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The influence of crystallization route on the SrBbNb2Og thin films
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Polycrystalline SrBiNb,Oq-layered ferroelectric thin films were synthesized on
Pt/Ti/SiO,/Si substrate using the polymeric precursors solution. The dip-coated films
were specular and crack-free and crystallized during firing at°@@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 morphological
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 {B&5) direction; films obtained
using the intermediate-amorphous layer route are polycrystalline and present elongated
grains around 250 nm in size.

I. INTRODUCTION tion reaction between the desired metallic citrate and

The bismuth-based, layer-structured perovskite€ Polyalcohol, usually ethylene glycol. The polymeric
include a broad family of structural forms fA,B,- Precursor method has the advantage of using com-
Osns1)* (Bin0)>~, €.g., SrBiTi,Ows (SBIT), SrBi- mon reagents and npt requiring special atmosphere,
TaOs (SBT), and SrBiNb,O, (SBN). These kinds and moreover, no’aglng effects have beer) reported so
of materials have attracted much attention due to th&"- To the authors’ knowledge, no polymeric precursor
possibility of applications such as nonvolatile memorysolutlons have been reported for production of Bi-layer
devices. Nonvolatile memory is an application whichStructured compé)unds, so much the worse for SBN. In
truly utilizes the ferroelectric nature of the films and has& Prévious work;’ the authors reported the synthesis of
potentially great practical impact. Pb(Zr, T§QPZT) SBN phase (powder and thin film) using the polymeric
has been widely studied for application to nonvolatilePrécursor method. SBN phase formation was observed
memory devices. However, PZT films on Pt electrode’0Und 650°C. During the crystallization process, an
present serious problems of degradation due to Oxygewtermedlate fI_uorlte phals4e was detected, similar to the
vacancies created at the interface. In addition, PzFePOrt of Rodleguez_et al,™ for SBT phase.
capacitors do not maintain good electrical properties 240U €t al.” obtained specular SBT films when they
when PZT layer is<100 nm. Recent studies have Wer® deposited at lower temperature and annealed at

reported that these bismuth-layered materials havBigher temperature for grain growth. This procedure
presented good ferroelectric propertiés. allowed a homogeneous nucleation at lower temperature

Several preparation methods of Bi-layer thin films and a subsequent densification at higher temperature. The
such as laser ablatidf® sputtering metalorganic two-step depo§|t|on process resulted in dense,' homoge-
chemical vapor deposition (MOCVD)E sol-gel®19and ~ NeOUs films with less surface roughness and improved
metalorganic decompositidh;1 have been employed. [€rroelectric properties. o
Normally, physical methods have the disadvantage In this work, the mfluen.ce of the crystallization route
of requiring sophisticated and expensive equipmento! surface morphology, microstructure, and crystallinity

Although the sol-gel method is considered very goooof SBN thin films prepared by the polymeric precursors

in terms of stoichiometric control and introduction of Method is discussed.
dopants, it presents a serious problem of solution aging.
The aging may alter the film microstructure, causing
significant ferroelectric los¥' o |l. EXPERIMENTAL PROCEDURES
Recently, a new approach for thin film chemical - )
synthesis, based on the process developed by PééhiniA- SBN deposition solution
has been experienced successfully for some mixed oxide Strontium carbonate, SrGO(Merck), niobium am-
compoundg®?” The Pechini process is based on themonium oxalate, NgH2[NbO—(C,04)3] - 3H,0 (CBMM,
polymeric precursors originated from a polyesterifica-Araxa, Brazil), and bismuth oxide, BD3 (Aldrich), were
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ethylene glycol was added to promote polymerization of
1 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/@0 (mass
ratio). The viscosity of the deposition solution was adjusted
by water evaporation until reaching 15 mPa s.
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B. Preparation of SBN films

Films were dip-coated from SBN deposition solution
onto PYTi/SiO,/Si substrate. From a previous papeér,
SBN films were completely crystallized at 700, so
used as reagents to synthesize @BLOy (SBN). Nio-  this was the temperature at which films were heat-treated.
bium hydroxide was formed by dissolution of the niobium Multilayered films were obtained by dipping two or three
ammonium oxalate in water and precipitated as Nb#H) times in the deposition solution.
by addition of NHOH. After filtration, niobium hydroxide Two sets of multilayered films were heat-treated
was dissolved in an aqueous solution of citric acid to formby two different routes. Route A, films were heat-
niobium citrate. The content of Nb was gravimetrically treated at 300C for 2 h and dipped again, until the
determined as NiDs. To this niobium citrate solution were desired number of layers was reached. Each layer was
added stoichiometric amounts of Srg@s salt and BiOs amorphous and all layers were crystallized at 700for
dissolved in water with HN@ Ethylenediamine was added 2 h at the same time. Route B, each layer was heat-
dropwise into the solution with constant stirring until the treated at 300C for 2 h and immediately crystallized
pH reached 7-8. After homogenization of the solution,at 700°C for 2 h, before the next one. Hereatfter, this

FIG. 2. GIXRD pattern of monolayered SBN film deposited onto Pt.
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FIG. 5. SEM micrographs of the films heat-treated by both routes: (a) monolayered; double-layered: (b) intermediate-amorphous layer;
(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@Q8y both routes.

