Available online at www.sciencedirect.com

" ScienceDirect

JOURNAL OF

www.elsevier.com/locate /jpowsour

Journal of Power Sources 164 (2007) 182-188

Low temperature solid oxide fuel cells with pulsed laser
deposited bi-layer electrolyte

Dongfang Yang®**, Xinge Zhang ®*, Suwas Nikumb?, Cyrille Decés-Petit,
Rob Hui®, Radenka Maric®, Dave Ghosh?
4 Integrated Manufacturing Technologies Institute, National Research Council Canada, 800 Collip Circle, London, ON, Canada N6G 4X8
b Institute for Fuel Cell Innovation, National Research Council Canada, 4250 Wesbrook Mall, Vancouver, B.C., Canada V6T IW5

Received 15 August 2006; received in revised form 19 September 2006; accepted 19 September 2006
Available online 20 November 2006

Abstract

Solid oxide fuel cells (SOFC) using a pulsed laser deposited bi-layer electrolyte have been successfully fabricated and have shown very good
performance at low operating temperatures. The cell reaches power densities of 0.5 W cm~2 at 550 °C and 0.9 W cm™2 at 600 °C, with open circuit
voltage (OCV) values larger than 1.04 V. The bi-layer electrolyte contains a 6—7 pm thick samarium-doped ceria (SDC) layer deposited over a
~1 pm thick scandium-stabilized zirconia (ScSZ) layer. The electrical leaking between the anode and cathode through the SDC electrolyte, which
due to the reduction of Ce** to Ce** in reducing environment when using a single layer SDC electrolyte, has been eliminated by adopting the
bi-layer electrolyte concept. Both ScSZ and SDC layers in the bi-layer electrolyte prepared by the pulsed laser deposition (PLD) technique are
the highly conductive cubic phases. Poor conductive (Zr, Ce)O,-based solid solutions or B-phase ScSZ were not found in the bi-layer electrolyte
prepared by the PLD due to low processing temperatures of the technique. Excellent reliability and flexibility of the PLD technique makes it a very

promising technique for the fabrication of thin electrolyte layer for SOFCs operating at reduced temperatures.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

High operating temperature is one of the main barriers for
wide scale adoption of solid oxide fuel cells (SOFC) technol-
ogy [1]. Therefore, most of the research work is focused on
the development of low temperature SOFCs operating at around
500-600°C [2-4]. To achieve the objective of low operating
temperatures, a number of approaches from the viewpoint of
new materials, novel processes, and unique architectures have
to be re-examined.

The practical operating temperature of SOFCs is mainly
determined by the conductivity and thickness of the electrolyte.
Samarium-doped ceria (SDC) is a promising material for its
uses as the electrolyte in reduced temperature SOFCs and has
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been investigated widely over the past two decades [3,4]. SDC
exhibits relatively high conductivity of 0.1 S/cm at 700 °C [5],
2-3 times higher than that of yttrium-stabilized zirconia (YSZ).
Its thermal expansion coefficient (12.5 x 10~ K1) is also more
compatible with that of the Ni-cermet anode and commer-
cial ferritic stainless steel interconnect, than with that of YSZ.
Although, the material exhibits better chemical and structural
compatibility with electrodes as well as higher ionic conduc-
tivity than YSZ, the reduction of Ce** to Ce3* induces n-type
electronic conduction, which tends to decrease the power output
of solid oxide fuel cells due to an internal electrical shorting. The
problem can be eliminated by using a barrier of thin scandium-
stabilized zirconia (ScSZ) layer deposited under the SDC layer to
improve the stability of the SDC layer under the reducing atmo-
sphere. The ionic conductivity of ScSZ is the highest among all
the ZrO;-based electrolytes [6], however, it is not considered
as the candidate electrolyte for the reduced temperature SOFCs
since its conductivity decreases rapidly with temperature below
800 °C [7]. When the bi-layer SDC/ScSZ electrolyte was used,
ScSZ layer acted mainly as the barrier and its layer thickness
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can be in the range of a few tens to a few hundreds of nanome-
ters, therefore, its relative low conductivity will not contribute
significantly to the overall ohmic loss of the bi-layer SDC/ScSZ
electrolyte for the SOFCs. For the fabrication of the bi-layer
SDC/ScSZ electrolyte on anode-supported SOFCs, wet ceramic
processes like screen printing and tape castings have been used.
These processes normally require processing temperatures over
1300 °C. At such high co-fired temperatures, doped ceria (i.e.,
SDC) reacts easily with stabilized zirconia (e.g., ScSZ, YSZ) to
form (Zr, Ce)O,-based solid solutions, which have a very low
ionic conductivity [8,9]. Ohmic loss due to the low-conductive
interfacial layer will result in poor performance of SOFCs [10].
In addition, highly conductive cubic phase ScSZ, stabilized at
high temperatures, will transfer to a less conductive [B-phase
when ScSZ is cooled down below 800 °C. To avoid those issues,
low temperature techniques (under 800 °C) such as pulsed laser
deposition (PLD) are attractive. PLD is an emerging physical
vapor deposition technique that offers better control over the film
properties, such as microstructures, chemical composition, den-
sity and interfacial properties. Grain size from a few nanometers
to a few hundred nanometers can be easily prepared by selecting
appropriate processing parameters. Recently, an enhancement
of ionic conduction was found in the nanocrystalline ScSZ,
whose specific grain boundary conductivity is 1-2 orders of
magnitude higher than that of the microcrystalline specimen
at 700-850°C [11]. PLD technique usually can operate at low
processing temperatures, which can suppress grain growth to
achieve nanocrystalline materials.

