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ABSTRACT 
 

Dense, thin films of La0.8Sr0.2CrO3 were prepared on fully stabilized yttria-
stabilized zirconia, sapphire, and polycrystalline substrates using 90° off 
axis magnetron sputtering from a stoichiometric LaF3/SrF2/Cr composite 
target in an Ar atmosphere. Dense, intimately mixed films of LaF3/SrF2/Cr 
were grown at both ambient sputter temperature and at 400°C with the 
films deposited at higher temperature exhibiting better adhesion to the 
substrate. Sputtering rates were typically in the range of 1500 to 2000Å/hr. 
Subsequent anneal at 800°C in a H2O/Ar atmosphere converted the films 
to single-phase La0.8Sr0.2CrO3. The room-temperature deposition of 
LaF3/SrF2/Cr composite, precursor film permitted the patterning of 
electrodes for high-temperature electrochemical HC/CO gas sensors that 
operate using a mixed potential response mechanism. Thin films grown on 
polycrystalline Al2O3 were used to obtain four-point electronic 
conductivity measurements.  

 
 

INTRODUCTION 
 

Lanthanum chromate is an important material for use as an interconnect in solid oxide 
fuel cells (SOFC). As the interconnect material, it must be stable in both oxidizing and 
reducing environments, be impermeable to gases, and it must possess sufficient electronic 
conductivity at operating fuel cell conditions. Other requirements of doped lanthanum 
chromate are that it be chemically and mechanically compatible and thermally stable with 
respect to the yttria-stabilized zirconia (YSZ) electrolyte and cathode and anode 
materials. LaCrO3 does not interact with YSZ, doped LaMnO3 and Ni/NiO/YSZ at 
normal operating temperature (1). The thermal expansion properties of LaCrO3 can be 
made to precisely match YSZ by chemically modifying the perovskite with Sr without 
affecting the stability and electronic conductivity of the material. Because of 
aforementioned requirements, Sr-doped lanthanum chromate has become the most 
common interconnect material for use in SOFC’s.  

The desirable properties mentioned above, taken together with intrinsic 
heterogeneous catalytic properties also make Sr-doped lanthanum chromate very 
attractive for use as a gas sensing electrode in high-temperature mixed potential 
electrochemical sensors based on YSZ. Mixed potential sensors based on oxygen ion 
conducting electrolytes have been extensively researched and reported for the detection 



of CO and hydrocarbons (2-11). The competing reactions of oxygen reduction ( and 
oxidation) and CO or hydrocarbon oxidation (and reduction) establish the mixed potential 
at the sensor electrode. The rate of these competing reactions is a strong function of 
electrode material (5). Additionally, the heterogeneous catalytic properties of the 
electrode material can be used to control sensitivity and selectivity. For example, 
La0.8Sr0.2CrO3 being a good CO oxidation catalyst will heterogeneously oxidize a CO 
molecule to CO2 before the CO molecule can participate in electrochemical reactions at 
the electrode/solid electrolyte interface (12). Although the use of La0.8Sr0.2CrO3 for 
Nernstian oxygen sensors (13) has been reported in the literature, the use of this material 
for mixed potential sensors has not (12, 14). The authors of this paper have developed a 
new mixed potential sensor that relies on La0.8Sr0.2CrO3 as the sense electrode to detect 
non-methane hydrocarbons only (15). To do this required single phase, patterned 
La0.8Sr0.2CrO3 thin films. 

An outcome of SOFC research, many methods for the synthesis of bulk powder 
La0.8Sr0.2CrO3 have been explored in addition to high-temperature solid state preparation 
and include the citrate process, glycine/nitrate, and co-precipitation (1). Unfortunately, 
like other chromium-containing oxides, La0.8Sr0.2CrO3 does not sinter and densify very 
well in an oxidizing environment (1,16). Consequently, the need to make gas-
impermeable membranes out of La0.8Sr0.2CrO3 has led to a variety of methods that 
include techniques such as laser ablation (17), electrochemical vapor deposition (18), 
plasma-spraying (1), spark plasma sintering (19), along with traditional tape casting 
(20,21). 

In this work, we will present a new technique that we used to grow dense, single 
phase thin films of La0.8Sr0.2CrO3 onto YSZ and Al2O3 substrates using off-axis, RF 
magnetron sputtering from a specially-prepared composite target of fluorides and 
chromium metal.  Post annealing in a humidified Ar environment produced single phase 
La0.8Sr0.2CrO3 thin films. While a similar fluoride technique has been used to make Y-Ba-
Cu-O super-conducting oxide thin films in the past using electron-beam physical vapor 
deposition (22), this technique does not appear to have been used for other oxide 
materials nor has it been performed using a sputtering technique. The most important 
advantage of the fluoride technique is that it enables the growth of La0.8Sr0.2CrO3 thin 
films at a low temperature such that simple lithographic or tape and lift-off techniques 
can be used to make working electrodes for mixed potential sensors.  
 
