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Abstract

The crystallisation of chemical solution deposition (CSD) prepared Lag sSrysCoOz (LSCO) thin films was studied using analytical
electron microscopy (AEM). In the first stages of crystallisation, where the particle size was in the nanometer range, experimental selected
area electron diffraction (SAED) patterns were compared to calculated (simulated) patterns in order to determine the phase composition.
In samples prepared at 350°C an amorphous phase, nanocrystalline Sr(NO3), and Co30,4 were found as well as large crystals (up to 0.5
um) of SrCOjs. Samples annealed at 500°C consisted mainly of the cubic LSCO (perovskite) phase and an amorphous phase. In
samples fired at 650°C the pure perovskite phase with a grain size of 50-150 nm was found. © 2001 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

Lag 5SrgsCoO5; (LSCO) thin films have been exten-
sively investigated because of their use as oxide electro-
des for ferroelectric memory devices.!> LSCO is a very
attractive electrode material in all applications involving
lead-based perovskite ferroelectric thin films, e.g. Pb(Zr,
Ti)O3 (PZT), because of its perovskite structure with lat-
tice parameters close to those of PZT and a low electrical
resistivity of about 90 uQ cm at room temperature.”™
Extensive studies have shown that PZT exhibits better
fatigue characteristics when in contact with conducting
oxide electrodes than with Pt electrodes.'™

The capacitor structures consisting of PZT and var-
ious electrodes are typically prepared in the temperature
range 600-700°C. Recently, thin films consisting of the
pure perovskite phase of titanium-rich (Pb, La) (Zr, Ti)O;
(PLZT) and PZT were prepared after heat treatment at
400°C.° The usually reported crystallisation temperatures
of the LSCO celectrodes, prepared by chemical solution
deposition (CSD) methods, are between 600 and
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800°C.7# In order to reduce the processing temperature
of the LSCO electrodes to the crystallisation tempera-
tures of PZT the evolution of the microstructure and the
crystallization of CSD-prepared LSCO thin films were
studied using analytical electron microscopy (AEM).

2. Experimental

LSCO thin films were prepared from a water solution
of lanthanum nitrate La(NO3);x6H,0, strontium nitrate
Sr(NO3), and cobalt nitrate Co(NO3), x6H,O with the
addition of 9 wt.% polyvinyl alcohol (PVA) (Moviol 4/
88) using CSD.° Thin films of 0.5 M solution were
deposited on thermally oxidized and platinum-coated sili-
con substrates using spin-coating at 5000 rpm for 30 s. In
order to determine the crystallization temperature, LSCO
thin films were dried for 5 min at 150°C and annealed for
30 min in a RTA furnace at different temperatures in the
range between 350 and 650°C with a heating rate of
2°C/min from room temperature to 400°C and 10°C/
min from 400 to 650°C.

For the transmission electron microscope (TEM)
observations samples were thinned from the substrate
side by mechanical grinding, dimpling and finally by
ion milling. Using a Jeol 2000 FX analytical electron
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microscope, equipped with an EDXS system (Link AN
10000 with UTW Si(Li) detector), the degree of crystal-
lisation and the chemical composition of the phases
present were studied as a function of annealing tem-
perature. Experimental selected-area electron diffraction
(SAED) patterns were compared to calculated patterns
in order to identify the phases. Simulated electron dif-
fraction “powder” patterns were calculated using the
EMS program package (Electron Microscopy Simula-
tion program from Dr. P. Stadelmann, EPFL-CIME,
Lausanne, Switzerland).!°

As a result of the calculations, listings of the positions
of the powder lines and the intensity of the lines were

created. Intensities were calculated from the structure
factors and corrected by a shape factor depending on
the crystal size. Dynamical effects were not considered
in the calculations. To be able to compare experimental
and simulated patterns a program package was devel-
oped which was able to convert the calculated intensity
distributions to SAED images.

