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Abstract
The paper studies the performance of the intermediate temperature solid oxide fuel cells with the sputter deposited La1-xSrxCoO3

(LSC) interlayer between the cathode and electrolyte. The sputter deposition of the LSC thin films is carried out in argon gas and
in a mixture of argon and oxygen gases and then are annealed at 600, 800 and 1000 °C in air for 2 h. The structure and
composition of the sputter deposited LSC films are investigated by the X-ray diffraction analysis, scanning and transmission
electron microscopies, and energy-dispersive X-ray spectroscopy. The polarization resistance of the sputter deposited LSC films
(600 nm thick) on the symmetric cells is 0.13, 0.45 and 2.48 Ohm·cm2 measured at 800, 700 and 600 °C, respectively.
Measurements are performed by electrochemical impedance spectroscopy. The maximum power density of the anode-
supported solid oxide fuel cells with the yttria-stabilized zirconia/gadolinia-doped ceria bilayer electrolyte, LSC interlayer, and
LSC cathode is 2.27, 1.58 and 0.68W/cm2 measured at 800, 700 and 600 °C, respectively. These values of the power density are
respectively 1.4, 1.6 and 2.3 times higher than that of the reference cell without the LSC interlayer.
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1 Introduction

Today, there is a growing interest in the development of solid
oxide fuel cells (SOFCs) as one of the most promising energy
sources. The development routes in the field include the ex-
ploration of multilayer thin-film SOFCs. Conventionally,
SOFCs operate at high temperatures (over 800 °C) to ensure
the sufficient oxygen ionic conductivity of electrolyte and the
catalytic activity of electrodes. The apparent advantage of
SOFCs with thin-film electrolytes is the ability to operate
within the intermediate temperature range from 600 to
800 °C [1, 2]. This ability decreases the degradation rate,

extends the choice of materials for SOFC components (inter-
connects and sealing materials) capable of withstanding mul-
tiple thermochemical and redox cycles. Another problem
arises at lower operating temperatures, which is associated
with lower rates of the electrode reaction and, as a conse-
quence, increased polarization loss in the cell. Chemical and
electrochemical losses on the cathode cause the cathode resis-
tance, which contributes much to the total resistance of the
anode-supported SOFCs [3]. The SOFC efficiency can be
enhanced through the application of the novel cathode mate-
rials providing the increased catalytic activity for the oxygen
reduction reaction or the improvement of cathode structure
made of traditional materials.

In most cases, the porous layers of composite materials are
used as SOFC electrodes. And the polarization loss can be
reduced by the expansion of the triple phase boundary due
to the optimized electrode composition and microstructure
[4]. Another approach to creating active electrodes is a search
for the appropriate materials with mixed ionic-electronic con-
ductivity (MIEC). In this case, there is no need to create a
composite in order to get a low polarization resistance. The
mixed ionic-electronic conducting materials with fast oxygen
diffusion and improved surface kinetics, such as perovskite
oxide La0.6Sr0.4CoO3-δ (lanthanum strontium cobaltite, LSC)
[5], increase the oxygen reduction reaction rate. The
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approaches utilizing a thin and dense MIEC interlayer that
forms on the cathode side in addition to the main porous
cathode layer, demonstrate good results.

In works [6–8], it was found that even dense MIEC cath-
odes could possess low polarization resistance. Yoon et al. [9]
u s e d p u l s e d l a s e r d e p o s i t i o n t o p r o d u c e a
(La0.5Sr0.5CoO3)0.5(Ce0.9Gd0.1O1.95)0.5 thin layer of the verti-
cally aligned nanocomposite structure at the cathode/
electrolyte interface, and significantly improved the SOFC
performance. The increase was identified for the contact area,
and the strong reduction in the activation overpotential was
observed at the cathode/electrolyte interface. As a result, the
maximum power density of the single fuel cell increased by 2
or 3 times at 550–700 °C. Hildenbrand et al. [10, 11] reported
that the dense La0.6Sr0.4Co0.2Fe0.8O3 cathode layer between
the electrolyte and porous cathode reduced the area specific
resistance by 30%. Using the pulsed laser deposition tech-
nique, they prepared layers 200–2000 nm thick and then test-
ed them on a cell with symmetrical electrodes. Molin et al.
[12] used the spray pyrolysis method to deposit thin
LaNi0.6Fe0.4O3-based cathode layers. Symmetric and fuel cell
testing demonstrated the improved electrochemical perfor-
mance of the cathode, as evidenced by the lower area specific
resistance and the higher power density.