Lower temperature processes like PLD is particularly suitable
for the fabrication of miniaturized SOFCs based on multilayer
thin films. This method not only can deposit a dense electrolyte
thin layer, but also porous anode and cathode layers, therefore,
it possesses the potential for automation. In addition, this tech-
nique holds promise for improved quality control and integrated
testing to enhance the reliability, performance and durability of
the resulting product while dramatically reduces the costs.

The focus of this research is on the development of the
PLD process to fabricate SDC/ScSZ bi-layer electrolyte with
controlled microstructures, density and interfacial properties.
Si(100) wafers and NiO-SDC modified NiO-YSZ cermet discs
are used as the substrates in this study. The Si substrates were
used to develop the optimal PLD processing parameters for the
deposition of a dense and highly conductive bi-layer SDC/ScSZ
electrolyte. The bi-layer electrolyte was then deposited on
porous anode substrates under optimized processing conditions
and their structures and morphologies were characterized by

XRD and SEM. A unit cell that utilized the PLD prepared bi-
layer electrolyte and wet-processing prepared NiO-SDC anode
and Smy 5Srp.sCo0O3-SDC composite cathode was tested for its
electrochemical performances.

2. Experimental
2.1. Starting materials and cell substrates

Table 1 lists the starting materials used in this study. All the
materials for wet ceramic processing and PLD processing are
commercially obtained. Fig. 1 shows a schematic drawing of
the cell structure and its fabrication methods.

The cell substrate was the NiO-YSZ cermet consisting of
57 wt.% NiO and 43 wt.%YSZ, prepared by the tape casting
method. NiO-SDC modified layer, used as the anode, was
applied by screen-printing on the cell substrate. The compo-
sition of the NiO-SDC anode was 47 wt.% SDC and 53 wt.%
NiO. The Ni volume percent (41 vol.%) in the modified layer is
the same as that in the NiO-YSZ cermet substrate. The modified
cell substrate of 20 mm diameter (by punching) was fired at
1380 °C for 2 h. The heat-treated cell substrate has 17.5 mm in
diameter and 0.8 mm in thickness. The NiO-SDC anode layer is
approximately 15 wm thick with the average surface roughness
of approximately 0.66 wm measured by the WYKO 3D surface
profilometer (Veeco) instrument. The average density of the
cell substrate after the anode layer deposition is 5.16 gcm™3
measured by Archimedes’ method. It indicates 19.4% porosity
in the NiO-YSZ cermet substrate based on the cermet substrate
composition of 53wt.% NiO. The substrate porosity was
increased to approximately 37% after reducing NiO to Ni with
the hydrogen gas.

In-situ sintering

SSCo#3 Cathode,

800°Cx2h
(Printing) ( el
SDC Electrolyte, Bum Plused laser
‘ ScSZ electrolyte, Tum deposition

NiO-SDC Anode, 15um (screen printing)

Co-firing
(1380°Cx2h)

Fig. 1. A schematic drawing of the cell structure and its fabrication method.

