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Abstract. Films of La0.5Sr0.5CoO3 (LSCO) have been de-
posited on specially treatedTiO2-terminated (001)SrTiO3
substrate surfaces and on macroporous polycrystalline
α-Al2O3 substrates, having a mean pore diameter of80 nm,
by pulsed laser deposition. The films deposited onSrTiO3 are
good conducting, (001) textured, and exceptionally smooth
(1–2 Å for 100 nm thick films). LSCO films deposited on
porousα-Al2O3 are polycrystalline and exhibit good crystal-
lographic and electrical properties despite the large substrate
roughness and the differences in lattice parameters and crystal
structure between the film and the substrate. Different growth
modes have been observed on the porousα-Al2O3 substrates
depending on the oxygen pressure during film deposition.
Films grown at an oxygen pressure of10−1 mbarare macro-
porous, whereas films grown at10−2 mbarcompletely cover
the substrate pores. In the latter case, strain effects lead to film
cracking.

PACS: 81.15.Fg; 68.15.Jk; 81.05.Je

The pseudo-cubic perovskiteLa0.5Sr0.5CoO3 (LSCO) ex-
hibits a high electronic and oxygen ionic conductivity, good
chemical stability, and high catalytic activity. Films of LSCO
are therefore of great technological importance since they can
be used for a wide range of applications. On the one hand,
epitaxial LSCO films are studied for electronic applications
like nonvolatile ferroelectric memory devices and high-Tc
superconducting Josephson junctions [1–5]. On the other
hand, epitaxial, polycrystalline, and porous films of LSCO
and other related compounds from the(La,Sr)(Co,Fe)O3
family are studied for application in various electrochem-
ical devices like solid oxide fuel cells, oxygen separation
membranes, and gas sensors [6–11]. So far, there have been
no reports on the growth of LSCO on porous substrates by
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pulsed laser deposition. In this paper, we report on the prop-
erties of LSCO films deposited on macroporousα-Al2O3
substrates for electrochemical applications by pulsed laser de-
position. For comparison, the properties of epitaxial LSCO
films deposited on high- qualitySrTiO3 substrates are also
discussed.

1 Experimental

LSCO films were deposited from a rotating stoichiomet-
ric La0.5Sr0.5CoO3 target (polycrystalline,99% dense) by
a 248 nm KrFexcimer laser (Lambda Physik). The fluence
used was1.5 J/cm2, which is well above the threshold for
stoichiometric ablation [12]. The deposition temperature was
varied between 500 and800◦C. After growth, the films were
annealed for1 h in 1 bar oxygen pressure at the deposition
temperature and subsequently cooled at a rate of5 ◦C min−1

to room temperature. The films were deposited on spe-
cially treated, well-defined,TiO2-terminated (001)SrTiO3
substrates surfaces [13] as well as on round (∅15 mm),
polycrystalline, macroporousα-Al2O3 substrates that were
synthesized from commercially obtained powder. The mean
pore diameter of these substrates as determined by mercury
porosimetry is80 nm. SEM and AFM were used to examine
the film surface morphology and EDX was used to determine
the average composition of the films. The film structure was
analyzed by XRD and the film resistivity was measured by
a standard four-point probe measurement.

2 Results and discussion

Stoichiometric and exceptionally smooth LSCO films were
grown onSrTiO3 in the temperature range550–700◦C. The
oxygen pressure during deposition and the target-to-substrate
distance were kept constant at optimized values of0.1 mbar
and63 mm, respectively. The repetition frequency was5 Hz.
The film resistivity was lowest for films grown at tempera-
tures between580–640◦C. In this temperature range, the
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Fig. 1. Normalized temperature dependence of the electrical resistivity of
a (001) texturedLSCO/ SrTiO3 film (deposition temperature620◦C) and
a polycrystallineLSCO/ α-Al2O3 film (deposition temperature650◦C).
Both films were grown at an oxygen pressure of0.1 mbarand a target-to-
substrate distance of63 mm

films exhibit metallic conductivity (Fig. 1) and the film resis-
tivity is typically 100µΩcm at 300 K. For higher or lower
deposition temperatures the films exhibit semiconductivity
(i.e. a negatived%/dT).

Figure 2 shows the surface morphology of a100 nmthick
LSCO/SrTiO3 film deposited at620◦C. Since the observed
Reflected High-Energy Electron Diffraction (RHEED) data
during the growth of LSCO imply a step-flow growth mode,
the characteristic straight terrace ledges of the single termi-
natedSrTiO3 surface are still just visible. Consequently, films
are atomically smooth, with a typical r.m.s. roughness of only
1–2 Å for 100 nmthick films.