Such techniques as a pulse laser deposition [9], atomic
layer deposition [13], sol-gel deposition [14], electrospraying
[15] are successfully used for the formation of the thin-film
cathodes based on mixed ionic-electronic conducting mate-
rials. One of the most promising is the magnetron sputtering
technique. It provides the formation of thin anode films with
nanoscale pores and grains [16, 17]. Multicomponent coatings
can be obtained by sputtering either one composite target or
several single-component targets simultaneously. The advan-
tages of this technique include the coating deposition onto a
large-area substrate and reproducibility of results [18]. The
main weakness of the sputter deposition process is the high
cost of equipment. Nevertheless, a recent cost analysis shows
that the high efficiency of sputter deposited SOFCs and the
high reproducibility of results can reduce the production costs
[19]. Sputter deposited fuel cells manifest a 50% increase in
their power density as compared to cells fabricated by con-
ventional techniques such as tape casting, screen printing and
firing. The increased power density reduces the number of
repeat units necessary for the production of the fuel cell stacks.
As a result, the cost of the latter decreases by 33%.

In this work, the sputter deposition is used to produce the
LSC interlayer between the yttria-stabilized zirconia (YSZ)/
gadolinia-doped ceria (GDC) bilayer electrolyte and the LSC
porous cathode contact layer. The LSC interlayer is used due
to its mixed ionic-electronic conductivity and high electrocat-
alytic activity towards the oxygen reduction reaction [20].

Ringuedé et al. [21] and Bieberle-Hüter et al. [22] reported
on radiofrequency (RF) magnetron sputter deposition of the

LSC films onto the YSZ pellets and examined the character-
istics obtained. They, however, focused only on the LSC film
conductivity and microstructure, while no less interesting was
the effect of sputter deposited LSC thin films on the SOFC
performance. Moreover, the RF sputtering systems
(13.56 MHz) were rather complex and difficult for scale ap-
plications. In our early research, we showed that such
industry-oriented technology as pulsedmid-frequencymagne-
tron sputtering could be used to synthesize the LSC films [23].
That was because the electronic conductivity of the LSC thin
film was sufficient for sputtering at medium frequencies (10–
250 kHz). It was shown that the LSC interlayer improved the
SOFC power density, and the optimum thickness (600 nm) of
this layer provided the higher power effect.

The aim of this work is to extensively analyze the influence
of the film deposition conditions on the phase composition of
the LSC interlayer generated by mid-frequency magnetron
sputtering, to study the interlayer effect on the polarization
resistance of the cathode and SOFC performance.

2 Experimental procedure

2.1 LSC magnetron sputtering

Thin films were fabricated by magnetron sputtering using
pulsed DC power for a 72-mm diameter and 3-mm thickness
La0.6Sr0.4CoO3 target (Nova Fabrica Ltd., Lithuania). Silicon
wafers, GDC disks (refer to Section 2.3), and anode-supported
half-cells with YSZ/GDC electrolyte (refer to Section 2.4)
were used as substrates. The base pressure in the evacuated
vacuum chamber was 0.01 Pa. Prior to the film deposition, the
substrate surface was subjected to the ion beam pre-cleaning.
The LSC films were deposited at room temperature, 200 W
discharge power, and 80 kHz pulsed DC frequency. The dis-
tance between the target and the substrate was 50 mm. Two
working atmospheres were used, namely: a pure argon atmo-
sphere at a 0.8 Pa pressure and 100 sccm flow rate, and an
argon-oxygen gas mixture at a 1.1 Pa pressure and flow rates
of 100 and 70 sccm for argon and oxygen, respectively.

It is known that in oxide cathode sputtering, oxygen can be
partially lost during the transport of sputtered atoms to the
substrate [24]. Thus, in order to obtain the film composition
close to stoichiometric, it is expedient to add oxygen to the
working atmosphere. In the pure argon atmosphere, the LSC
film deposition rate is 33 nm/min. When oxygen is added to
the chamber atmosphere, the film growth rate reduces to
19 nm/min.

