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A doped lanthanum gallate of Lag gSr2GageMgo15C0005025 (LSGMCQ) is useable as an electrolyte of a
solid oxide fuel cell because of its high oxygen ion conductivity. We prepared the LSGMCO films on porous
Ni substrates, which is used as an electrode of the SOFC, by KrF excimer pulsed laser deposition technique
with a laser energy of 300 mJ and a repetition rate of 10Hz. LSGMCO films were poly-crystallized on Ni
porous substrates in the case of a substrate temperature of 800°C. The grain size of the LSGMCO thin film
deposited onto the porous Ni substrate for 10min. was 300-600 nm in a diameter when the oxygen pressure
was 133 Pa and the substrate temperature was 800°C and grains were also deposited on the side wall of the
substrate. We could control the grain size of the film by changing the oxygen pressure without losing its
crystallinity. The smooth and dense LSGMCO film was prepared on the porous Ni substrate after 3 hours
deposition.
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1. INTRODUCTION 2. EXPERIMENTAL PROCEDURES

LaGaQ; based perovskite materials such as A KrF excimer laser (Lambda Physik, COMPex 110,
LayxS1,Ga; Mg Osaipyn. - (LSGMO)  [1-11]  and maximum  energy=350 mJ, pulsed duration=30 ns,
Lay..81,Ga1.,.,Mg,C0,05 (x4 (LSGMCO) [12,13] have A=248 nm) was introduced into a stainless chamber
a high oxide ion conductivity and are promising (=400 mm) through a lens, mirrors and a quartz
candidates for electrolvtes of solid oxide fuel cells window and focused on a Lag Sty 2Gag sMgo.15C00.05025
(SOFCs). Typical SOFCs use bulks or thick membranes bulk (®=30 mm, t=5 mm) target at an incident angle of
of yttria stabilized zirconia as electrolytes and operate at 45° with a laser energy density of 3J/em® (laser
around 1000°C. This high operating temperature causes energy=300 mJ, spot size=5x2 mm?) and a repetition
a high energy conversion efficiency of the SOFCs. rate of 10 Hz. The LSGMCO target was prepared by
However, there is a material limitation as for an mixing powders of LayOs, StCOs, Gay03, MgO and CoO
interconnect part between cells, in stoichiometric proportions. The influence of

Then, thin film preparation techniques of the stoichiometry of LSGMCO bulk and optical emission of
electrolyte material on the porous electrode of the SOFC plasma plume ablated from the target were reported in
are needed for the low temperature operation in order to elsewhere [12,16].
increase the lifetime and decrease costs of materials, the Quartz and LaAlQ; substrates were used to optimize
fabrication process and the operation of the SOFC. deposition conditions for crystallization of the film.
Several techniques such as a tape casting [14], a screen LSGMCO films were deposited on porous Ni (anode
printing and a sputtering [15] have been employed to electrode of the SOFC) substrates for 10-180 mun. Fig.1
make a film of the electrolyte in other works. shows surface morphology of the porous Ni substrate.

In this work, we fabricated LSGMCO thin films by There are many holes with the size of several pm.
pulsed laser deposition (PLD) technique on quartz, A substrate temperature and an oxygen pressure
LaAlO; and porous Ni substrates. The PLD is an during the deposition were varied from R.T. to 800°C
available method to prepare thin films with and from vacuum (10°Pa) to 133 Pa, respectively. The
multi-components due to its superior controllability of substrate temperatwre and the oxygen pressure
stoichiometry, dependence of the crystallinity, surface morphology and

electric property of the LSGMCO films were measured
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by following methods. Crystallinity of the LSGMCO
thin films was characterized by X-ray diffraction (XRD:
Rigaku, RINT2000) with a CuKe line. Surface
morphologies were observed by field emission scanning
electron microscopy (FESEM: Hitachi, S4500).
Secondary ion mass spectroscopy (SIMS: ATOMICA
Instruments, lon Miocroprobe 4100) was used to
measure the composition.

Fig.1 The surface morphology of porous Ni.

3. RESULTS AND DISCUSSION

LSGMCO thin films were prepared on quartz
substrates at the various substrate temperature to find an
optimal temperature for the crystallization. It was found
that a substrate temperature of 800°C was needed to
obtain polycrystalline LSGMCO thin film with the same
stoichiometry as the target. The LSGMCO thin film
exhibited the one order magnitude higher ion
conductivity compare to that of the YSZ bulk.

A c-axis oriented LSGMCO thin film was obtained
when a LaAlQ, single crystal was used as the substrate.
This result is due to the small lattice mismatch (+2.4%)
between the LSGMCO and LaAlQ; single crystal. The
detail study on properties of the LSGMCQ thin films
prepared on the quartz and LaAlQ; substrates were
reported in elesewhere [17].