3. Results

After annealing at 350°C the microstructure of the
samples consisted of a matrix phase, where besides an
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Fig. 1. Microstructure of the sample after annealing at 350°C: (a) TEM micrograph (dark-field image); (b) experimental SAED pattern compared to
the calculated (simulated) pattern of Sr(NOs), (top right) and Co304 (bottom right); (c) experimental SAED pattern of regularly shaped crystal
SrCOs3; (d) calculated SAED pattern of the cubic SrCOj; phase in [—110] zone axis.
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Fig. 2. Microstructure of the sample after annealing at 500°C: (a) TEM micrograph (bright-field image); (b) experimental SAED pattern (left)

compared to the calculated (simulated) pattern (right) of cubic LSCO phase.

amorphous phase, fine crystallites with particle sizes of
several nm were found using dark-field experiments.
Next to the nanocrystals, a few regularly shaped crystals
with sizes around 0.5 pm were observed [Fig. 1(a)]. In
the SAED pattern of the matrix phase, uniform, slightly
diffuse, circles were present indicating a very small particle
size [Fig. 1(b)]. In order to identify the nanocrystalline
phase the experimental SAED pattern was compared to
simulated ones for various phases. No match was found
for the cubic or the orthorhombic Lag 5Sry sCoO3 phase.
The best fit was observed for the cubic Sr(NOs3), and the
cubic Co3;0,4 phase with a particle size around 5 nm
[Fig. 1(b)].

From these results we assumed that the matrix phase
is composed of an amorphous phase with uniformly
distributed nanocrystals of cubic Sr(NO3), and Co30y,.
The EDXS spectrum of the matrix phase was in accor-
dance with this assumption showing strong peaks of Co
and La and small peaks of Sr. From an EDXS spectrum
of regularly shaped crystals it was found that this second
phase is enriched in Sr. The SAED pattern of a regularly
shaped crystal is shown in Fig. 1(c). The pattern could be
indexed as SrCOj. For comparison, a simulated SAED
pattern of strontium carbonate in the [—110] zone axis is
shown in Fig. 1(d).

In samples prepared at 500°C, besides the well-crys-
tallised LSCO phase with a grain size of around 50 nm
the presence of a secondary phase in the form of
“islets’” was found during the TEM analysis [Fig. 2(a)].
Using dark-field imaging it was determined that this

phase is most probably amorphous. The experimental
SAED pattern of the crystalline phase matches well with
the calculated pattern of the cubic LSCO phase
[Fig. 2(b)]. An EDXS spectrum of the secondary phase
exhibits a lower La content compared to the LSCO
phase.

TEM analysis of the samples after annealing at 650°C
revealed a homogeneous and well-crystallised cubic
LSCO phase with a grain size between 50 and 150 nm°
[Fig. 3(a)]. The experimental SAED pattern matches well
with the simulated pattern of the cubic Lag sSry sCoO5
phase [Fig. 3(b)].

4. Discussion

During annealing at low temperature (350°C), nan-
ometer-sized crystals of CozO4 and strontium nitrate
appeared from the amorphous matrix. Due to the pre-
sence of larger SrCOj; crystals the amorphous phase is
La-rich, which is confirmed by EDX-spectra (according
to Section 3). The origin of the large, regularly shaped
crystals of strontium carbonate could be an Sr-contain-
ing compound (nitrate, oxide) which crystallise during
the first stages of the samples preparation prior to
annealing (spin-coating and drying). On annealing in air
enriched with CO,, which originated from the decom-
position of PVA, this compound converts to strontium
carbonate, retaining the starting morphology. Anneal-
ing the samples at 500°C produced mainly the perovskite
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Fig. 3. Microstructure of the sample after annealing at 650°C: (a) TEM micrograph (dark-field image); (b) experimental SAED pattern (left) com-
pared to calculated (simulated) pattern of cubic (top right) and orthorhombic (bottom right) LSCO phase.’

LSCO phase with some traces of an amorphous La-
depleted phase. The presence of an amorphous phase of
different stoichiometry indicates that the stoichiometry
of the LSCO phase is not Lag 5SrysCoO5. In samples
fired at 650°C the pure perovskite LSCO phase was
found.

5. Conclusions

Using analytical electron microscopy the evolution of
the perovskite LagsSrgsCoO3; phase and the micro-
structure of thin films were studied. Samples prepared at
350°C were composed of an amorphous phase contain-
ing nanocrystals of Sr(NOj3), and Co;04. Besides these
phases regularly shaped crystals, up to 0.5 um, of SrCO;
were found. In samples prepared at 500°C, the cubic
LSCO phase with a grain size of 50 nm and amorphous
“islets”” were observed. After annealing at 650°C, TEM
analysis revealed a homogeneous and well-crystallized
perovskite phase with a grain size between 50 and
150 nm.
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