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Abstract

Strontium titanate thin films were prepared by spray pyrolysis technique. Deposition parameters, such as solution concentration,
time and temperature of deposition, and flow rate of carrier gas were optimized to obtain dense films without cracks. Films with
different thicknesses were prepared through the control of deposition time. Prepared thin films were homogeneous, well crystallized,

with uniform grain size.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Spray pyrolysis is a versatile technique for producing
various materials in a wide range of composition, size
and morphology. Powders, films and fibers can be suc-
cessfully prepared.! Thin film is formed by spraying,
drying and pyrolytically decomposing onto a heated
substrate a solution of precursor salts of the desired
constituent ions.?> This method connects many features
of the gas-phase and liquid-phase techniques having
the following advantages: (a) one-step, simple, cheap
equipment, (b) universal precursors (inorganic, organic
or metal-organic compounds), (c¢) easy and precise
composition control, (d) various film morphologies
possible, and (e) accurate control of the deposition
kinetics.? The aerosols may be generated by pneumatic
or ultrasonic atomizers.

SrTiO;5 is a paraelectric material with cubic perov-
skite-type crystal structure at room temperature.* It has
a lot of interesting properties, such as high dielectric
constant, good thermal stability, second order phase
transformation, stress-induced phase transition, photo-
activity, etc.*> According to these properties SrTiO; has
possible applications in dynamic random access mem-
ories (DRAM),>® microelectronics,” solar and sensor
technology.®
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The aim of this work was to construct equipment set-
up that allows preparation of thin films by spray pyr-
olysis and easy control of deposition parameters, as well
as to prepare SrTiOj; thin films. Deposition parameters,
such as solution concentration, time and temperature of
deposition, flow rate of carrier gas were optimized to
obtain dense films without cracks.

2. Experimental

The precursor solutions were prepared from a tita-
nium citrate and strontium acetate. Titanium citrate
was formed by dissolution of titanium (IV) isoprop-
oxide in a ethylene glycol solution of citric acid acording
to the following molar ratio:

Ti-ion:citric acid:ethylene glycol = 1:4:16.

A stoichiometric amount of strontium acetate was
dissolved in water. Further, two solutions were mixed.
Water content was changed to obtain the following
molar concentrations of the metal ions: 0.2 mol/dm?3,
0.1 mol/dm? and 0.05 mol/dm?.

Prepared solutions were deposited on silicon (1 0 0)
substrates. Deposition was performed at different
temperatures in the interval: 50-200 °C, and for differ-
ent flow rates of the carrier gas—oxygen. Deposition
time was varied (30, 60 and 120 mm) to obtain films
with different thickness. After deposition, the films were
heat treated at 650 °C for 2 h. The films were slowly
heated (2 °C/min) up to 400 °C, then heated at 400 °C
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for 2 h and finally heated (5 °C/min) up to the tem-
perature 650 °C at which it remained for 30 min. Ther-
mal treatment conditions were chosen from the
literature data for the SrTiO; obtained from the similar
precursor solutions.* Films were slowly cooled to pre-
vent crack formation. Composition and crystal struc-
ture of the films were determined by X-ray diffraction
analysis, and microstructure was examined by AFM
and SEM.

3. Results and discussions

After equipment construction, great efforts were made
to optimize deposition conditions: deposition tempera-
ture and oxygen flow rate. It was necessary to adjust
oxygen flow rate with the valves 1, 8, and 9 (see Fig. 1)
on such a way to obtain dense, quasi-static nebule
(extremely low flow rate) above the substrate. This was
achieved for the oxygen rate of 500 cm?/min at valve 1.
Several different deposition temperatures were experi-
mented. It was found that deposition at temperatures
lower than 70 °C leads to spray condensation on the
substrate surface resulting in inhomogeneous films. On
the other hand, too high temperatures led to very fast
evaporation of the precursor from a substrate surface,
and evaporation occurred before the particles were
deposited. As a result, films were not formed at tem-
peratures higher than 100 °C. The optimal micro-
structure and composition were obtained for deposition
temperature of 85 °C. Investigated films were deposited
under these optimal conditions, but at different times of
deposition, to obtain films of different thickness. Also,
this equipment construction allowed obtaining of
homogeneous thin film on a big substrate area. In our
work substrates of different size were used and all
obtained films were homogeneous. The biggest substrate
which was used was 20x40 mm.

Fig. 1. Schematic representation of the equipment set-up: 1-valve,
2-flowmeter, 3-aerosol generator, 4-solution, 5-aerosol, 6-substrate,
7-heating plate, 8-valve and 9-valve.

According to X-ray diffraction analysis of the pre-
pared films the single phase strontium titanate film was
obtained under chosen deposition conditions (Fig. 2).
The lattice parameters are given in Table 1. With
increase in time of deposition lattice parameters also
increased and approximated the lattice parameter of the
well-crystalline strontium titanate from the JCPDS card
(lattice parameter equal to 3.9050 A). Also, it was found
that the film thickness is approximately a linear function
of deposition time (Table 1).

According to AFM analysis the mean Rms roughness
was slightly dependent of film thickness and it was in
the range 1.68-2.23 nm (Fig. 3). The grains were
columnar, with mean size of 30.2-44.1 nm. The films
were homogeneous, dense and crack-free.

Since the decomposition of strontium acetate and
titanium citrate, as well as formation and crystallization
of strontium titanate occurred during additional ther-
mal treatment, it was not expected to obtain great dif-
ferences in film roughness, mean grain size and lattice
parameters. However, small differences in values of
these parameters were observed as a function of time of
deposition, i.e. film thickness. This could be explained
by descending influence of the substrate on the crystal
structure of the thicker films. Also, the conglomeration
and accumulation of strontium acetate and titanium
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Fig. 2. X-ray diffractogram of SrTiO; films.
Table 1

The characteristic properties of the strontium titanate films deposited
for different times

Deposition time (min)

30 60 120
Thickness (nm) 51 129 212
Mean grain size (nm) 30.2 35.5 44.1
Rms roughness (nm)n 1.68 2.13 2.23
Lattice parameters (A) 3.8885(9) 3.890(3) 3.8970(7)
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Fig. 3. Atomic force 3D micrographs of SrTiO; films deposited for (a) 120 min and (b) 60 min.

citrate on the substrate surface, that occurred at rela-
tively low temperatures (85 °C) during deposition,
probably influenced the final grain size of the strontium
titanate.

4. Conclusion

Strontium titanate thin films were successfully pre-
pared by spray pyrolysis technique. Optimal deposition
parameters were the following: carrier gas flow rate: 500
cm?/min; deposition temperature: 85 °C. Film thickness
is approximately a linear function of deposition time
and it was in the range 51-212 nm. Obtained films were
homogeneous, dense, crack-free and very smooth. Mean
roughness was slightly dependent on film thickness and
it was in the range 1.68-2.23 nm.
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