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Abstract Bipg,laggsFeOs; (BLFO) thin films were
grown on platine substrates by the soft chemical route.
Ferroelectric and dielectric behaviors of BLFO films
deposited by spin-coating technique and annealed at 773 K
for 2 h in air atmosphere were explained. BLFO thin films
obtained presents a rhombohedral structure. The BLFO
films present dielectric and ferroelectric behaviors with
dielectric permittivity and dielectric loss of approximately
81 and 0.0144 at 1 kHz. The Au/BLFO/Pt capacitor shows
a hysteresis loop with remnant polarization of 20.6 uC/cm>
and coercive field of 53.88 kV/cm. The polarization
switching and the fatigue behavior of the BLFO films were
significantly enhanced.
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1 Introduction

Perovskites such as BiFeO3; (BFO) [1], BiMnO; [2],
TbMnOs [3], and TbMn,Os [4] have recently attracted very
attention, due the potential to provide a wide range of
applications, including the emerging field of spintronics
[5], data-storage media [6] and multiple-state memories
[7]. The BFO is known to be the only material that exhibits
ferromagnetism at room temperature [8]. It is a rhombo-
hedrally distorted ferroelectric perovskite (Tc = 1,043 K)
with the space group R3. [9] and shows G-type antiferro-
magnetism up to 643K (Tyn) [10]. The specific
characteristics, such as a simple crystal structure, a high
Curie temperature (electrical), and a high Néel temperature
(magnetic), are advantageous for research and various
applications [11].

In bismuth-based ferroelectrics, such as BisTizO;, [12]
and SrBi4Ti4O,5 [13], the doping of lanthanum (La) was
effective to enhance the insulating and ferroelectric
properties because of the reduced oxygen vacancy stabi-
lizes the oxygen octahedron [14]. Some studies reported
in literature [15, 16, 17] suggest that the inhomogeneous
magnetic spin structure can be effectively suppressed by
La doping. Therefore, the influence of La doping on
polarization switching, ferroelectric reliability, and mul-
tiferroic properties of BFO films require more attention
[18].

BFO pure or doped films have been fabricated by several
methods such as physics: pulsed laser deposition (PLD)
[19], rf-magnetron sputtering [20], molecular bean epitaxy
(MBE) [21] and chemistry: Sol-gel [22], Metalorganic
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chemical vapor deposition (MCVD) [23], chemical solution
deposition [24]. All present advantages and disadvantages.
However, chemical methods have advantages in relation to
physics method due their precise control of chemical
composition, homogeneity, microstructure and dielectric
characteristics [25].

In this way, we reported the preparation of
Big.gpLag ogFeO3; (BLFO) thin films grown on Pt(111)/Ti/
Si0,/Si substrates with good structural, microstructural and
electrical properties at room temperature by the polymeric
precursor method.

2 Experimental details
2.1 Synthesis of Bigg,Lag ogFeO3 thin films

Iron (III) nitrate nonahydrate, 99.5% purity (Merck),
bismuth nitrate, 99.5% purity (Aldrich) and lanthanum
acetate, 99.9% purity (Aldrich) were used as raw mate-
rials. The precursor solutions of bismuth and iron were
prepared by adding the raw materials to ethylene glycol
and concentrated aqueous citric acid under heating and
stirring at 333 K. Appropriate quantities of solutions of Fe
and Bi were mixed and homogenized by stirring at 363 K.
The loss of bismuth oxide is monitored by measuring the
weight change of the powder before and after heat
treatment of the material in powder dispersed. Thus, an
excess of 5 wt% Bi was added to the solution, aiming to
minimize the bismuth loss during annealing. This Bi
excess is employed for compensate the volatilization of
bismuth. Without bismuth addition, single phase BFLO
thin film could not be obtained. The temperature increases
and no use of Bi excess, favors the presence of deleteri-
ous phase, such as BiFe,O9, Bijgglag,0; and
Bisglag gsFe42057, more details in Ref. [24]. The molar
ratio of metal/citric acid/ethylene glycol was 1/4/16. The
viscosity of the resulting solution was adjusted to 20 cP
by controlling the water content using a Brookfield vis-
cosimeter. The BLFO thin films were spin coated on
Pt(111)/Ti/Si0,/Si substrates by a commercial spinner
operating at 5,000 rpm for 10 s (spin-coater KW-4B,
Chemat Technology). After deposition, the BLFO films
were kept at 423 K on a hot plate for 10 min to remove
residual solvents. The heat treatment was carried out in
two stages: initial heating at 573 K for 2 h at a heating
rate of 274 K/min to promote the pyrolysis of the organic
materials, and finally the films were annealed at 773 K for
2 h at a heating rate of 274 K/min. The four CZT layers
were obtained crystallizing each layer in a furnace for 2 h
under air atmosphere until the desired thickness was
reached.
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2.2 Characterizations of Bigg,Lag ogFeO3 thin films