Bieberle-Hüter et al. [22] also sputtered the LSC target in
the argon-oxygen gas mixture, however, due to a low dis-
charge power (25 W), the deposition rate was very low
(0.55 nm/min).
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2.2 Characterization

The phase composition of the LSC films was investigated on a
Shimadzu XRD-6000 Diffractometer using Cu Kα radiation
and grazing incidence X-ray diffraction. The operating param-
eters for the XRD-6000 included 0.03° scan step, 10–80°
range for angles to be scanned, 40 kV voltage and 30 mA
current. The analysis of the phase composition and crystallo-
graphic properties of the deposited films was performed using
the database of powder diffraction patterns of the International
Centre for Diffraction Data (ICDD), Denver, USA, the
PCPDFWIN program to view the powder diffraction files
(PDF-2), and the PowderCell 2.4 program.

The thickness and microstructure of the LSC films were
studied on a JSM-5910LV (JEOL, Japan) scanning electron
microscope (SEM). A Solver P47 atomic force microscope
(AFM) (NT-MDT Spectrum Instruments, Russia) was used
to analyze the surface morphology and the roughness of the
film deposited. Observations of the microstructure on thin
films were made on a JEM-2100 (JEOL, Japan) transmission
electron microscope (TEM) at a 200 keV accelerating voltage.
Bright-field and dark-field images and selected area electron
diffraction (SAED) images of the as-prepared specimens were
acquired. The coated silicon substrate was adhered to an ordi-
nary aluminum workpiece using epoxide resin. The ion slicer
EM-09100IS system (JEOL, Japan) was used to prepare the
thin films.

2.3 Polarization resistance measurements

Symmetric fuel cells with the GDC electrolyte were prepared
to measure the cathode polarization resistance. The commer-
cial powder Ce0.9Gd0.1O2-δ (Kceracell Co., Ltd., Korea) was
used to fabricate the electrolyte specimens. The GDC discs
with the diameter of 9 mm and 1 mm thickness were obtained
by the static pressing technique. The specimens were sintered
at 1600 °C for 10 h. After sintering, the density of the obtained
specimens was 6.6 g/cm3. The LSC electrodes 600 nm thick
were sputter-deposited onto both sides of specimens. The ac-
tive electrode area was 0.5 cm2. The electrode polarization
resistance was measured by installing the specimens in a mea-
suring cell, in which they were clamped between platinum
grids serving as current and potential probes. For the contact
homogeneity, the electrode surface was covered with the
La0.6Sr0.4CoO3 paste (CERA-FC Co., Korea) layer ~50 μm
thick. After an 800 °C annealing for 2 h, the polarization
resistance was measured in the temperature range of 600–
800 °C at a 50 °C interval. The temperature exposure at each
measuring interval was at least 1 h. The impedance spectra
were taken at open circuit potential in air using a Solartron Sl-
1260/1287 impedance meter and a two-electrode configura-
tion. The analysis was conducted at 15 mV input signal am-
plitude, within a 0.1–1 MHz frequency range.

2.4 Fuel cell preparation and testing

Single fuel cells with a diameter of 20 mmwere manufactured
to study their electrochemical properties. A fuel cell consisted
of the NiO/YSZ anode supports (Ningbo SOFCMAN Energy
Technology Co., Ltd., China) with the sputter deposited YSZ
(4 μm)/GDC (2 μm) bilayer electrolyte and a 1 × 1 cm2 LSC
interlayer 600 nm thick. The schematic configuration of the
single fuel cell is illustrated Fig. 1. In our early research [25],
we described in detail the fabrication process of the YSZ/GDC
bilayer electrolyte. A 1 × 1 cm2 LSC cathode contact layer
20 μm thick was formed on the LSC interlayer surface by
applying the La0.6Sr0.4CoO3 paste using screen printing.
This contact layer improved the contact between the LSC
interlayer and the Ag current collector mesh. The contact layer
was sintered in-situ, during a 1-h fuel cell exposure to 800 °C.

Electrochemical testing of the manufactured fuel cells was
carried out on a ProboStat™ system (NORECS, Norway).
The current-voltage and current-power characteristics of the
fuel cells were measured in the temperature range from 600 to
800 °C using a P150 4-electrode potentiostat (Elins Ltd.,
Russia). Ag and Ni mesh current collectors were used for
the cathode and anode, respectively. Dry hydrogen and air
were supplied to the anode and cathode chambers at 180 and
400 sccm feed rate, respectively.

