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The influence of crystallization route on the SrBi2Nb2O9 thin films
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Polycrystalline SrBi2Nb2O9-layered ferroelectric thin films were synthesized on
PtyTiySiO2ySi substrate using the polymeric precursors solution. The dip-coated films
were specular and crack-free and crystallized during firing at 700±C. Single-, double-,
and triple-layered films were obtained by several dips in the deposition solution, and the
influence of crystallization between each dip was studied. Microstructure and morphologica
evaluation were followed by grazing incident x-ray diffraction (GIXRD), scanning
electron microscopy (SEM), and atomic force microscopy (AFM). Multilayered films
obtained using the intermediate-crystallized layer route present a dense microstructure
with spherical grains, with a preferential orientation in thek215l direction; films obtained
using the intermediate-amorphous layer route are polycrystalline and present elongated
grains around 250 nm in size.
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I. INTRODUCTION

The bismuth-based, layer-structured perovski
include a broad family of structural forms (Am21Bm-
O3m11)21(Bi2O2)22, e.g., SrBi4Ti4O15 (SBIT), SrBi2-
Ta2O9 (SBT), and SrBi2Nb2O9 (SBN). These kinds
of materials have attracted much attention due to
possibility of applications such as nonvolatile memo
devices. Nonvolatile memory is an application whic
truly utilizes the ferroelectric nature of the films and h
potentially great practical impact. Pb(Zr, Ti)O3 (PZT)
has been widely studied for application to nonvolat
memory devices. However, PZT films on Pt electrod
present serious problems of degradation due to oxy
vacancies created at the interface. In addition, P
capacitors do not maintain good electrical propert
when PZT layer is,100 nm. Recent studies hav
reported that these bismuth-layered materials h
presented good ferroelectric properties.1,2

Several preparation methods of Bi-layer thin film
such as laser ablation,1,3,4 sputtering,5 metalorganic
chemical vapor deposition (MOCVD),6–8 sol-gel,9,10 and
metalorganic decomposition,11–13 have been employed
Normally, physical methods have the disadvanta
of requiring sophisticated and expensive equipme
Although the sol-gel method is considered very go
in terms of stoichiometric control and introduction o
dopants, it presents a serious problem of solution ag
The aging may alter the film microstructure, causi
significant ferroelectric loss.14

Recently, a new approach for thin film chemic
synthesis, based on the process developed by Pech15

has been experienced successfully for some mixed ox
compounds.16,17 The Pechini process is based on t
polymeric precursors originated from a polyesterific
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tion reaction between the desired metallic citrate an
a polyalcohol, usually ethylene glycol. The polymeric
precursor method has the advantage of using co
mon reagents and not requiring special atmosphe
and moreover, no aging effects have been reported
far. To the authors’ knowledge, no polymeric precurso
solutions have been reported for production of Bi-laye
structured compounds, so much the worse for SBN.
a previous work,18 the authors reported the synthesis o
SBN phase (powder and thin film) using the polymeri
precursor method. SBN phase formation was observ
around 650±C. During the crystallization process, an
intermediate fluorite phase was detected, similar to th
report of Rodriguezet al.,14 for SBT phase.

Zhu et al.7 obtained specular SBT films when they
were deposited at lower temperature and annealed
higher temperature for grain growth. This procedur
allowed a homogeneous nucleation at lower temperatu
and a subsequent densification at higher temperature. T
two-step deposition process resulted in dense, homog
neous films with less surface roughness and improv
ferroelectric properties.

In this work, the influence of the crystallization route
on surface morphology, microstructure, and crystallinit
of SBN thin films prepared by the polymeric precursor
method is discussed.

II. EXPERIMENTAL PROCEDURES

A. SBN deposition solution

Strontium carbonate, SrCO3 (Merck), niobium am-
monium oxalate, NH4H2[NbO–(C2O4)3] ? 3H2O (CBMM,
Araxá, Brazil), and bismuth oxide, Bi2O3 (Aldrich), were
IP address: 200.145.174.165
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FIG. 1. Procedure for preparation of intermediate-amorphous
intermediate-crystallized layer of multilayered films.