In order to obtain an electro-motive force from a
SOFC, a dense LSGMCO film without the fuel gas
leakage should be deposited on a porous substrate.
Therefore, the growth style of the LSGMCO film on the
porous substrate, especially the grain size of the film was
studied.

The initial stage for the deposition of the LSGMCO
thin film on the porous Ni substrate was observed by the
FESEM. Fig.2 shows FESEM images for the substrate
temperature and the oxygen pressure dependence of the
sutface morphologies of the LSGMCO thin films
deposited on the porous Ni substrates for 10min. The
distance between the target and the substrate was
constant (45 mm). Because ablated species from the
LSGMCO target have less reaction with the atmosphere
in vacuum, the deposition rate was very low and grains
were not observed clearly in the vacuum pressure of 107

Pa. The grain size was increased with the increase of the
oxygen pressure. However, LSGMCO thin films
deposited at the substrate temperature of R.T. and the
pressure of vacuum (107 Pa) — oxygen (133 Pa) were not
crystallized and liable to come off due to the low
rigration energy at the surface of the substrate. On the
other hand, LSGMCO thin films prepared at the
substrate temperature of 800°C were poly-crystallized
(Fig.4). The average grain diameter of the LSGMCO
thin film deposited at the oxygen pressure of 20 Pa and
800°C was 60 nm. It is too small compare to the size of
porous part to make a dense thin film on the porous
substrate. The grain size of the LSGMCO thin film
deposited at the oxygen pressure of 133 Pa and 800°C
was 300-600 nm, which is several times larger than that
of the thin film prepared at the oxygen pressure of 20 Pa.
In the case of the oxygen pressure of 1333 Pa and the
substrate temperature of 800°C, the deposited film
showed the amorpbous phase and grain size was the
same as that of the film prepared at 133 Pa oxygen
pressure. We suppose that higher oxygen pressure
resulted in more collisions between ablated species and
oxygen gas under the oxygen pressure range of 20 - 133
Pa and relatively large grains were formed in the gas
phase and transported onto the substrate.

Atmospheric Pressure
Vacuum (182 Pa) Oxygen (20 Pa) Oxygen (133 Pa)

RT 800°C
Substrate Temperature

Fig.2 The substrate temperature and oxygen
pressure dependence of surface
morphologies of LSGMCO thin films
deposited on porous Ni substrates
for 10min.

Fig.3 shows the FESEM image for the growth of the
LSGMCO thin film at the porous part of the substrate
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deposited at the substrate temperature of 800°C and the
oxygen pressure of 133 Pa for 10min. As can be seen,
the grains having the diameter above mentioned were
deposited on not only the flat part but also the side wall
of the porous part of the porous Ni substrate. This
growth style is one of important factors for making
electrolyte films with the mechanical strength and
without the fuel gas leakage. The long time deposition is
needed for covering the porous substrate.

Fig3 The FESEM image for the porous
part of the LSGMCO thin film deposited
at the substrate temperature of 800°C
and the oxygen pressure
of 133 Pa for 10min.

Fig. 4 shows XRD (6-26 scan) spectra for the
LSGMCO thin films prepared on the porous Ni
substrates at 800°C and (a) vacuum (10 Pa), (b) oxygen
pressure of 20 Pa and (c) oxygen pressure of 133 Pa. The
detector (26) range and angular resolution of the
measurement were 20-80° and 0.01°, respectively. The
peak identification was based on the JCPDS card of
LaGaO;. The thickness of the LSGMCO thin film
deposited at the vacuum (10 Pa) was very thin and the
grains were not observed clearly in Fig.2. However, as
can be seen in Fig.4 (a), peaks from the poly-crystalline
LSGMCO thin film and from the Ni substrate were
observed. Peak positions of this XRD spectrum showed
good agreement with those of the LSGMCO thin film
deposited on the quartz substrate. Since the LSGMCO
has oxygen deficiencies in the lattice originally, the thin
film is easy to crystallize in the vacuum pressure but the
grain size is too small to cover the porous substrate.
When the oxygen pressure was 20 — 133 Pa, strong
LSGMCO poly-crystalline peaks appeared. We could
change the grain size of the LSGMCO thin film with
keeping its crystallinity by varying the oxygen pressure
during the deposition.
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Fig4 XRD spectra for dependence of
the oxygen pressure ((a) Vacuum (10° Pa),
Oxygen of (b) 20 Pa and (C))
during the deposition of LSGMCO
thin films on porous Ni substrates
at 800°C for 10min.