3 Results and discussions

The phase composition of the LSC films is analyzed by the X-
ray diffraction (XRD) patterns after their deposition on the
anode-supported half-cells comprising YSZ/GDC electrolyte
followed by 600, 800 and 1000 °C annealing to achieve the
desired LSC crystal phases. The XRD patterns of 1-μm thick
LSC films deposited in argon and argon-oxygen gas mixture
are shown in Fig. 2, which also indicates the corresponding
compounds and crystallographic orientations. TheXRD peaks
corresponding to the underlying GDC layer are observed for
all the specimens. Dashed lines indicate the diffraction peaks
of rhombohedral La0.6Sr0.4CoO3-δ [26] and cubic
Ce0.9Gd0.1O2 (the ICDD PDF-2 database file number for this

Fig. 1 Schematic configuration of the single fuel cell
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phase is 04–012-3418) structures given for comparison. The
XRD pattern obtained for the film deposited in argon without
annealing has no LSC diffraction peaks. This may imply an
amorphous state of the film. The amorphous film state can be
explained by the low deposition temperature. During the
physical vapor deposition, the final atom arrangement in the
film depends on the vapor ionization degree, the ion kinetic
energy and the substrate temperature. The formation of the
amorphous film denotes a lack of thermal energy during the
physical vapor deposition, whereas this energy is required for
the atomic rearrangement into the lowest-energy configura-
tion. The LSC peaks, however, appear after 600 °C annealing,
and their intensity increases with annealing temperature. It
means that the thermal treatment does improve the film crys-
tallinity. Despite this fact, it is not easy to differentiate be-
tween the LSC and GDC peaks, because most of them overlap
each other. However, we observe several LSC peaks, for ex-
ample, (012) and (202), that do not coincide with the GDС
phase.

The XRD pattern shown in Fig. 2b for the LSC film as-
deposited in the Ar + O2 mixture, has a small peak at 2θ = 41°

and a pronounced peak at 2θ = 33°, which most likely belong
to the LSC crystalline phase. Moreover, for the films deposit-
ed in the Ar + O2 mixture with successive annealing, the LSC
peaks shift towards the higher diffraction angles, implying the
internal stress formation in the films. Thus, the oxygen addi-
tion to the working atmosphere affects the crystalline structure
of the LSC films. The microstructure and stresses in the
vacuum-deposited films are sensitive to the deposition condi-
tions. The shift of the LSC peaks towards higher diffraction
angles observed for the films deposited in the Ar + O2 mix-
ture, can be probably explained by the following factors. First
of all, when oxygen is added to the argon atmosphere, the
metal atoms sputtering from the target react with oxygen,
causing changes in the film growth kinetics. In the oxygen-
rich environment, the oxygen atom tends to occupy the inter-
stitial site, resulting in the compressive stress formation in the
films [27]. Secondly, the negative oxygen ion bombardment
of the growing films affects the filmmicrostructure. Tominaga
et al. [28] observe high-energy negative oxygen ions appeared
in the target erosion zone. The growing film bombardment by
high-energy oxygen ions (O−) accelerating at the cathode fall,
can vary the film properties and structure [29].

The diffraction peaks of an unknown phase are detected
after 1000 °C annealing for the film deposited in pure argon.

Fig. 2 XRD patterns of as-deposited LSC films and after 600, 800 and
1000 °C annealing in air: a –in Ar gas, b – in Ar + O2 mixture

Fig. 3 Cross-sectional SEM image of the magnetron sputtered LSC film
(a) and 3D AFM image of the LSC film surface (b)
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We therefore will carefully analyze only the films after the
successive 800 °C annealing.

SEM observations are used to characterize the microstruc-
ture of the LSC film and the cathode/electrolyte interface.
Figure 3(a) shows the cross-sectional SEM image of the
700-nm thick LSC film deposited in the argon-oxygen mix-
ture and annealed at 800 °C in air. The film demonstrates a
relatively dense nanocrystalline structure and good contact
with the GDC electrolyte layer. Figure 3(b) contains а 3D
AFM image of the LSC film surface with the average grain
size of about 220 nm. The root-mean-square roughness of a
3 × 3 μm area is 12 nm.