Grain size (nm) Roughness/RMS (hm) uim?
Films Intermediate crystallized Intermediate amorphous Intermediate crystallized Intermediate amorphous
Monolayered 194 + 25 194 £ 25 2.0 2.0
Double-layered 190 = 27 233 £ 19 38+ 1.0 50 =09
Three-layered 134 =7 275 £ 73 6.4 0.1 50038
1028 J. Mater. Res., Vol. 14, No. 3, Mar 1999

http://journals.cambridge.org Downloaded: 12 Mar 2014 IP address: 200.145.174.165



http://journals.cambridge.org

S. M. Zanetti et al.: The influence of crystallization route on the SrBi;Nb,Og thin films

FIG. 6. SEM micrographs of the transversal section of films heat-treated by both routes: (a) monolayered; double-layered: (b) intermediate-
amorphous layer; (c) intermediate-crystallized layer; three-layered: (d) intermediate-amorphous layer; (e) intermediate-crystallized layer.

procedure will be called the “intermediate-crystallized(RMS) was examined by AFM, using tapping mode,
layer” route. Figure 1 illustrates the procedure. and STM.

Films were characterized by grazing incidence x-ray
diffraction (GIXRD) (Siemens, D5000), using an inci-
dent angle of A«) and a LiF100 monochromator. Scan- IIl. RESULTS AND DISCUSSION
ning electron microscopy (SEM) (Zeiss, DSM940A), Figure 2 presents the GIXRD pattern of the mono-
atomic force microscopy (AFM), and scanning tunnelinglayered film. A SBN perovskite single-phase film with
microscopy (STM) (Digital, NanoScope 3A), were useda preferential orientation in th€215) direction can
for microstructural characterization. Surface roughnesbe observed. As the number of layers increases, the
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analysis shall take into account the route B. Figures 3n the mean size grain is observed as the number of layers
and 4 illustrate the GIXRD patterns for both routes.is increased. The dense and granular microstructure
As observed for the monolayered film, the multilayeredis maintained, although the grains become elongated
film showed only SBN phase. It can be observed that(rodlike grains). For route B [Figs. 5(c) and 5(e)], a re-
for the route A (Fig. 3), x-ray intensity increases asduction in mean size grain can be noticed as the number
more layers are added, characterizing a polycrystallinef layers increases (as can be observed in Table I). The
film. In contrast, for the route B, films maintain the multilayered films obtained by the route B maintain a
preferential orientation in th€15) direction, even for microstructure similar to the monolayered film, a dense
three-layered films (Fig. 4). Probably, the thinner layerand granular structure, with spherical grains.
to be crystallized for route B favors the preferential Figure 6 presents the transversal cross-sectional mi-
orientation due to interface nucleatiGhior route A, the  crographs of multilayered films by SEM. For both crys-
thickness (for two or three layers) may give rise to othettallization routes, one can see, clearly, the layers related
phenomena, like surface nucleation, and originates & the deposition process. After three dips, the film
polycrystalline film as the number of layers is increasedthickness is 235 nm for the route B [Fig. 6(d)] and
Figure 5 presents the SEM micrographs of the258 nm for the route A [Fig. 6(e)].
films heat-treated by both routes. The monolayered film  Figure 7 presents a typical surface morphology of
[Fig. 5(a)] presents a dense and granular microstructurehe film heat-treated by both routes. The roughness
with spherical grains around 194 nm in size. The absencmeasured by AFM ranged from 2 to 7 nm. These results
of cracks and fissures indicates that the film presents are better compared to polycrystalline films obtained by
homogeneous microstructure. With the different crystalchemical methods! (ranging from 10 to 43 nm) and
lization routes used for multilayered films, a strongly similar to that obtained by physical meti8dnearly
marked difference in the film microstructure can be ob-4 nm). Table | presents the average grain size and rough-
served. For the route A [Figs. 5(b) and 5(d)], an increas@ess values for films heat-treated by both routes.
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