Table 1

Chemical composition, properties, suppliers of starting materials

Name Composition Properties Supplier

SSCo Smyg 5Srg 5Co03 D50: 0.80 wm surface area: 5.16 m? g’l Praxair

SDC (SmOj 5)92(Ce02)0 8 D50: 0.40 pm surface area: 7.08 m? g’l Praxair

ScSZ (5¢01.5)0.20 (CeO2)0.01(ZrO2)0.79 D50: 0.46 pm surface area: 7.0 m?2 g’l Daiichi chemicals

YSZ (YO1.5)0.16(ZrO2)0.84 D50: 0.46 pm surface area: 7.0 m? g*1 Tosoh

NiO-f NiO type F D50: 1.0 wm surface area: 4.0m? g~ Novamet

NiO-s NiO-standard D50: 16.0 wm surface area:<1 m? g~! Novamet

Silicon wafer Si(100) (100) orientation, p-type, 10-30 Polishing Corporation of America
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2.2. Pulsed laser deposition of electrolytes

The bi-layer SDC/ScSZ electrolyte films were deposited by
ablating a 90 mm diameter rotating SDC target (SDC, 99.9%,
from Praxair) and a ScSZ target (prepared by slip casting and
sintering at 1500 °C for 5 h), subsequently, in an advanced depo-
sition chamber (PVD. Inc., PLD-3000) by means of a pulsed KrF
excimer laser (A =248 nm, Lambda Physik, LPX-210i), at a rep-
etition rate of 50 Hz. The laser beam was focused down to a spot
size of ~4 mm? on the target surface. The on-target laser beam
fluence was adjusted to about 3-5 J/em?. Silicon wafers [(10 0)
orientation, p-type, p=10-30 2 cm, from Polishing Corpora-
tion of America] and the NiO-SDC modified NiO-YSZ anode
substrates.

Before introducing a Si wafer into the deposition chamber, it
was cleaned by acetone, and isopropyl alcohol, and then etched
in 2.5% HF acid for 5 min to remove the native oxide. No further
cleaning was necessary for the NiO-SDC modified NiO-YSZ
substrates. After loading the substrate, the system was pumped
down to a base pressure below 2 x 10~/ Torr using a turbo-
molecular pump. The substrate was then heated, under vacuum,
using a programmable non-contact radioactive heater. The sub-
strate to be coated was facing the target, with a stand-off distance
of 12 cm. To achieve uniform deposition over the entire substrate
surface, the laser beam was rastered over the radius of the rotat-
ing target. Oxygen gas pressure was adjusted to be 0-5.32 Pa
(40 mTorr) during deposition. Detailed information about the
deposition processes has been given in our previous communi-
cation [12].

The film structure was examined by using an X-ray diffraction
equipment (XRD, Philips, X-Pert MRD) with monochromatized
Cu Ka in the 6p—26 thin film configuration, where 6y was fixed
at 0.5° for single layer films and 0.5-3° for bi-layer films. The

cross-sections of the laser deposited SDC/SCSZ bi-layer films
were investigated by Hitachi’s FE-SEM S-4500 using the new
super ExB filter technology. FE-SEM imagines were taken at
a magnification of 100,000 with a 5kV beam voltage. Based
on the deposition rates, the thickness of the bi-layer electrolyte
on cell substrates was approximately, 1 pm ScSZ plus 6-7 pm
SDC.

2.3. Cell characterization

The surface of the PLD deposited bi-layer electrolyte appears
shining and transparent. The electrolyte shows very low helium
gas cross leakage rate, 0.05 ml (min cm)~! at 13.8kPa (about
2 psi), indicating that the electrolyte layer was almost fully
dense. A SSC#3 cathode layer consisting of 75 wt.% SSCo and
25 wt.% SDC with surface area of 0.551 cm? was applied to the
centre of the bi-layer electrolyte by stencil printing, and dried
at 100 °C for 1 h. The thickness of the cathode layer is approxi-
mately, 40-50 pm after in situ sintering at 800 °C for 2 h.

