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Abstract

La; SrCoOs.5 (LSCO) films have been deposited on
LClAlOg (LAO), Lal_xerGaI_yng03_5/LaAIO3
(LSGM|LAO) and yittria-stabilized zirconia ( YSZ)
substrates by pulsed laser deposition (PLD) for appli-
cation to thin film solid oxide fuel cell cathodes. The
optimum conditions for deposition were determined for
the different substrates in an ambient of 80-310 mTorr
oxygen pressure and at a substrate temperature range
of 450 to 750°C. The films structures were analyzed by
XRD, RBS and SEM. Epitaxial LSCO films were
grown with (110) preferred orientation on YSZ, and
with (100) orientation on LAO and LSGM|LAO. The
electrical resistivity of the epitaxial LSCO films ran-
ged from 1072 to 10~* Q cm, depending on the deposi-
tion temperature and substrate. The ionic conducting
behavior of the LSCO film on YSZ was investigated by
impedance measurement. © 1999 Elsevier Science
Limited. All rights reserved
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1 Introduction

The electronic and ionic conductor Lag.5Srg.sCoO5_s
(LSCO) is an important cathode material for solid
oxide fuel cells (SOFC).!> Recently, PLD® has
been used to fabricate LSCO thin films for appli-
cation to SOFC,” however much work is still
required for realizing integrated thin film SOFC.
Using integrated oxide thin films for fuel cell
design can reduce the size and cost of cells. Parti-
cularly, a simple planar thin film structure for the
fuel cells is expected to work at a lower operating
temperature than bulk cells due to a higher pro-
jected efficiency of ion transport.

*To whom correspondence should be addressed. Fax: +1-
713-747-7724; e-mail: xinchen73@hotmail.com
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LSCO is a perovskite-type oxide® with a low
electrical resistivity. It is also an oxygen ion con-
ductor, and as a result, is used as a fuel cell cathode
material. An oxygen ion conductor that is an elec-
tronic insulator is used in bulk form as a fuel cell
electrolyte material. A solid oxide fuel cell, there-
fore, typically consists of an LSCO cathode, an
electrolyte, such as yttria-stabilized zirconia (YSZ)
or La;_Sr.Ga; ,Mg,035 (LSGM), and a metallic
anode (usually nickel). Such a fuel cell typically
works at high temperature (>800°C), and hence
has degradation due to interface reactions and
thermal expansion coefficient differences between
LSCO and the electrolyte. It is expected that by
using a thin film planar cell structure, the working
temperature of the cell can be significantly reduced
due to higher ionic transport, and hence the stabi-
lity and performance of the cell can be improved.

In this paper, we have studied the structure and
conducting properties of the LSCO thin films
deposited by PLD.

2 Experimental

LSCO films have been deposited on LaAlOj
(LAO), La;.,Sr.Ga,,Mg,0;/LaAlO; (LSGM/
LAO) and YSZ substrates by PLD. A KrF excimer
laser was used at an energy of 0-190J/pulse (flu-
ence=1-25Jcm™?), and a frequency of 7Hz. The
target was a commercially obtained, sintered
LSCO pellet mounted on a rotating holder in a
vacuum chamber with base pressure of 2x10~>
torr. The substrate was a (100) YSZ single crystal
wafer mounted on a halogen lamp heated holder
allowing for growth temperatures ranging from
room temperature to 1000°C. The LSCO films
were deposited in an oxygen ambient at pressures
from 80 to 310mTorr. The substrate temperature
was varied from 450 to 750°C for the growths.
Film crystal structure was analyzed by X-ray dif-
fraction (XRD). XRD 20 scans were collected with
a Siemens D-5000 system. Additional XRD analysis
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was performed with a Siemens General Area
Detector Diffraction System (GADDS). SEM and
EDS were also used for determination of both
morphology and general composition of the sam-
ples. LSCO film resistivity was measured by the
traditional four-probe method wusing sputter-
deposited silver contacts.

A LSCO/YSZ/LSCO testing cell was made by
depositing LSCO films on two sides of a YSZ
wafer. The AC impedance of the cell at high tem-
perature was measured with an Impedance/Gain
Phase Analyzer.

3 Results

3.1 LSCO on LAO

LAO is a perovskite-type oxide, with a lattice
parameter similar to LSCO. Deposition of LSCO
on LAO substrates at high temperatures (>550°C)
yields epitaxial films. Figure 1(1) is the XRD 26
analysis of a LSCO film deposited at 650°C on a
LAO (100) substrate. We can see a strong LSCO
(200) peak only, indicating a good (100) oriented
film. SEM analysis on the film shows a generally
smooth surface. XRD pole figure analysis shows a
A¢ of ~1° on the film, RBS analysis shows a ymin
of 6%, indicating a good epitaxial film. LSCO has
also been deposited on LSGM/LAO substrates. A
good epitaxial film is also grown [Fig. 1(2)].

3.2 LSCO on YSZ

LSCO films were also deposited on YSZ (100)
substrates at 450 to 750°C. YSZ has a crystal
structure different from that of LSCO. When
deposited at 750°C in a 150mTorr oxygen ambi-
ent, a smooth (110) oriented LSCO film is devel-
oped on the YSZ (100) substrate, which is shown
by SEM and XRD measurements [Fig. 1(3)]. XRD
pole figure analysis shows a A¢ of ~10°, and RBS
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Fig. 1. XRD 20 analysis of LSCO thin films deposited by
PLD.

analysis shows a ymin of 30%, indicating the film is
highly oriented poly-crystal.

