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Abstract

The ferroelectric compound SrBi4Ti4O15 that
belongs to the so-called Aurivillius family could be
promising for the fabrication of ferroelectric thin
®lm memories. Pure SrBi4Ti4O15 powders were
obtained after heating adequate sols (bismuth and
strontium 2-ethylhexanoates in 2-ethylhexanoic acid
and appropriate amount of titanium isopropoxide)
at 350�C for 12 h and subsequently putting the sam-
ples directly in an electric oven at 700±900�C for 3 h.
When spin-coated on silicon wafers and submitted to
a similar process, the same sols always led to a
mixture of SBT and the pyrochlore phase Bi2Ti2O7.
In order to avoid the presence of this impurity, extra
bismuth content (0±40mol%) was added during the
preparation of the sols. The pyrochlore formation
was completely eliminated when using 20% bismuth
excess and the following process: (spin-coating
250�C/5min±750�C/1min)/10 times + ®nal anneal-
ing at 800�C/1 h # 1999 Elsevier Science Limited.
All rights reserved
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1 Introduction

The bismuth layered structure ferroelectrics are
promising candidates for non-volatile memory
devices.1,2 They belong to the family of the so-called
Aurivillius phases generally formulated as Bi2Amÿ1
BmO3m+3. Their crystal structure can be regarded as
a regular intergrowth of (Bi2O2)

2+ layers and
(Amÿ1BmO3m+1)

ÿ2 perovskite-like slabs.3,4 In these
compounds, A is a mono-, di- or trivalent element
allowing dodecahedral coordination, B is a transition

element suited to octahedral coordination and m is
an integer (1�m�5) which represents the number
of perovskite-like slabs intercalated between the
(Bi2O2)

2+ layers. A number of them, e.g.
SrBi2Nb2O9 (m=2), Bi4Ti3O12 (m=3), BaBi4-
Ti4O15 (m=4), have been thoroughly investigated
from the point of view of both structural and elec-
tric properties.5±9 Recently, thin ®lms made from
materials with m=2 and, in a less extent with
m=4, have been found to show low fatigue of the
remnant polarisation under cycling.10 If
SrBi2(Nb,Ta)2O9 (m=2) thin ®lms have been pre-
pared either by physical (e.g. sputtering, laser
ablation) or by chemical (metal±organic chemical
vapour deposition, sol±gel spin-coating) techniques
very few data have been published devoted to the
chemical preparation of SrBi4Ti4O15 ®lms.11 The
aim of this paper is to present the results of inves-
tigations about the preparation of SrBi4Ti4O15

precursors as well as the fabrication of thin ®lms
by spin-coating and their structural characterisa-
tion by X-ray di�raction.

2 Experimental

The SrBi4Ti4O15 precursor solution was prepared
by mixing bismuth 2-ethylhexanoate Bi(C7H15-

COO)3 and strontium 2-ethylhexanoate Sr(C7H15-
COO)2 in 2-ethylhexanoic acid C7H15COOH and
adding appropriate amount of titanium isoprop-
oxide Ti(OC3H7)4. The mixture was then con-
tinuously stirred for 2 h at 200�C. After cooling to
room temperature a homogeneous clear sol was
obtained and can be stored unchanged for several
weeks. Such sols will be used subsequently for pre-
paring either powders by controlled calcination or
thin ®lms by spin coating on Si substrates placed in
a Sulzer photoresist spinner. The ¯ow chart of the
whole process is shown in Fig. 1.
The thermal behaviour of the solution was

checked by TGA/DSC using a Netzsch STA 409
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device. Crystallisation processes and phase ana-
lyses were performed using a Siemens D5000 pow-
der di�ractometer ®tted with an Anton Parr HTK
variable temperature attachment. The morphology
of powders was observed with a Philips XL30
scanning electron microscope.