Fig. 2 schematically shows the electrochemical testing set-up
for the button cell. A split-tube furnace (Thermcraft incorpo-
rated) was used to heat up the testing cell. The testing cell was
mounted at the end of an alumina tube and sealed with glass.
The temperature of the testing cell was controlled with a thermo
couple that was located nearby the cell at the anode side. A thin
layer of SSC#3 paste was applied to the Pt mesh at the cathode
side to create a good electrical contact between the cathode and
the current collector (Pt mesh) in the testing apparatus. A spring
with a constant loaded force, of approximately 1.0 kgt according
to the deformation of loading springs, was applied to the sur-
face of the cathode located inside the air supply alumina tube.
The cell was heated up to 800 °C at a ramp rate of 300°Ch~!,
and held at 800 °C for 2h for in situ sintering of the cathode
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Fig. 2. A schematic setup for testing the button cell.
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layer. The temperature was then decreased down to 700 °C for
the reduction of the anode and for the measurements of cell
electrochemical performance. Ambient air was introduced at a
flow rate of 100mlmin~! to the cathode side. Hydrogen gas
with the same flow rate was first passed through a bubbler-type
humidifier at room temperature. The humidified hydrogen gas
(corresponding to 3% H;O content) was then introduced to the
anode side during the cell test. Electrochemical measurements
were performed at the temperatures ranging from 700 to 450 °C.
Cell performance was measured with a Multi-channel Potentio-
stat/Galvanostat (Solartron 1480 8 channel multi-stat) with the
Corr-view software. The current-voltage-power (I-V-P) curves
were obtained using the linear sweep voltametry at a sweep rate
of 4mVs~! from OCV t0 0.3 V.

3. Results and discussions
3.1. On Si(100) substrate

PLD technique was used to deposit thin films of SDC and
ScSZ on Si(1 00) substrates at the substrate temperature range of
200-600 °C and reactive oxygen gas atmosphere of 1-40 mTorr.
By varying the deposition temperatures and oxygen gas pres-
sures, SDC and ScSZ films with various crystallite sizes, density
and interfacial properties were grown successfully. XRD results
indicate that both SDC and ScSZ films were crystallized to cubic
phases (PDF card # 75-0158 for SDC and card # 75-0158 for
ScSZ [13]) at relatively low deposition temperatures (~200 °C
for SDC and ~400 °C for ScSZ, respectively). The density of
the SDC films increases with the increase in the deposition tem-
perature while for ScSZ it decreases with the increase in the
deposition temperature. The densities of 200 and 400 °C SDC
films are only 63 and 70%, respectively, of the density of the
600 °C SDC films. In contrast, the 200 °C ScSZ film is denser
than that of the 400 and 600 °C ScSZ films. The densities of
400 and 600 °C film are 82 and 77%, respectively, of the density
of 200 °C film. The reasons for such a different behaviour of
the two materials are not clear since the physical phenomena of
laser-target interaction and film growth are quite complex. Film
growth and quality are dependent on a few fundamental param-
eters, namely the substrate temperature, the kinetic energy of
the deposition flux and the deposition rate. Substrate tempera-
ture affects the mobility of the deposited atoms on the surface,
and surface rearrangements are possible at higher temperatures,
while at low temperature they are inhibited. The rate at which
material impinges on the surface (e.g., the deposition rate) is
highly dependent on the material that is to be deposited. The
bandgap energy of ceria, which is ~3.2 eV [14], is smaller than
the photon energy of the KrF laser, which is ~5.0eV. Strong
absorption of laser energy by ceria creates electron-hole pairs
with considerable kinetic energy that couple with lattice vibra-
tions leads to fast ablation of ceria with a high deposition rate.
A high deposition rate and low substrate temperature will cause
film become more porous because of the reduced opportunity
for film relaxation and surface rearrangement; therefore, SDC
films deposit at low temperature are very porous. High sub-
strate temperatures increase the mobility of the deposited atoms.
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Fig. 3. XRD spectra of SDC/ScSZ bi-layer films deposited on silicon wafers at
(a) 200 °C, and (b) 600 °C in 40 mTorr O,.

Surface and bulk diffusion and re-crystallization occur, yield-
ing larger crystallites; therefore, more dense SDC films were
obtained at high substrate temperatures. In contrary to SDC,
Zirconium oxide (i.e., ScSZ) has the bandgap energy ~5.8eV
[15], which is higher than the photon energy of a KrF laser.
Relatively weak absorption of laser energy, primary through the
multiphoton absorption mechanism, by Zirconium oxide causes
a weak ablation and low deposition rate. Low deposition rate
allows ScSZ film relaxation to occur; therefore, a more dense and
small grains ScSZ film can be formed at low substrate tempera-
tures. As the substrate temperatures getting higher, the mobility
of the deposited ScSZ atoms increase that allow forming larger
grains, therefore, slightly decrease in film density of ScSZ at
high substrate temperatures.