X-ray diffraction analysis of a50 nm thick epitaxial
LSCO/SrTiO3 film revealed that films deposited at620◦C
are fully (001) oriented since there are no reflections orig-
inating from the (110) or (111) orientations (Fig. 3). The
measured full width at half-maximum (FWHM) of the rock-
ing curves of the (001) and (002) film peaks were0.25◦ and
0.24◦, respectively, which indicates a low mosaic spread. The
out-of-plane lattice parameter is3.79Å, whereas the lattice
parameter of the LSCO target equals3.84Å. Hence the film
exhibits in-plane tensile strain caused by the lattice mismatch
with the substrate (1.7% at room temperature). As a result,

Fig. 2. Atomic force micrograph of a100 nmthick LSCO/SrTiO3 film
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Fig. 3. θ-2θ X-ray diffraction scan ofLSCO/SrTiO3 film deposited at
620◦C. Also indicated are the FWHM of the rocking curves of the (001)
and (002) LSCO peaks

the out-of-plane lattice parameter is lowered due to elastic de-
formation of the film. It is important that a low cooling rate
(5 ◦C min−1) is employed, since the misfit between the film
and the substrate increases during cooling, caused by the dif-
ference in thermal expansion coefficients between the film
and the substrate. Higher cooling rates lead to the formation
of micro-cracks along the crystal axes that relieve the misfit.
As a consequence, a pattern of regularly aligned rectangu-
lar blocks is formed on the surface [4]. The micro-cracks are
unwanted for device applications, since they cause a deterio-
ration in the electrical properties of the film.

Fig. 4a–c.Scanning electron micrograph ofa a macroporousα-Al2O3 sub-
strate,b a 600 nmthick LSCO/α-Al2O3 film deposited at0.1 mbaroxygen
pressure, andc a 800 nmthick LSCO/α-Al2O3 film deposited at10−2 mbar
oxygen pressure. The deposition temperature was650◦C for both films
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Fig. 5. θ-2θ X-ray diffraction scan of anLSCO/α-Al2O3 film deposited at
650◦C in an oxygen pressure of10−2 mbar. The Bragg diffractions of the
substrate are marked ‘�’. The lattice parameter is3.84Å

LSCO films,500–1000 nmthick, were deposited on the
porousα-Al2O3 substrates. The substrate temperature of the
α-Al2O3 substrates was varied from 500 to800◦C and the
oxygen pressure was varied from10−1 to 10−2 mbar. The
target-to-substrate distance was kept constant at the value
optimized for growth onSrTiO3, namely63 mm. The laser
repetition frequency was10 Hz. The film resistivity was low-
est for films grown at temperatures between 600 and700◦C.
In contrast to the (001) texturedLSCO/SrTiO3 films, the
temperature dependence of the resistivity showed a semicon-
ductive behavior for all deposition temperatures. Figure 1
shows the resistivity of aLSCO/α-Al2O3 film deposited at
the optimal growth temperature. Films deposited at this tem-
perature exhibit a room temperature resistivity that is about
20 timeslarger than the room temperature resistivity of epi-
taxial LSCO/SrTiO3 films deposited at the optimal growth
temperature. The oxygen pressure during deposition was not
critical with respect to the electrical conductivity of the films.

Figure 4a shows the surface morphology of a polished
α-Al2O3 substrate. Although the mean substrate pore diam-
eter is80 nm, pores with much larger sizes can be observed.
The typical morphology of a600 nmthick LSCO/α-Al2O3
film deposited at650◦C and an oxygen pressure of10−1 mbar
is presented in Fig. 4b. The LSCO film is macroporous and
is composed of large faceted grains of about300–500 nm
in size. Increasing the film thickness up to1000 nmdoes
not decrease the film porosity. However, lowering the oxy-
gen pressure to10−2 mbar leads to a drastic change in film
morphology (Fig. 4c). At reduced oxygen pressures, rela-
tively smooth (with r.m.s. values of6–9 nm) and dense films
are obtained that completely cover the substrate pores. Unfor-
tunately, a strong strain is induced in the film during cooling,
caused by different thermal expansion coefficients. As a re-
sult, films crack during cooling despite the slow cooling rate
of 5 ◦C min−1. Cracking might be avoided by applying a film
material with a lower thermal expansion coefficient or by
using perovskite substrates.

LSCO andα-Al2O3 differ from each other in lattice pa-
rameters and crystal structure (cubic vs. corundum). In add-
ition, the substrate roughness is large because of the large
open pores. Nevertheless, the deposited films exhibit good

crystallinity and do not contain impurity phases, as can be
observed in Fig. 5. Since there is no epitaxial relationship
between the film and the substrate surface, the films are poly-
crystalline. Therefore the films contain many grain bound-
aries, which give rise to the semiconducting behavior.

The observed change in growth mode is related to the
distance over which the plasma thermalizes. Lowering the
oxygen pressure rapidly increases the thermalization distance
of the plasma, with the consequence that, at constant target-
to-substrate distance, atoms arrive at the substrate surface
with much larger energy [14]. A detailed investigation of the
growth mechanism on porous substrates is currently under
way.

3 Conclusions

High-quality (001) textured LSCO thin films have been
prepared onTiO2-terminatedSrTiO3 substrate surfaces by
pulsed laser deposition. Films grow pseudomorphically and
exhibit a very low roughness. Applying a slow cooling rate
prevents the film from cracking during cooling caused by
thermal stress. Polycrystalline LSCO films were prepared on
macroporous polycrystallineα-Al2O3 substrates. The oxygen
pressure during deposition greatly influences the resulting
film morphology. Aside from the observation that films de-
posited onα-Al2O3 can crack due to thermal stress, it has
been demonstrated that, at reduced oxygen pressures, the
films deposited can completely cover the large substrate
pores. This has technological implications for utilizing pulsed
laser deposition for new applications and illustrates the versa-
tility of the pulsed laser deposition technique.
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