FIG. 2. GIXRD pattern of monolayered SBN film deposited onto P

used as reagents to synthesize SrBi2Nb2O9 (SBN). Nio-
bium hydroxide was formed by dissolution of the niobiu
ammonium oxalate in water and precipitated as Nb(OH5

by addition of NH4OH. After filtration, niobium hydroxide
was dissolved in an aqueous solution of citric acid to fo
niobium citrate. The content of Nb was gravimetrical
determined as Nb2O5. To this niobium citrate solution were
added stoichiometric amounts of SrCO3 as salt and Bi2O3

dissolved in water with HNO3. Ethylenediamine was adde
dropwise into the solution with constant stirring until th
pH reached 7–8. After homogenization of the solutio
http://journals.cambridge.org Downloaded: 12 Mar 2014
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FIG. 3. GIXRD patterns for multilayered SBN films heat-treated at
700 ±C with intermediate-amorphous layer.

FIG. 4. GIXRD patterns for multilayered SBN films heat-treated at
700 ±C with intermediate-crystallized layer.

ethylene glycol was added to promote polymerization o
mixed citrate by polyestherification reaction. The molar
ratio among strontium, bismuth, and niobium was 1 : 2 : 2
the citric acid/metal molar ratio was fixed at 3.95, and the
citric acid/ethylene glycol ratio was fixed as 60y40 (mass
ratio). The viscosity of the deposition solution was adjusted
by water evaporation until reaching 15 mPa s.

B. Preparation of SBN films

Films were dip-coated from SBN deposition solution
onto PtyTiySiO2ySi substrate. From a previous paper,18

SBN films were completely crystallized at 700±C, so
this was the temperature at which films were heat-treate
Multilayered films were obtained by dipping two or three
times in the deposition solution.

Two sets of multilayered films were heat-treated
by two different routes. Route A, films were heat-
treated at 300±C for 2 h and dipped again, until the
desired number of layers was reached. Each layer wa
amorphous and all layers were crystallized at 700±C for
2 h at the same time. Route B, each layer was hea
treated at 300±C for 2 h and immediately crystallized
at 700±C for 2 h, before the next one. Hereafter, this
IP address: 200.145.174.165
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FIG. 5. SEM micrographs of the films heat-treated by both routes: (a) monolayered; double-layered: (b) intermediate-amorphous l
(c) intermediate-crystallized layer; three-layered: (d) intermediate-amorphous layer; (e) intermediate-crystallized layer.

TABLE I. Evolution of grain size and roughness for multilayered films heat-treated at 700±C by both routes.

Grain size (nm) Roughness/RMS (nm) - 1mm2

Films Intermediate crystallized Intermediate amorphous Intermediate crystallized Intermediate amorpho

Monolayered 194 6 25 194 6 25 2.0 2.0
Double-layered 190 6 27 233 6 19 3.8 6 1.0 5.0 6 0.9
Three-layered 134 6 7 275 6 73 6.4 6 0.1 5.0 6 0.8
http://journals.cambridge.org Downloaded: 12 Mar 2014 IP address: 200.145.174.165
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IG. 6. SEM micrographs of the transversal section of films heat-treated by both routes: (a) monolayered; double-layered: (b) inte
morphous layer; (c) intermediate-crystallized layer; three-layered: (d) intermediate-amorphous layer; (e) intermediate-crystallized la
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procedure will be called the “intermediate-crystallize
layer” route. Figure 1 illustrates the procedure.

Films were characterized by grazing incidence x-r
diffraction (GIXRD) (Siemens, D5000), using an inc
dent angle of 2±(a) and a LiF100 monochromator. Scan
ning electron microscopy (SEM) (Zeiss, DSM940A
atomic force microscopy (AFM), and scanning tunneli
microscopy (STM) (Digital, NanoScope 3A), were use
for microstructural characterization. Surface roughn
ttp://journals.cambridge.org Downloaded: 12 Mar 2014
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(RMS) was examined by AFM, using tapping mode
and STM.