Fig. 3 shows the XRD spectra of SDC/ScSZ bi-layer films
deposited on silicon wafers at 200 and 600 °C in 40 mTorr O,
process gas. The XRD spectra consist of diffraction peaks origi-
nating from both cubic SDC and ScSZ phases. Peak assignment
for the SDC top layer and the ScSZ underneath layer were also
shown in Fig. 3. No additional peaks due to (Zr, Ce)O;-based
solid solutions or B-phase ScSZ were found in the diffraction
pattern, which indicates that during the deposition process, no
chemical reaction occurred at the interface between SDC and
ScSZ. This means that PLD technique is an excellent technique
for growing both highly conductive cubic ScSZ and SDC phases
at very low processing temperatures. Laser deposition process
can indeed stabilize the ScSZ cubic phase at low temperatures
that prohibits the phase transition from more conductive cubic
phase to less conductive 3-phase which occurs during the cool-
ing step for most of the high temperature wet-ceramic processes.
SDC Ilayer shows strong (1 1 1) preferential orientation on the
top of the cubic phase ScSZ at both temperatures. The XRD
peaks for the bi-layer film deposited at 200 °C are quite broad
and not well-defined, indicating that the grain size of the low
temperature deposited bi-layer film is small and its crystallinity
is poor. As the deposition temperature increases, the full-width
at half maximum of the XRD peaks decreases indicating that the
grain size and crystallinity of films increases with the increase
in deposition temperatures.
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Fig. 4. FE-SEM graphs of ScSZ/SDC bi-layer films deposited silicon wafer at
a substrate temperature of (a) 200, and (b) 600 °C in 40 mTorr of O,.

Fig. 4 shows the cross-section FE-SEM graphs of ScSZ/SDC
bi-layer films deposited at a temperature of 200 and 600 °C in
5.32 Pa of oxygen. At 200 °C, both ScSZ and SDC layers con-
tains small grains. The SDC layer is very porous, while ScSZ
layer is relatively dense. At 600 °C, both ScSZ and SDC layers
contains columnar grains oriented perpendicularly to the sub-
strate and are very dense. The grain diameter for SDC layer is
about 60-70 nm while for the SzSZ film it is around 30-40 nm.
The surface of the 600 °C film is very smooth and does not show
any cracks and pin-hole. The FE-SEM results are consistent with
the previously described XRD results.

All the above results clearly indicate that by simply select-
ing the process parameters of the PLD technique, bi-layer
SDC/ScSZ films with various microstructures, density and inter-
facial properties can be deposited. It is obvious that a dense
and gas impermeable layer is required for the electrolyte layer
in SOFCs, therefore, appropriate process parameters should be
selected for producing a dense SDC/ScSZ bi-layer electrolyte
for SOFCs. When considering the application of the PLD tech-
nique for the deposition of anode and/or cathode layers in
SOFCs where very porous structures are desired, different pro-
cess parameters should be used to produce a microstructure
similar to that shown in Fig. 4(a). The added flexibility of the
PLD process indeed makes it a very promising technique for

the fabrication of all solid-state devices based on multilayer thin
films, such as miniaturized SOFCs.

3.2. On NiO-SDC modified NiO-YSZ substrates

PLD process was also used to deposit the ScSZ/SDC bi-layer
electrolyte on NiO-SDC modified NiO-YSZ anode substrates.
The anode substrates were prepared and characterized for its
surface roughness and helium gas permeability before the PLD
processing. The surface roughness of the cell substrates was
about 0.66 pm after the NiO-SDC modification. SEM micro-
graph in Fig. 5a shows that the unmodified face is quite rough and
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Fig. 5. SEM micrograph of surface view of (a) unmodified NiO-YSZ anode,
(b) NiO-SDC modified NiO-SDC and cross-sectional view of (c) NiO-SDC
modified NiO-SDC.
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Fig. 6. Current—voltage power curves of the bi-layer electrolyte cell at different operating temperatures.

uneven, roughness is about 1.5 wm. While the modified surface
consists of crack-free, smooth layer with small size and uniform
crystallites (Fig. 5b). The cross-sectional view in Fig. 5c clearly
shows that NiO-SDC modified layer consists of much smaller
grains (1-2 pm) compare to the NiO-YSZ layer (10-20 pm).