In these experiments, BLFO thin films were characterized
by X-ray diffraction (XRD) patterns recorded on a (Rigaku-
DMax 2500PC, Japan) with Cu-Ka radiation in the 26
range from 20 to 60° with 0.02°/min. The microstructure of
the thin films was examined using atomic force microscopy
(AFM) (Digital Instruments, Nanoscope I1la) and thickness
was evaluated by observing the cross-section of the films
using a high-resolution field-emission gun scanning elec-
tron microscopy FEG-SEM (Supra 35-VP, Carl Zeiss). The
Au top electrode area 3 x 10 cm?® was deposited by
sputtering through a designed mask onto the film surfaces.
The relative dielectric constant (¢,) was measured versus
frequency using an impedance analysis (model 4192 A,
Hewlett Packard). The capacitance—voltage characteristic
was measured in the Au/BLFO/Pt configuration using a
small AC signal of 10 mV at 100 kHz. The AC signal was
applied across the sample, while the DC was swept from
positive to negative bias. Ferroelectricity was investigated
using a Sawyer-Tower circuit attached to a computer
controlled standardized ferroelectric test system (Radiant
Technology 6000 A). For the fatigue measurements,
internally generated 8.6 ns wide square pulses or externally
generated square pulses was used. After the end of each
fatigue period, the polarization characteristic of the films
was measured over a range of frequencies.

3 Results and discussion

3.1 X-ray diffraction analysis

Figure 1 displayed the XRD pattern of BLFO thin films
annealed at 773 K for 2 h.
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Fig. 1 XRD patterns of BLFO film annealed at 773 K for 2 h in air
atmosphere
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As can be seen, a single perovskite phase free of
impurities was obtained. The diffraction peaks were iden-
tified using the rhombohedral structure. The intensity of
(100) and (200) diffraction peaks were stronger with
respect to that of the (110) and (012) peak. The (100) and
(200) out-of-plane preferred orientation due to the self-
textured.

The orientation of the film was changed to (100) and
(200) preferred orientation due to the self-textured.

3.2 Atomic force microscopy analysis

Figure 2 shows the surface morphology of BLFO thin films
deposited on Pt substrates.

Big goLag ggFeO3; (BLFO) thin films exhibited bimodal
distributed grains low porosity and roughness low. The
medium diameter of the grains and medium surface
roughness were calculated by means from Nanoscope Illa
software-2003 (Version 5.12r5 for Windows XP profes-
sional). The root mean square surface roughness of BLFO
films were 4 nm. The grain sizes were estimated to be
approximately in range of 58 for 62 nm. The larger number
of nucleation sites provided by Pt substrates was probably
responsible for some small grain size of the BLFO films.
Singh et al. [22] showed that the surface morphology of the
films varied with an increase in La-substitution concen-
tration. In a 5% La-substituted film, the size of the merged
boulders decreased to 0.5-1 pm diameter with island-like
morphology. In a 10% La-substituted BFO film, these
rounded grains became transformed into elongated grains
with 0.2 pm wide and 0.2-0.4 um long. In our films a great
improvement in average reported that the grain sizes for

0.0nm

Fig. 2 AFM micrograph for BLFO thin film annealed at 773 K for
2 h in air atmosphere

BLFO thin films prepared by rf-magnetron sputtering were
estimated to be approximately 90 nm and a great
improvement in surface roughness of the BFO films with
La doping was observed. Our results presented are in
agreement with literature [18, 22]. The thickness of BLFO
thin film is approximately 360 nm.

3.3 Dielectric and ferroelectric properties analysis

Figure 3 shows the frequency dependence of the dielectric
constant and dielectric loss of the BLFO thin film on
Pt(111)/Ti/SiO,/Si substrates.

The dielectric constant (¢) and dielectric loss (tan 9)
value at frequency of 1 kHz were 81 and 0.0144, respec-
tively, at room temperature. The dielectric permittivity
values of BLFO thin film thermal treated at 773 K were
superior to published by Gao et al. [19], that described
BLFO thin film obtained by pulsed laser deposition and
treated in the same temperature. In agreement with the Ref.
[26], La doping enhances significantly the value of &, of
BFO thin films as much as about three times, however a
little influence on loss tan 6. Second Das et al. [27] the
increase of & may be attributed to the reduction of impurity
in the BFO thin films. We suggest that the La addition
promotes appropriate lattice distortion (or strain) in our
thin films. The tan ¢ in all films found to increase slightly
from 0.03 to 0.07 with La substitution [27]. However, in
our thin films the tan ¢ is low compared with
Bi0_95L30.05F€O3 with tan 6 of 0.23.

BiggyLlagogFeO; (BLFO) thin films deposited on
Pt(111)/Ti/SiO,/Si substrates exhibit ferroelectric charac-
teristics, as can be seen in Fig. 4.