 

EXPERIMENTAL 
 

LaF3, SrF2 and chromium metal (average particle size < 10 µm) were obtained from 
Acros and Alfa Aesar respectively. A stoichiometric amount to yield a cation ratio of 
La:Sr:Cr = 0.8:0.2:1 was weighed and placed into a polypropylene ball mill container 
along with isopropyl alcohol and zirconia grinding media. The mixture was ball-milled 
for 6 hours. The slurry was collected and dried  at 35°C. The powder was then placed into 
a 2” diameter steel die and pressed at 400 pounds total pressure for 5 min. The pellet was 
removed from the die, placed onto an alumina support disk and placed in a high 
temperature tube furnace. The target was heated at 2°C/min to 1100°C, held for 500 min, 
and cooled to room temperature at 2°C/min in an atmosphere of dry Ar. The sintered 
target was removed and mounted in a 2” diameter copper RF magnetron sputter cup using 
Ag epoxy (SPI).  The completed sputter target was transferred to a RF magnetron sputter 
system.  



Aluminum oxide or CereFlex™ brand YSZ substrates were cut into 1 cm diameter 
round wafers and mounted to Ni faceplate of a standard boron nitride vacuum heater 
assembly. The substrates were typically held into place using an alumina mask or they 
were held directly against the faceplate using a stiff piece of wire.  The substrates could 
also be glued to the faceplate using a water-based Ag adhesive (Aremco).  A masked 
sapphire witness subsequently analyzed using a DEKTAK profilometer served as a 
thickness rate indicator. The sputter deposition was carried out at ambient sputter 
temperature (if sensor electrodes were patterned using a tape/lift-off process – Scotch 
brand Kapton industrial tape) or at 400°C (if electrodes were patterned using an alumina 
mask). The films were grown in a UHP Ar atmosphere at 40 µm pressure and at a power 
setting of 125W. 

The LaF3/SrF2/Cr films were removed from the sputter system and transferred to a 
tube furnace. A switching system was set-up to switch from neat Ar to humidified Ar 
(gas bubbled through water at 25°C) using a three-way valve.  The films were heated at 
10°C/min to 800°C in dry Ar. At 800°C the gas was switched to humidified Ar and the 
sample was annealed at 800°C for 15 minutes. The thin film sample was heated to 
1000°C in dry Ar and held for several hours to make sure the film was completely 
crystallized. 

The structure, morphology, and electrical conductivity of the La0.8Sr0.2CrO3 thin film 
was subsequently studied using XRD, SEM, XRF, and a four-point resistance 
measurement. 

 
 

RESULTS AND DISCUSSION 
 

The position of the substrate relative to the sputter gun/target had a large effect in 
terms of film growth rate and film composition. Several depositions were made before 
the film composition matched the target composition as determined using x-ray 
fluorescence spectroscopy. To maximize the deposition rate, on-axis sputtering was tried 
however on-axis sputtering lead to reactive sputtering that removed substrate material at a 
rate that was as high as several thousand angstroms per hour. A 90° off-axis position was 
subsequently used. Once the heater/substrate position was optimized, the typical 
deposition rate was between 1500 to 2000Å/hr. As expected, films which did not show 
the proper percentages of LaF3, SrF2, or Cr by weight (determined by XRF) showed 
second phases in the XRD analysis after processing.  

Figure 1 is the XRD traces of two as-deposited LaF3/SrF2/Cr films. The film in figure 
1a was grown with no power supplied to the heater.  The ambient substrate temperature 
reached 90°C. The film thickness was measured to be 4000Å. The film in figure 1b was 
grown at 400°C. The thickness of this film was comparable at 6400Å. Comparison of 
these two diffraction traces shows that LaF3/SrF2/Cr films grown at 400°C showed more 
crystallinity as evidenced by the higher integrated intensity of the diffraction peaks for La 
and Sr fluorides. No trace of Cr metal or reaction between Cr and the fluorides could be 
seen in the x-ray data. The film was transferred into the annealing furnace and the 
fluorides were decomposed in a Ar/H2O atmosphere at 800°C to form the La0.8Sr0.2CrO3 
perovskite phase. The atmosphere was subsequently switched back to Ar and the 
temperature raised to 1000°C for a 1 hr anneal. The exact duration of time at both 
temperatures did not appear to be crucial. The XRD trace of the reacted film is shown in 
figure 2. 



All fluoride/chromium films exhibited excellent adhesion regardless of the substrate 
temperature during sputter deposition. However, during the high-temperature annealing 
step, the films grown at ambient temperature sometimes flaked off following the anneal. 
This experience was more common for polished sapphire witnesses and less so for the 
rougher alumina or YSZ substrates. Nevertheless even the rougher substrates were 
susceptible. It was found that cleaning the substrates and air-firing at 1000°C 
immediately prior to sputter deposition eliminated this problem. 

