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The paper presents the structural and ferroelectric results for Sr;_,Ba,Bi,Nb,Og(x = 0.30; 0.85) thin films, which were obtained by
using dip-coating. The solutions containing the desirable ions were prepared from the powders of the previous studied ceramic
samples. The films were deposited at room temperature on Fluorine-doped Tin Oxide (FTO) substrates and submitted to a heat
treatment for crystallization. The films were characterized by using scanning microscopy electronic, energy dispersive spectroscopy
and ellipsometry. Hysteresis ferroelectric loops were obtained, at room temperature, by using a Sawyer-Tower circuit at several
frequencies. A well-defined grain structure was observed for both compositions. The energy dispersive spectroscopy (EDS)
measurements revealed the presence of the corresponding elements from the chemical composition of the ceramic systems. The
band-gap energy was around 3.3 eV for both samples. Typical hysteresis loops for normal and relaxor ferroelectrics were obtained

for x = 0.30 and 0.85, respectively.
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1. Introduction

The ferroelectric materials of the Aurivillius family have re-
ceived great attention due to the lead-free nature, the high
spontaneous polarization, the fatigue-free behavior, the rela-
tively low processing temperatures, the high Curie tempera-
tures and the piezoelectric properties, which made them good
candidates for high-temperature piezoelectric applications
and memory storage.'™ Its general formula is [Bi,O,]**
[A,_1B,03,,,]1*>", where A can be Sr?*, Ca’*, Ba’*, etc.;
B can be Nb3*, TaSt, WOt etc., and n is the number of
corner sharing octahedral forming the perovskite-like slabs.
The ferroelectricity for these systems is strongly depending
on the crystallographic orientation, being the aim of con-
tinuing research.®’ These have the majority polarization
vector along the a-axis in a unit cell and the oxygen vacancies
prefer to stay in the Bi,O, layers, where their effect upon the
polarization is thought to be small, and not in the octahedral
site that controls polarization.

Previous studies on the Sr;_,Ba,Bi,Nb,O9 ceramic sys-
tem have showed that the increase of the barium concentra-
tion provides a transition from a normal ferroelectric (x < 30
at.%) to a relaxor behavior (x > 50 at.%), which is explained
considering the mixing of different elements into A sites and

bismuth sites in the layered structure.'” On the other hand,
the Srj;0Bag30Bi.NbyOg ceramic sample has showed the
best piezoelectric and ferroelectric properties.!! From these
results, two compositions have been selected to develop thin
films, one of them showing the best properties and also a
normal ferroelectric—paraelectric phase transition (x = 0.30
at.%)'%!!; the other one, which exhibits a relaxor behavior
(x = 0.85 at.%).'" The present paper shows the structural and
ferroelectric results for Sr;_,Ba,Bi,Nb,Og(x = 0.30; 0.85)
thin films, which were obtained by using dip-coating.

2. Experimental Procedure

The solutions containing the desirable ions were prepared
from the powders of the previous studied ceramic samples,
which were obtained by conventional mixed oxides meth-
od.'!" The stock solutions were prepared by dissolution of
the powders (0.5g of each composition) in acid solution
(10% of nitric acid (HNO3) and 90% of distilled water). The
dissolutions were optimized by heating up to around 80°C for
1 h. Both solutions were clear and transparent, showing that
all elements were dissolved. The resin was obtained by the
Pechiney’s method using citric acid and ethylene glycol
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(citric acid/ethylene glycol = 42/58 in mol.%). The mixture
was heated at 70°C for 1h, when transparent resin was
obtained. After that, the resin and the stock solutions were
mixted at 90°C for 1h. The films were deposited at room
temperature on Fluorine-doped Tin Oxide (FTO) substrates
by using dip-coating (commercial system). Finally, the de-
posited films were submitted to a heat treatment of 450°C for
crystallization. The deposited films were crack-free and
uniform on the substrates.