Figure 4(a) presents a typical cross-sectional bright-field
TEM image of the LSC film 1.7 μm thick deposited in the
Ar + O2mixture onto the silicon substrate. The film is exposed
to 800 °C annealing in air for 2 h. Black arrow indicates the

direction of the film growth. Its structure is nanocolumnar,
with embedded, relatively large (200–400 nm) crystallites.
This is shown in both the bright-field TEM and the scanning
transmission electron microscopy (STEM) images given in

Fig. 4 Cross-sectional bright-
field TEM image (a); SAED pat-
tern (b); STEM image (c) of the
LSC film deposited onto Si
substrate

Table 1 Chemical composition of LSC film determined by EDX
spectroscopy at points 1–3 indicated in Fig. 4(c)

Chemical composition (at.%)

O Co Sr La

Point 1 66.83 16.54 3.64 12.99

Point 2 65.75 16.90 3.91 13.44

Point 3 63.84 17.45 4.22 14.49
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Fig. 4(c). The SAED pattern presented in Fig. 4(b) indicates to
the LSC film crystallinity. The well-defined diffraction spots
of the LSC film can be distinguished by the regular spacing
expected for a rhombohedral lattice. The LSC film shows the
diffraction patterns resembling polycrystalline material with
only slightly preferred (020) orientation, which confirms the
XRD patterns in Fig. 2.

The energy dispersive X-ray analysis of the chemical com-
position carried out for points 1–3 indicated in Fig. 4c, shows
no significant deviations in the crystallites. As can be seen
from Table 1, the sputter deposition results in strontium-
deficient layers. The same is observed in the RF magnetron
sputtered LSC films obtained by Bieberle-Hütter and Tuller
[22]. At the nominal La0.5Sr0.5CoO3 target composition, the
composition of their films measured by Rutherford backscat-
tering spectroscopy, was La0.84Sr0.16Co0.67Ox. In our further
research, we intend to eliminate the strontium deficiency in
the film by increasing its content in the sputtered target.

The electrochemical impedance spectroscopy (EIS) tech-
nique was used to measure the polarization resistance of the
LSC films by the electrical response of symmetrical LSC
electrodes on the GDC electrolyte. EIS was conducted within
the air temperature range of 600–800 °C. The impedance
spectra were obtained at the open-circuit voltage. The cathode
area-specific resistance (ASR) was calculated as ASR = Rη·A/
2, where Rη is the polarization resistance at the cathode/
electrolyte interface, and A is the active area (1 cm2) [30].

Figure 5 shows the temperature dependencies of the cath-
ode polarization resistance Rη of the symmetrical cells with
and without the LSC interlayer. The polarization resistance of
0.13 and 2.48Ω cm2 is obtained at temperature of 800 °C and
600 °C, respectively. Since the contact layer also contributes
to the cathode polarization resistance, measurements are made
for the symmetrical cell without the LSC interlayer.
According to Fig. 5, the cathode polarization resistance is
much higher without the LSC interlayer. At the same time,
the lower the temperature, the greater the difference between
the polarization resistance of the symmetrical cells.

The investigation of the electrochemical performance of
the sputter deposited LSC interlayer included the cell fabrica-
tion and testing. For comparison, the reference cell without the
LSC interlayer was produced. Figure 6 contains the cross-
sectional SEM images of the cell prepared as described in
Section 2. These images were obtained after the cell testing.
According to Fig. 6, all the three layers (YSZ, GDC, and LSC)
deposited by magnetron sputtering in Ar + O2 mixture ad-
hered properly to each other and to the anode substrate they
were deposited on. No crack, lamination or other defects were
found even after electrochemical cell testing.

The performance of single cells with the LSC interlayer
sputtered in Ar and Ar + O2 mixture are compared with that
of the reference cell (without the LSC interlayer). As shown in
Fig. 7(a), the reference cell demonstrates the open-circuit volt-
age in the range of 1.06–1.11 V, depending on temperature
which is close to the theoretical value. This confirms the for-
mation of the fully dense electrolyte and gas permeability of
the cells achieved during their testing. The cells with the LSC
interlayer have a lower open-circuit voltage (1.04–1.07 V)

Fig. 5 Temperature dependencies of cathode polarization resistance of
symmetrical cell with LSC interlayer (closed symbols) and without it
(open symbols). Inset: photograph of the LSC interlayer on the GDC disc

Fig. 6 Cross-sectional SEM
images obtained after cell testing:
(a) NiO/YSZ anode support, YSZ
(4 μm) / GDC (2 μm) bilayer
electrolyte, LSC interlayer and
LSC cathode, (b) enlarged image
of the selected area in Fig. 6(a)

161J Electroceram  (2020) 45:156–163



despite the identity of the cell electrolyte. But these cells also
have lower activation losses, as shown in Fig. 7(b), (c) on the
current density-voltage curves at a low (<0.5 A/cm2) current
density. Since the anode of the compared cells is also identi-
cal, the activation loss decrease can be associated only with
the presence of the LSC interlayer.

