky shape. This behavior is related to
leakage current property. Otherwise, at an applied field of
about 200 kV/cm, the 2P, and 2E,. values of BNT film are
obtained 29.83 uC/cm? and 121.7 kV/cm, respectively. The
structural ferroelectricity is known to be based upon the
distortion of the atom from the original position along one
axis. Generally, the main axis of BIT system thin films for
ferroelectricity was considered to be a-axis. Therefore, the
large remnant polarization value of BNT thin film com-
pared with that of BIT is probably caused by the difference
in the crystal orientations between the two kinds of films.

Figure 3 shows the behavior of leakage current density
of BIT and BNT thin films as a function of applied field (J-
E plot) at room temperature. The J-E curves of both films
can be divided into 3 regions. For BNT film, the first region
is from 0 to 47 kV/cm, the second one from 47 kV/cm to
75 kV/cm, and the third one above 75 kV/cm. In the first
region, the leakage current increases slightly with increas-
ing applied field. The rate of increase in the second region
with a higher bias is larger than that of the first region. The
third region shows dielectric breakdown in both films. In
practice, third region should be ignored when analyzing the
conduction mechanism. The values of » in the figure is
the exponent in the relation J=cE", where ¢ is constant. In
the low field region, values of n are around 1, which
implies Ohmic conduction. For BIT film, the leakage
current density reached to dielectric breakdown at this
region. On the other hand, BNT film has a complex
conduction mechanism in second region.

In this study, the conduction mechanism of BNT thin
film was determined by fitting the experimental data into
the Schottky and Poole-Frenkel models. Figure 4 shows the
J-E characteristics of BNT film as a function of the applied
field at the temperature range from room temperature to
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Fig. 2 P-E hysteresis loops of BIT and BNT thin films

175°C. For BNT film, the leakage current densities slightly
increased with increasing temperatures and the slopes are
increased from 1.05 to 1.16, below 40 kV/cm. In this
region, J-E characteristic exhibits Ohmic behavior. At the
high field region above 40 kV/cm, the slopes are increased
from 2.10 to 2.45.

Figure 5(a) shows the variation of the log(J/7°) at the
applied field ranging from 64 to 100 kV/cm and the inverse
of the temperature (insert figure) according to the Schottky
emission model. The current density expression for
Schottky emission was given by [8],

N
InJ /7% = q¢3+"kTq [ATE | g

(1)

where ¢p, q, k, T, €, and A* are the interface potential
barrier height, electric charge, Boltzmann’s constant, absolute
temperature, permittivity of insulator, and Richardson con-
stant, respectively. The barrier height of BNT film was
estimated to be 1.11 eV and associated with the oxygen
vacancy migration. Kim et al. [11] reported the leakage
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Fig. 3 Current density (J) — electric field (£) curves of BIT and BNT
thin films

853
102L
&
-3
éE, 107F
S -4
> 10
2 10°
a
-6
= 107
o
5 107¢
o
10°® ,

10 100

Electric Field (kV/cm)

Fig. 4 Leakage current characteristics of BNT thin film with different
temperatures

current characteristics of La doped BIT (Biz »5Lag 75Ti3015:
BLT) thin films fabricated by sol-gel process and explained
that the leakage current behavior of BLT thin film was
followed by Schottky emission model, and calculated barrier
height was 1.06 eV. Ezhilvalavan et al. [12] reported that the
conduction mechanism of sputtered SrBi(V,Nb),09
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Fig. 5 (a) J/T° vs E% plot for Schottky emission fitting and (b) J/E vs
E’7 plot for Poole-Frenkel emission fitting
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(SBVN) thin film with Pt electrode was followed Schottky
and Poole-Frenkel emission models. The barrier height at
interface of between SBVN film and Pt electrode was
1.39 eV.

The current density expression for Poole-Frenkel emis-
sion was given by [8],

W, + q/qE/me:
mJ/E=—"1 ’+qkTq /T e 2)

where W, is the trapped center level and C is a constant.

The level of trapped center was 0.9 eV as shown in the
inset of Fig. 5(b), which was extracted from the extrapo-
lated value at E=0. This value was similar to the
conductance activation energy of BLT thin film and implies
that the conduction behavior was governed by the same
conduction mechanism [13].

Doubly charged oxygen vacancies were considered to be
the most mobile charges in perovskite ferroelectrics and
play an important role in the conduction process [14, 15].
The activation energy of oxygen vacancies in SrTiO; was
1.0~1.1 eV, and that in PbTiO;-based materials was
0.9~1.1 eV [16, 17]. The activation energy value observed
from BNT thin film is consistent with the activation energy
of oxygen vacancy in other perovskite materials, which
confirms that the conductance and tapped center of BNT
thin film is determined by oxygen vacancies.

In this study, it is very difficult to prove which
conduction mechanism among Poole-Frenkel and Schottky
emission models is suitable for BNT film. The barrier hight
analyzed from Schottky emission model and trapped level
from Poole-Frenkel emission model for BNT film were
1.11 eV and 0.90 eV, respectively. The actual conduction
mechanism of BNT film may be a mixture of both Schottky
and Poole-Frenkel emission.

4 Conclusions
The P-E hysteresis loops of Bis ;5NdggsTi30, thin film

showed well saturated rectangular shape with 2P, and 2F.
of 29.83 uC/em?” and 121.7 kV/cm, respectively. The slope
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of log(J)-log(E) plot at low electric field for BNT films are
around 1, which implies Ohmic conduction. The BNT film
has a complex conduction mechanism at the intermediate
region. At higher electric field region, the conduction in
BNT thin film can be explained by both Schottky and
Poole-Frenkel emission models. From a Schottky emission
plot, the barrier height of BNT film was estimated to be
1.11 eV. The trap center was calculated using Poole-Frenkel
emission, and the value for BNT was 0.90 eV. The
conductance and tapped center of BNT thin film is
probably controlled by oxygen vacancies.
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