Hysteresis loops measured at room temperature for
BLFO thin films annealed at 773 K, with applied voltage of
9 V is shown. BLFO thin films presents remnant polari-
zation (P, of 20.3 /1C/cm2 and coercive field (E.) of
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Fig. 3 Frequency dependence of the dielectric constant and dielectric
loss of the BLFO thin film with a Au/BLFO/Pt configuration
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Fig. 4 P-E hysteresis loops for BLFO thin films annealed at 773 K
for 2 h in air atmosphere

53.88 kV/cm. The high P, value observed in BLFO thin
films are similar with the values reported by Das et al. [27]
in BiggglagoFeO;5 films and superior to reported in Ref.
[28] in BiggsLag gsFeO3 ceramics.

Figure 5 displays the typical capacitance—voltage (C-V)
curves for BLFO thin films with the applied volt age region
from 8 to -8 V.

The C-V exhibited a hysteresis loop that depended on
the sweep direction of the bias voltage, confirming the
dielectric properties for BLFO thin films. A general bell-
shape of C—V measurement was obtained with a cycling of
the bias voltage up and down at room temperature. The
capacitance—voltage dependence is strongly nonlinear,
confirming the dielectric properties of the film resulting
from domain switching. The C-V curve is symmetric
around the zero bias axis, indicating that the films contain
only few movable ions or charge accumulation at the film
electrode interface [29].

A typical leakage current characteristic of BLFO thin
films, measured with a voltage step of 0.1 V and elapsed
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Fig. 5 Capacitance in dependence of voltage for BLFO film annealed
at 773 K for 2 h in air atmosphere
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Fig. 6 Leakage current density as a function of applied voltage for
BLFO thin film annealed at 773 K for 4 h in air atmosphere

time of 1.0 s for each voltage, is shown in Fig. 6. The top
electrode was biased positively.

Figure 6 shows the measured current density (J) versus
the electric field (E) in a log (J) versus log (E) plot for
BLFO thin films. Two clearly different regions were
observed. The current density increases linearly with
external electric field in the low electric field region sug-
gesting an ohmic conduction, characteristic of the Schottky
emission mechanism. With increasing external field, the
current density increases exponentially, characteristics of
the Poole-Frenkel emission mechanism. The leakage cur-
rent density levels at 3 V were 3.7 x 10°® A/cm?. Both the
Schottky and Poole-Frenkel emissions stem from lowering
a Coulombic potential barrier. Schottky emission is also
considered an electrode-limited conduction mechanism and
occurs at low voltages, where the electrons at the surface of
a metal or semiconductor transit above the potential bar-
rier. The Poole-Frenkel emission mechanism involves a
superimposed constant electric field and a localized
potential, where the applied field enhanced electron emis-
sion from Coulombic donor-like centers or holes from
acceptor centers [30]. Second Pabst et al. [31], the leakage
mechanisms in thin films BFO-based no clear dominant
mechanism when Pt is used as the top electrode. Careful
studies and attention must be given to choose a contact
with the appropriate material properties to alleviate this
effect.

The fatigue endurance for BLFO thin films annealed at
773 K for 2 h in air atmosphere was evaluated (Fig. 7.)

The switched polarization between two opposite polarity
pulses, P'~P" or -P"—(—P") denote the switchable polari-
zation, which is an important variable for nonvolatile
memory applications. Fatigue resistance was observed up
to 107 cycles with an applied pulse voltage of 9 V for
BLFO thin films in air atmosphere suggesting a good
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Fig. 7 Fatigue as a function of polarization cycles for BLFO thin film
annealed at 773 K for 4 h in air atmosphere

potential for applications in ferroelectric memories. After
107 cycles the film presents fatigue characteristics that due
to increase of local current around the nucleation sites
which can destroy the film-electrode interface and suppress
the nucleation of oppositely oriented domains at the sur-
face. In this film an increase in switching polarization leads
to a local increase in conductivity at the film-electrode
interface region [32].

4 Conclusions

Big.gpLag 0gFeO3; (BLFO) thin films were prepared by the
soft chemical route. The BLFO films showed preferential
polycrystalline orientations with the La-substitution in 8%
in BFO films and did not show any structural distortion.
The BLFO thin films consisted of bimodal grains of
58-62 nm wide, a low surface roughness (rms 4 nm) with a
film thickness of 360 nm. The dielectric constant and
dielectric loss at 1 kHz were 81 and 0.00144, respectively.
C-V characteristic of BLFO thin films deposited at 773 K
exhibited a symmetry curve in the maximum dielectric
constant that was observed in the vicinity of the sponta-
neous polarization switch. The leakage current density at
3 V was about 3.7 x 10°® A/cm?. Fatigue resistance was
observed with the lanthanum addition in BFO lattice. The
film shows ferroelectricity behavior at room temperature.
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