When deposited at 650°C, the (110) diffraction is
weakened, and a strong LSCO (100) diffraction
peak appears, indicating a mainly (100) oriented
film. Upon further decreasing the deposition tem-
perature to 550°C, the film again becomes (110)
oriented. Detailed XRD analysis by GADDS
measurement shows that in difference to the 750°C
deposited highly oriented film, the 550°C deposited
film shows many different crystal orientation
directions. The fraction of (110) oriented crystal-
lises in the 550°C deposited film is larger than the
other crystal orientations, so that a (110) diffrac-
tion peak appears in the XRD 260 scan. The LSCO
diffraction peaks from the 450°C deposited film are
very weak, indicating an amorphous film.

Figure 2(a) is an illustration of the LSCO lattice
structure.” Site A is occupied by La or Sr atoms
and site B is occupied by Co atoms. The large circles
represent the oxygen atoms. The atom arrange-
ments for the LSCO(110) and (100) planes are also
shown in Fig. 2(a). Figure 2(b) is a lattice model
of the YSZ unit cell. Zr or Y atoms are located at
the corners and the face centers of the unit cell,
with a cubic structure of eight oxygen atoms
inside the cell. Previous work has shown that the
exposed surfaces of oxides are usually oxygen
terminated.®!° If the YSZ surface is fully covered
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Fig. 2. A schematic model for the lattice match and film
growth of LSCO on YSZ: (a) an illustration of LSCO lattice
structure; (b) atomic model of the LSCO/YSZ surface.
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with oxygen, the surface oxygen atom arrangement
is similar to that of the LSCO (100) plane indicated
in Fig. 2(a), and (100) oriented LSCO growth is
expected. If the YSZ surface does not have full
oxygen coverage, then with the presence of surface
oxygen vacancies a surface oxygen arrangement
similar to that in the LSCO (110) plane could be
realized, resulting in (110) oriented growth for
LSCO.
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Fig. 3. Resistivity of LSCO/YSZ films with different deposition
temperatures.
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This surface oxygen model can explain the
observed LSCO thin film growth on YSZ substrate.
At 650°C and under 150m torr oxygen pressure,
the YSZ surface is mostly covered with oxygen
atoms. The YSZ surface oxygen atom arrangement
matches that of the LSCO (100) plane, and (100)
oriented LSCO films are grown.

When the substrate temperature is increased, the
YSZ surface has oxygen vacancies, and a (110)
oriented LSCO film is likely to develop on the YSZ
surface. When the deposition temperature is
decreased to 550°C, LSCO crystals with various
directions can grow on the surface. Consider the
boundary between the film and the substrate. For a
(110) oriented LSCO grain on the YSZ substrate,
the crystal mismatch at one side is very small, only
1-3%, while mismatch at the other side is 4-7%.
For an (100) oriented grain, the mismatch with the
substrate is larger, 4.7% for both sides. When
crystals with different orientations grow together
and compete with each other, a (110) oriented
grain is therefore expected to be more stable with
respect to lattice mismatch, and therefore more
likely to grow larger than (100) grain. As a result, a
poly-crystalline but mostly (110) oriented film will
be formed. When the deposition temperature is
further decreased to 450°C, the film is not crystal-
line.

Changing the ambient oxygen pressure for the
film deposition should similarly affect the surface
oxygen concentration, and hence the structure of
the film. This is supported by XRD analysis of the
films deposited at 650°C in oxygen ambient from
80 to 310m Torr, showing (100) film growth at
higher oxygen pressures.
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Fig. 4. Impedance of a LSCO/YSZ/LSCO test cell measured at 673°C; and an equivalent circuit used to analyze the impedance of
the test cell.
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The measured resistivity of the LSCO films is
shown in Fig. 3. The lowest resistivity from the
LSCO film deposited on YSZ is 1x1073 Qcm at
300K for the 550°C deposited film.

3.3 LSCO/YSZ/LSCO

A LSCO/YSM/LSCO test cell was made by
deposition of LSCO on the two sides of a YSZ
wafer. Its AC impedance was measured and the
impedance spectrum is shown in Fig. 4. The semi-
circle is an impedance which is related to oxygen
diffusion at the sample surface. The lower inter-
cept of the semicircle is the sum of YSZ and
sample contact impedance. The equivalent circuit
model!! for the test cell is inserted in Fig. 4. For
the circuit, R is the charge transfer resistance, C is
the air/sample interface capacitance, and Z,, is the
Warburg impedance which is given by:!?

tanh \/jwty,
VWt

where R, is mass transfer resistance and 7, is a
time constant defined by:

ZW:Rmt (1)

tw=0F2/D (2)

where /. is the thickness of the diffusion layer
which might be the thickness of the LSCO layer
and D is the diffusion coefficient.

The impedance spectrum has been fitted by the
equivalent circuit model, yielding a ¢, value of
0-84s. With an LSCO film thickness of 0-31 um,
the diffusion coefficient of the film is estimated to
be 1-1x1072 cm?s~! which is somewhat lower than
values given in the literature.'> DC polarization
analysis of the cell is underway.

4 Conclusion

Epitaxial LSCO films have been deposited on LAO
and LSGM/LAO substrates. The crystal orienta-
tions of LSCO films deposited on YSZ are different
when deposited at different temperatures and
under different oxygen ambient pressures. The
lowest resistivity of 1x1073 Qcm for LSCO film
on YSZ is obtained when deposited at 550°C under
150 mTorr oxygen pressure. The main part of the

impedance of a LSCO/YSZ/LSCO testing cell is
contributed by diffusion impedance.
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