X-ray diffraction measurements at room temperature did
not reveal any information because the area of the deposited
films was lower than that of the diameter of the beam. Almost
the observed diffraction lines were associated to the FTO
substrate. Morphology of grains and composition were
studied by using Scanning Electron Microscopy (SEM) and
Energy Dispersive Spectroscopy (EDS) by using a Quanta
FEG 3D from FEI Company, USA. Spectroscopy ellipso-
metry measurements were performed on the samples at room
temperature, in order to get the corresponding thicknesses,
roughness and band-gap energy, by using a rotating
compensator ellipsometer J. A. Woollam M-2000 RCE.
The spectral and the angular ranges were, respectively,
245-1690nm and 45°-80°. The measured quantities'>!?
were the amplitude ratios for the parallel and perpendicular
components of the electric field (tan 1) and the phase
difference between them (A). These parameters were
measured as function of the photon energy. The polarization
(P)—electric field (E) dependences (hysteresis loops) were
obtained by using a modified Sawyer-Tower circuit at room
temperature and several frequencies.'*

3. Results and Discussion

Figure 1 shows the SEM micrographs for the obtained thin
films. A well-defined grain structure was observed for both
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samples with an average grain size of 254 nm and 246 nm for
SBBN-30 and SBBN-85, respectively. The EDS measure-
ments revealed the presence of Sr?*, Bi’*, Ba?*, Nb>*
and O2~ in correspondence with the elements from the
chemical composition of the ceramic systems, which were
used to obtain the thin films. Figure 2 shows the EDS spectra
for the thin films. The overall content obtained for these
elements is reported in Table 1. The results suggest a good
correspondence with those predicted by the nominal equa-
tion. The slightly disagreement for Sr and Nb in SBBN-85
could be due to a stronger background of the C peak than that
of the SBBN-30; the slightly lower content for Bi in SBBN-
30 is associated to its volatilization.

Figure 3 shows the photon energy dependence for A and
1) for the studied thin films. It can be observed that the band-
gap energy of the materials is below 3.5 eV regions, i.e., the
end of the oscillations occurs near this value. From
the ellipsometry measurements, the thickness, roughness and
band-gap energy of the films were obtained. For that esti-
mation, it used a model 12 considering the surface roughness,
the thickness layer and the substrate. Table 2 shows the
corresponding results for the studied thin films. SBBN-85 is
more rugged; the band-gap energy is similar for both sam-
ples. Previous reports'? have showed higher values of the
band-gap energy for Sr,Bi,Ta,Oo (between 3.98eV and
4.25eV) and SrBi,Ta,04 (4.1eV). More recently, a band-
energy gap of 2.82 eV has been reported for BisTizOq,/
Bi,Ti,O; heterostructure nanofibers.'”

Figure 4 shows the hysteresis loops for both compositions.
Typical hysteresis loops for normal and relaxor ferroelectrics
were obtained for SBBN-30 and SBBN-85 thin films, re-
spectively.

For SBBN-30, it can be seen that the coercive electric field
(Ec) increases with frequency as expected. The remnant
polarization (Pg) has showed similar values for the higher
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Fig. 1. SEM micrographs for the studied thin films: (a) SBBN-30, (b) SBBN-85.
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Fig. 2. (Color online) EDS spectra for the studied thin films. The color lines represent the identified elements.

Table 1. Nominal and calculated (EDS) content for the studied samples.

40
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Thin film Sr [%] Ba [%] Bi [%] Nb [%]
SBBN-30 Nominal 14 6 40 40
EDS 17 5 36 42
SBBN-85 Nominal 3 17 40 40
EDS 8 18 41 33
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Fig. 3. Photon energy dependence for A and .
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Table 2. Thickness, roughness and band-gap energy for the studied thin films, which
were obtained by using the ellipsometry measurements.

Thin film Thickness (nm) Roughness (nm) Band-gap energy (eV)
SBBN-30 301 +1 177£2 3.316 +£0.004
SBBN-85 288+2 206+3 3.3194+0.003
6 6
4+ 4+
. 2F 2t
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Fig. 4. Hysteresis loops, at room temperature and several frequencies, for the studied thin films: (a) SBBN-30, (b) SBBN-85.

frequencies. The sample has showed the best saturation
conditions for 10Hz, being the ratio Pg/Pyax = 0.71
(Pmax — Polarization for the maximum applied electric
field). For SBBN-85, the typical slim loops show no depen-
dence for the coercive electric field and the remnant polari-
zation with frequency.

4. Summary

Sr;_,Ba,Bi)Nb,Og (x = 0.30; 0.85) thin films were depos-
ited at room temperature on FTO substrates by using dip-
coating. A well-defined grain structure was observed for both
compositions. The EDS measurements revealed the presence
of the corresponding elements from the chemical composi-
tion of the ceramic systems. The band-gap energy was around
3.3 eV for both samples. Typical hysteresis loops for normal
and relaxor ferroelectrics were obtained for SBBN-30 and
SBBN-85, respectively.
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