Electrochemical testing indicates that in the whole tempera-
ture range, the power density of the fuel cells with the LSC
interlayer is higher than in the cell without it. This is consistent
with measurements of the cathode polarization resistance. For

example, the maximum power densities of 2.27, 1.58 and
0.68 W/cm2 are obtained for the cell with the LSC interlayer
deposited in argon at 800, 700 and 600 °C, respectively. These
values are 1.4, 1.6 and 2.3 times higher than that obtained for
the reference cell in the same temperature range. The maximum
power densities of 2.29, 1.45 and 0.51 W/cm2 are obtained the
cell with the LSC interlayer deposited in the Ar +O2 mixture at
800, 700 and 600 °C, respectively. The LSC layers deposited in
different atmospheres operate in approximately the same way.
This is consistent with the fact that their phase composition
slightly differs. The advantage of the cells with the LSC inter-
layer grows with decreasing operating temperature. The obtain-
ed values of the maximum power density exceed the values
reached in works [31] (0.54W/cm2 power density at 700 °C)
and [32] (0.412W/cm2 power density at 700 °C) for the anode-
supported SOFC made of the same materials having the cell
compositions of NiO–YSZ|YSZ|GDC|LSC70:GDC30 and
NiO–YSZ|YSZ|GDC|LSC, respectively.

The ASR of the reference cell measured in the linear part of
the current-voltage characteristic at 800 °C, equals 0.15 Ohm·
cm2, which is 1.5 times higher than 0.1 Ohm·cm2 ASR for
both cells with the LSC interlayer. This means a significant
decrease in the internal resistance, particularly, ohmic resis-
tance in cells with the LSC interlayer.

The thin and dense interlayer between the cathode and the
electrolyte of the SOFC made of mixed ionic-electronic
conducting materials, provides the following positive conse-
quences. Firstly, it serves as a mechanical-structural function
and enhances the interfacial adhesion between the porous
cathode and the electrolyte. Secondly, it decreases the me-
chanical degradation caused by the difference in the thermal
expansion coefficients of the electrolyte and cathode layers.
Thirdly, the LSC interlayer increases the number of oxygen-
ion pathways on the cathode/electrolyte interface. In cells
without the LSC interlayer, the oxygen ions penetrate into
electrolyte only in contact places, between the cathode gran-
ules and the electrolyte surface. Thus, the operation of cath-
odes with the thin and dense interlayer is more efficient due to
the formation of more contact points between the cathode and
electrolyte. If the interlayer is made of the cathode material,
the oxygen ions can penetrate into the entire electrolyte
surface.

4 Conclusion

This study demonstrated that the sputter deposited LSC thin
films used as the cathode interlayer for intermediate-
temperature solid oxide fuel cells, assisted in the successful
achievement of the high-power density. The LSC films were
smooth, dense and well adhesive. After 800 °C annealing,
their structure became polycrystalline and single-phase. The
single cells with the cathode interlayer demonstrated rather a

Fig. 7 Cell voltage and power density of anode-supported single cells at
different temperatures (600–800 °C): a –without interlayer, b –with LSC
interlayer deposited in Ar, c – with LSC interlayer deposited in Ar + O2

mixture
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high power density of ~2.3 and ~ 0.5–0.6 W∙cm2 at 800 and
600 °C, respectively. It was found that the power density was
enhanced by the better adhesion between the porous cathode
and electrolyte, the increase in the oxygen-ion pathways from
the cathode to electrolyte, which reduced losses caused by the
cathode polarization resistance. That approach, which utilized
conventional oxide materials such as YSZ, GDC and LSC and
the sputter deposition for the thin films, can be used to produce
SOFCs with the superior performance, large area, and high
productivity that are very important characteristics of the mag-
netron sputtering technique.
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