III. RESULTS AND DISCUSSION

Figure 2 presents the GIXRD pattern of the mono
layered film. A SBN perovskite single-phase film with
a preferential orientation in thek215l direction can
be observed. As the number of layers increases, t
IP address: 200.145.174.165
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FIG. 7. Morphology of three-layered films heat-treated at 700±C.
(a) Intermediate-crystallized layer; (b) intermediate-amorphous lay

analysis shall take into account the route B. Figures
and 4 illustrate the GIXRD patterns for both route
As observed for the monolayered film, the multilayere
film showed only SBN phase. It can be observed th
for the route A (Fig. 3), x-ray intensity increases a
more layers are added, characterizing a polycrystall
film. In contrast, for the route B, films maintain th
preferential orientation in thek215l direction, even for
three-layered films (Fig. 4). Probably, the thinner lay
to be crystallized for route B favors the preferenti
orientation due to interface nucleation.19 For route A, the
thickness (for two or three layers) may give rise to oth
phenomena, like surface nucleation, and originates
polycrystalline film as the number of layers is increase

Figure 5 presents the SEM micrographs of th
films heat-treated by both routes. The monolayered fi
[Fig. 5(a)] presents a dense and granular microstructu
with spherical grains around 194 nm in size. The abse
of cracks and fissures indicates that the film present
homogeneous microstructure. With the different cryst
lization routes used for multilayered films, a strong
marked difference in the film microstructure can be o
served. For the route A [Figs. 5(b) and 5(d)], an increa
http://journals.cambridge.org Downloaded: 12 Mar 2014

1030 J. Mater. Res., Vol. 1
er.

3
s.
d

at,
s
ne

er
l

er
a

d.
e

lm
re,
ce

s a
l-

y
b-
se

FIG. 8. Morphology of PtySi(100) substrate obtained by STM.
(a) Surface topography (3D); (b) surface profile.

in the mean size grain is observed as the number of lay
is increased. The dense and granular microstruct
is maintained, although the grains become elonga
(rodlike grains). For route B [Figs. 5(c) and 5(e)], a re
duction in mean size grain can be noticed as the num
of layers increases (as can be observed in Table I). T
multilayered films obtained by the route B maintain
microstructure similar to the monolayered film, a den
and granular structure, with spherical grains.

Figure 6 presents the transversal cross-sectional
crographs of multilayered films by SEM. For both crys
tallization routes, one can see, clearly, the layers rela
to the deposition process. After three dips, the fil
thickness is 235 nm for the route B [Fig. 6(d)] an
258 nm for the route A [Fig. 6(e)].

Figure 7 presents a typical surface morphology
the film heat-treated by both routes. The roughne
measured by AFM ranged from 2 to 7 nm. These resu
are better compared to polycrystalline films obtained b
chemical methods7,11 (ranging from 10 to 43 nm) and
similar to that obtained by physical method20 (nearly
4 nm). Table I presents the average grain size and rou
ness values for films heat-treated by both routes.
IP address: 200.145.174.165
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The results presented show that different crystalliz
tion routes lead to films with different microstructures
The multilayered films, crystallized using the route A
presented a typical bismuth-layer perovskite structu
As reported for films with good ferroelectric proper
ties, the grain size was around 250 nm with elongat
shape.21,22 On the other hand, the films crystallized usin
the route B presented spherical grains around 130
in size.

Considering both crystallization routes, the route
seems to favor a higher nucleation rate, leading to
higher number of crystalline nuclei. Each intermediat
crystallized SBN layer acts like a nucleation seed to t
next layer to be crystallized. Moreover, as can be seen
Table I, the roughness increases as the number of lay
increase. This increase in roughness may contribute
the formation of a higher number of sites favorable
the nucleation, which may promote a higher number
crystallization nuclei. As the number of nuclei increase
the grain growth decreases, leading to a fine gra
microstructure. Each new layer added conduces to
smaller grain size, mainly due to the increase in t
roughness of the previous layer.

In the case of the route A, the nucleation rate m
be lower, promoting a lower number of crystallizatio
nuclei, leading to an increase in the grain growt
resulting in a bigger grain microstructure. Basicall
the nucleation occurs in the film surface and in th
film/substrate interface. The low substrate roughne
may contribute to reduce the number of crystallizatio
nuclei. Figure 8 presents a substrate surface morpholo
obtained by STM, with roughness around 0.3 nm (RMS

IV. CONCLUSIONS

It was observed that the crystallization route influ
ences greatly the film microstructure. Multilayered film
obtained using the intermediate-crystallized layer rou
present a dense microstructure with spherical grai
As the number of layers increases, the spherical gr
shape is kept, and the mean grain size decreases f
194 to 134 nm, probably due to the increase in ea
layer roughness. In contrast, multilayered films obtain
using the intermediate-amorphous layer route presen
elongated grains around 250 nm in size.

The results showed a strong relationship amo
the substrate roughness, crystallization, and film mic
structure.
http://journals.cambridge.org Downloaded: 12 Mar 2014
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