Thin SDC films of approximately 2 pm thick were initially
deposited on the anode substrates at the substrate temperatures
500-600 °C and oxygen pressure of 5-40 mTorr. The Low Angle
XRD results confirmed that SDC films on the anode substrates
were indeed single-phase fluorite type structure SDC. The 2 pm
SDC film coated anode substrates have decreased He perme-
ability up to five times. However, the cross-leak of the samples
is too high to conduct cell performance tests. FE-SEM exam-
ination of the SDC coated anode revealed the failure of 2 pm
SDC layer to cover the 1-2 pwm diameter pinholes, existed on
the anode surface. Much thicker SDC layer was needed in order
to achieve the required gas tightness, which will increase the
electrical resistance of the electrolyte layer significantly.

In order to effectively utilize the ScSZ/SDC bi-layer
electrolyte concept for reduced temperature SOFCs, the ScSZ
bottom layer should be as thin as possible and also be gas
impermeable. The ScSZ cannot directly be deposited on anode
substrates prepared in this manner since it requires a relatively
thick ScSZ layer to achieve the required gas tightness. There-
fore, an additional NiO-SDC layer of about 4 um thickness was
initially deposited by the PLD on the anode surface. This layer
reduces the gas leakage of the anode substrate significantly
and provides smoother surface for the deposition of the ScSZ
layer due to the nanostructural nature of the PLD films. After
the deposition of the additional NiO-SDC layer, ScSZ of
above 1 pm thick was deposited by the PLD at substrate
temperatures of 200-400°C and in 5-20mTorr of oxygen
pressure. Following the ScSZ layer, a relatively thick SDC
layer about 6—7 wm was deposited at substrate temperatures of
400-600 °C and in 5-20 mTorr. The surface and cross section

of the bi-layer electrolyte was examined by the FE-SEM. No
cracks or pin-holes were found in the SEM mirographs. The
obtained He leakage of this bi-layer electrolyte coated anode
substrates is less than 0.05 ml (mincm™—2) at 13.8 kPa He. The
above results clearly indicate that PLD technique is a most suit-
able method to deposit dense and gas impermeable layers not
only on smooth surfaces like silicon wafers but also on porous
ceramic substrates like NiO-SDC modified NiO-YSZ cermet.

A composite cathode was then applied onto the surface of the
bi-layer electrolyte by the stencil printing followed by drying and
in situ sintering. The unit cell thus, prepared was characterized
for its electrochemical performance. Fig. 6 shows the cell per-
formance with the SSC cathode in situ sintered at 800 °C for 2 h.
It can be seen that the cell shows very high performance in the
tested temperature range of 450—700 °C. The peak power density
reaches 1.6 W cm™2 at 700 °C, and approximately 0.5 W cm ™2
even at 550 °C. What is most significant is that the cell shows a
very high OCV value, 1.04 V, in comparison to the single 20 pm-
SDC electrolyte cell which only shows only 0.87 V at 600 °C
[9]. A high OCV value indicates that there is very low elec-
tronic conductivity and physical defects (cracks, pin-holes etc.)
in the ScSZ/SDC bi-layer electrolyte. High cell performance
also indicates the interfacial reaction between ScSZ and SDC
are successfully eliminated due to low deposition temperatures.

This is our first report on the performance of reduce tem-
perature SOFCs using the pulsed laser deposited bi-layer elec-
trolyte. In order to get a better understanding of the effect of
the microstructures, chemical composition and interfacial prop-
erties of the PLD electrolyte on the performance of the SOFCs,
more detailed studies are being pursued and the results will be
reported in our future communications. Besides, according to
our studies for the composite cathode [16], the cell performance
could be improved further by optimizing the cathode preparation
conditions. Our future work will also address the cell stability
and performance improvement.
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4. Conclusion

PLD technique has been used in this study to deposit the
SDC\ScSZ bi-layer electrolyte on Si(100) substrates and on
NiO-SDC modified NiO-YSZ cell substrates. By varying the
deposition process parameter conditions, SDC/ScSZ bi-layer
electrolyte films with various crystallite sizes, density and inter-
facial properties were successfully grown. The PLD technique
was able to deposit the highly conductive cubic phases for both
ScSZ and SDC layers. Interfacial reaction between the ScSz
and SDC layers that forms low conductive (Zr, Ce)O;-based
solid solutions were eliminated due to the low processing tem-
peratures of the PLD technique. A unit cell that uses the PLD
ScSZ/SDC bi-layer electrolyte cell shows very high perfor-
mance and high open circuit voltage (OCV). Comparing to other
wet ceramic processes, which require high processing tempera-
tures, PLD method is a very promising low temperature process
for the deposition of high quality thin electrolyte layer for the
low temperature SOFCs.
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