3 Results and Discussion

3.1 Thermal behaviour of the precursor solution
After drying at 250�C for 20 h, the precursor solu-
tion transforms into a xerogel which was studied
by simultaneous TGA/DSC between room tem-
perature and 1000�C at an increasing temperature
rate of 10� minÿ1. As shown in Fig. 2, the weight
loss becomes signi®cant at 250�C where it steeply
increases to completion achieved at about 500�C.
The strong exothermic lines observed at 337 and
403�C in the DSC trace would be assigned to the
onset of crystallisation. The mechanisms associated
with the crystallisation are somewhat complex. As
a matter of fact, the Aurivillius phase SrBi4Ti4O15

does not crystallise at these temperatures. As
shown by X-ray di�raction patterns recorded at

several rising temperatures (Fig. 3), the phases that
appear ®rst would certainly be bismuth titanates
like Bi2Ti2O7 (or Bi2Ti4O11) as well as SrTiO3

which are the most stable phases of the system:
such a behaviour has been already observed during
the ®rst steps of the crystallisation of precursors of
Bi4Ti3O12.

12 At the highest temperatures reached in
the high temperature attachment, no signi®cant
change will occur.
To avoid the initial formation of undesirable

stable phases, rapid thermal heating was performed
on the powder previously dried at 300�C. The
powder put on the platinum heating element of the
high temperature X-ray device was heated up to
700�C at 10�C sÿ1 and the patterns were recorded
every 50�C from 700 to 900�C (10min between
each record). The results are given in Fig. 4. The
Aurivillius phase SrBi4Ti4O15 actually forms at
700�C and show no modi®cation up to 900�C.
After cooling to room temperature, the di�raction
pattern remains unchanged and ®ts well with the
43-0973 JCPDS ®le.
When the xerogel was heated directly at 700�C

for 3 h, the SrBi4Ti4O15 powder is made of grains
of about 10�m in which one can observe smaller
coalescent particles (0.2�m). After heating up to
900�C, the microstructure has changed sig-
ni®cantly: the shape of the smaller grains is more
de®ned and the micrographs show the beginning of
the sintering process (Fig. 5).

3.2 Fabrication and structural characterisation of
thin ®lms
The conditions used for deposition by spin-coating
were determined from previous experiments.
Owing to both the viscosity and the concentration
of the stock solution, the ®lms were spin-coated at
4000 rpm (initial acceleration 7 rpm sÿ1) for 15 s
followed by drying at 250�C for 5min to remove
most of the organics and then rapidly annealed at

Fig. 1. Flow chart of the fabrication process.

Fig. 2. TGA/DSC traces of the SrBi4Ti4O15 precursor.
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750�C for 1min. This process generally led to a dry
®lm with thickness in the range 20±30 nm. To reach
the required thickness for subsequent electrical
characterisation, the procedure was repeated one
to 10 times. The ®lms underwent a ®nal annealing
at 800�C for 1 h to insure full crystallisation.
As already observed by several authors, ®lms

made with lead or bismuth containing materials
sometimes show understoichiometric composition
due to loss of lead or bismuth during annealing at
high temperature.11 In the case of the Aurivillius
phases, this phenomenon is generally accompanied
by the formation of extra phases with not well
de®ned compositions. To insure stoichiometric
composition, the simplest way consists in adding
excess bismuth into the precursor solution. So some
precursor solutions were prepared with various
bismuth excess (0, 15, 18, 20, 23, 30 and 40mol%).
For no bismuth excess, the XRD patterns of the

®lms always show the presence of the pyrochlore
phase Bi2Ti2O7 (Fig. 6). Attempts to eliminate this
undesirable impurity by changing the concentra-
tion or the viscosity of the solution as well as the
nature of the solvent were unsuccessful. A plausible
explanation of this phenomenon would be based
on the relative stability of the principal binary or
ternary phases occurring in the SrO±Bi2O3±TiO2

system. In both phases Bi2Ti2O7 and SrBi4Ti4O15,
the Bi/Ti ratio is the same. Nevertheless the former
is known to be one of the more stable phase in the
Bi2O3±TiO2 system and so will preferentially form
during the early stage of the thermal process. So
the residual Bi2O3 content, which is quite far from
the stoichiometry due to some evaporation, would
not be large enough to insure further reaction with
the remaining oxides (native SrO and TiO2) to get
the desired SrBi4Ti4O15 phase.
When the bismuth excess increases the Bi2Ti2O7

content decreases and there is an optimal excess
about 20±23mol%, which leads to pure SrBi4-

Ti4O15. For this speci®c excess, the Bi2O3 evapora-
tion allows the initial mixture to reach the actual
composition SrO±2Bi2O3±4TiO2 at the tempera-
ture of thermal treatment so that SrBi4Ti4O15

phase can be obtained as a pure phase. As the Bi
excess is increased above 23%, the Bi2O3 evapora-
tion is no longer compensated and Bi2Ti2O7

Fig. 3. X-ray di�raction patterns of the SrBi4Ti4O15 precursor
at several rising temperatures.