We deposited LSGMCO films for relatively long time
at the laser repetition rate of 10 Hz, the substrate
temperature of 800°C and the oxygen pressure of 133 Pa
to cover the surface of the porous Ni substrate. Surface
morphologies of the LSGMCO films after 1 hour and 3
hours deposition are shown in Fig3 (a) and (b),
respectively. As can be seen in Fig.5 (a), the surface of
the LSGMCO film after 1 hour deposition was relattvely
rough and there were holes owing to the influence of the
porous part of the substrate. This film may have the fuel
gas leakage and is not suitable for the electrolyte film.
On the other hand, the dense and smooth surface
morphology was observed from the LSGMCO film
deposited for 3 hours (Fig.5 (b)).
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(a) 1 hour deposition

(b} 3 hours deposition

Fig.5 Surface morphologies of the LSGMCO
films deposited on porous
Ni substrates at the substrate
temperature of 800°C and the oxygen
pressure of 133 Pa for (a) thour
and (b) 3 hours.

4. CONCLUSIONS

We prepared films of the LSGMCO which is one of
candidates for electrolyte of the SOFCs on the porous Ni
substrates by the KrF excimer pulsed laser deposition
technique. LSGMCO films were crystallized under the
deposition pressure range from vacuum (107 Pa) to
oxygen 133 Pa when the substrate temperature was
800°C. Grains were not confirmed clearly from the
LSGMCO thin film deposited at the vacuum (10° Pa).
The grain size of the LSGMCO thin film deposited for
10min. was 300-600 nm in diameter when the oxygen
pressure was 133 Pa and grains were deposited on the
side wall of the porous Ni substrate. We could control
the grain size of the film by changing the oxygen
pressure without losing its crystallinity. It was found that
holes of the porous substrate had an influence on the
surface morphology of the LSGMCO film. However, the

smooth and dense LSGMCO film was prepared on the
porous Ni substrate after 3 hours deposition.

ACKNOWLEDGEMENT

The authors would like to express their thanks to
Professor Kenji Ebihara of Kumamoto University for
valuable discussions and comments. This work was
supported in part by Special Coordination Funds for
Promoting Science and Technology.

REFERENCES

[1] T. Ishihara, H. Matsuda and Y. Takita, J. Am. Chem.
Soc., 116, 3801-3803 (1994).

[2] M. Feng, J. B. Goodenough, K. Huang and C.
Milliken, J. Power Sources, 63, 47-51 (1996).

[3] K. Huang, R. S. Tichy and J. B. Goodenough, J. Am.
Ceram. Soc., 81, 2565-2575 (1998).

[4] T K. Huang, R. S. Tichy and J. B. Goodenough, J.
Am. Ceram, Soc., 81, 2576-2580 (1998).

{51 K. Huang, R. S. Tichy, J. B. Goodenough and C.
Milliken, J. Am. Ceram. Soc., 81, 2581-2585 (1998).

[6] X. Zhang, S. Ohara, H Okawa, R. Maric and T.
Fukui, Solid State Ionics, 139, 145-152 (2001).

[71 T. Fukui, S. Ohara, K. Murata, H. Yoshida, K. Miura
and T. Inagaki, J. Power Sources, 106, 142-145 (2002).
[8] I Yasuda, Y Matsuzaki, T. Yamakawa and T.
Koyama, Solid State Ionics, 135, 381-388 (2000).

[91 H. Yokokawa, N. Sakai, T. Horita and K. Yamaji,
Fuel Cells, 1, 117-131 (2001).

[10] T. Horita, K Yamaji, N. Sakai, H. Yokokawa, A.
Weber and E. 1. Tiffe, Solid State Ionics, 138, 143-152
(2000).

{117 L. Cong, T. He, Y. Ji, P. Guan, Y. Huaung and W. Su,
J. Alloys and Compounds, 348, 325-331 (2003).

[12] T. Ishihara, T. Akbay, H. Furutani and Y. Takita,
Solid State lonics, 113-115, 585-591 (1998).

[13] K. Kuroda, I. Hashimoto, K. Adachi, J. Akikusa, Y.
Tamou, N. Komada, T. Ishihara and Y. Takita, Solid
State Ionics, 132, 199-208 (2000).

{14] J. V. Herle, R. Ihringer, R. V. Cavieres, L.
Constantin and Q. Bucheli, J. Eur. Ceram. Soc., 21,
1855-1859 (2001).

[151D. Kek, P. Panjan, E. Wanzenberg, J. Jamnik, J. Eur.
Ceram. Soc., 21, 1861-1865 (2002).

[16] S. Kanazawa, T. Ito, K. Yamada, T. Ohkubo, Y.
Nomoto, T. Ishihara and Y. Takita, Surface and Coatings
Technology, 169-170, 508-511 (2003).

[17} F. Mitsugi, S. Kanazawa, T. Obkubo, Y. Nomoto, T.
Ishihara and Y. Takita, Jpn. J. Appl. Phys. (in press).

(Received October 13, 2003: Accepted July 1, 2004)