Fig. 4. X-ray di�raction patterns of the SrBi4Ti4O15 precursor
recorded every 50�C from 700 to 900�C.

Fig. 5. Scanning electron microscope micrographs of SrBi4-
Ti4O15 powders.
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appears again together with the Aurivillius phase.
Increasing further the Bi excess made the amount
of Bi2Ti2O7 to be so large that its main di�raction
line (close to 2�=30�) masks those of SrBi4Ti4O15.

4 Conclusion

Powders and thin ®lms of the Aurivillius phase
SrBi4Ti4O15 have been prepared by the metal-
organic decomposition route. The obtention of
single phase thin ®lms needs 20±23% Bi2O3 excess
in the precursor solution and a ®nal annealing at
800�C. Further investigations will be concerned
with the deposition of ®lms on SrTiO3 single crys-
tals to study the occurrence of preferred orienta-
tion and the associated electrical properties.

Acknowledgements

The authors would like to thank Dr. P. Thomas and
Dr. P. Marchet for their help in high temperature
X-ray di�raction and TGA/DSC experiments.

References

1. Scott, J. F. and Paz de Araujo, C. A., Ferroelectric mem-
ories. Science, 1989, 246, 1400.

2. Desu, S. B. and Vijay, D. P., Novel fatigue-free layered
structure ferroelectric thin ®lms.Mat. Sci. Eng., 1995, B32,
75.

3. Aurivillius, B., Mixed bismuth oxides with layer lattices I.
Arkiv Kemi, 1949, 1, 463.

4. Aurivillius, B., Mixed bismuth oxides with layer lattices.
II. Arkiv Kemi, 1951, 2, 519.

5. Subbarao, E. C., Crystal chemistry of mixed bismuth oxi-
des with layer-type structure. J. Am. Ceram. Soc., 1962,
45, 166.

6. Subbarao, E. C., A family of ferroelectric bismuth com-
pounds. J. Phys. Chem. Solids, 1962, 23, 665.

7. Newnham, R. E, Wolfe, R. W. and Dorrian, J. F., Struc-
tural basis of ferroelectricity in bismuth titanate family.
Mat. Res. Bull., 1971, 6, 1029.

8. Rae, A. D., Thompson, J. G. and Withers, R. L., Struc-
ture re®nement of commensurately modulated bismuth
strontium tantalate, SrBi2Ta2O9. Acta Cryst., 1992, B48,
418.

9. Withers, R. L., Thompson, J. G. and Rae, A. D., The
crystal chemistry underlying ferroelectricity in Bi4Ti3O12,
Bi3TiNbO9 and Bi2WO6. J. Solid State Chem., 1991, 94,
404.

10. Paz de Araujo, C. A., Cuchiaro, J. D., McMillan, L. D.,
Scott, M. C. and Scott, J. F., Fatigue-free ferroelectric
capacitors with platinum electrodes. Nature, 1995, 374,
627.

11. Watanabe, H., Mihara, T., Yoshimori, H. and Paz de
Araujo, C. A., Preparation of ferroelectric thin ®lms of
bismuth layer structured compounds. Jpn. J. Appl. Phys.,
1995, 34, 5240.

12. Soares-Carvalho, R, Thomas, P., Mercurio, J. P., Frit, B.
and Parola, S., Bi4Ti3O12 thin ®lms from mixed bismuth±
titanium alkoxides. J. Sol±Gel Science and Technology,
1997, 8, 759.

Fig. 6. In¯uence of the Bi excess on the X-ray di�raction pat-
terns of SrBi4Ti4O15 ®lms after ®nal annealing at 800�C for 1 h.

1386 L. Nibou et al.