Whole profile fitting of the XRD data produced a unit cell of a = 5.472Å and c = 
13.478Å with an average crystallite size of 22.3 nm. The particle size is small compared 
to the grain-size of the dense CeraFlex™ YSZ substrate (typically 136 nm). The surface 
morphology of the film was investigated using SEM. Figure 3 is an SEM micrograph of 
this film that was shown in figure 2. The film appears to be dense and there was no 
evidence of cracking in the film despite the volume change during reaction. Individual 
grains can be seen on the order of 1 µm. Higher magnifications of the surface reveal 
texturing of the size of approximately 50 nm which is quite consistent with the average 
crystallite size measurement obtained from x-ray diffraction. 

To measure the electronic conductivity of the La0.8Sr0.2CrO3 film, a thicker film was 
prepared on a rectangular polycrystalline aluminum oxide wafer. The film dimensions 
were 20 x 5 mm and a thickness of 7.25 µm. Alumina was chosen as the substrate 
because the electronic conductivity of a film of this thickness would be comparable to the 
ionic conductivity through the YSZ were it to be used. Four Pt pads were sputtered onto 
the La0.8Sr0.2CrO3 thin film such that a part of each Pt pad extended onto the alumina 
substrate.  See inset of figure 4 for an illustration. Pt wire (.002” dia.) was bonded to the 
section of the Pt pad on the alumina. A four-point conductivity measurement was 
performed in air between 550 and 900°C using a HP 3478A digital voltmeter with a 
direct, 4-wire resistance measurement capability. The conductivity curve is shown in 
figure 4. The measured conductivity for this film is an order of magnitude less than the 
reported conductivity for bulk 0.15 and 0.16 Sr-doped lanthanum chromate reported by 
Weber et al. (23) and Karim et al. (24) respectively. It must be stressed that a rigorous 
solution of the geometric factor for the thin film measurement conducted in this work was 
not performed and the conductivity results presented here represent only an 
approximation. Also, there does not appear to be electronic data published for the 0.20 Sr 
doping level. Nevertheless, the conductivity data measured in this work appear to be 
reasonable. 

In support of our sensor work, several sensor electrodes were patterned onto YSZ 
substrates using Kapton tape to mask the desired shape. Current was not applied to the 
heater assembly during the sputter deposition. The temperature of the substrate rose to a 
maximum temperature of 90°C during the extent of the sputter run. This was below the 
decomposition temperature of the tape. Upon completion of the sputter deposition, the 
film was recovered from the sputter system and the tape was removed.  Subsequent 
annealing of the film produced a thin film La0.8Sr0.2CrO3 electrode with the desired 
electrode pattern. The development of mixed potential sensors using fluoride-derived 
La0.8Sr0.2CrO3 electrodes will be the focus of future publications. 

Lastly, to determine whether decomposing fluorides and chromium metal would be a 
viable method to produce bulk La-Sr-Cr-O powders, a portion of the unused target 
powder was placed into a reaction boat and annealed in humidified Ar. Although the 
reaction temperature was kept at 800°C, and the duration increased to 12 hours, 
subsequent analysis using XRD showed the presence of very little La0.8Sr0.2CrO3. The 
majority of the phases present were oxides of chromium and lanthanum. 



 

CONCLUSIONS 
 

We developed a valuable technique to make high-quality, dense thin films of 
La0.8Sr0.2CrO3 of thickness in the micron range. The ability to sputter a precursor film at 
low temperatures permits the use of simple tape and lift-off processes or even 
lithographic techniques to pattern complex electrode shapes. Subsequent reaction of the 
precursor film in humidified Ar at high temperature leads to the formation of a dense 
La0.8Sr0.2CrO3 ceramic thin film with a high degree of reproducibility. This technique 
works very well for the fabrication of mixed potential gas sensor electrodes however its 
applicability for use in the fabrication of SOFC interconnects was not examined in this 
work. 
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Figure 1.  XRD traces of as-sputtered films on CeraFlex™ brand 8YSZ 
substrates. Deposition temperatures are (a) ambient T=90°C, and (b) 400°C. 
Substrate peaks (•) and film peaks (x) are indicated. 
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Figure 2. XRD trace of an annealed La0.8Sr0.2CrO3 film on CeraFlex™ brand 
8YSZ substrate. Substrate peaks (•) and film peaks (x) are indicated. 

 



 

 
Figure 3. SEM micrograph of an annealed, 6300Å-thick La0.8Sr0.2CrO3 film grown 
on 8Y Ceraflex™ brand YSZ. Magnification and marker bar size is indicated.  
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Figure 4. Four-point conductivity data of a 7.25 µm-thick La0.8Sr0.2CrO3 film grown 
on polycrystalline Al2O3 substrate. Reported conductivity data for La0.84Sr0.16CrO3 
(Karim) and La0.85Sr0.15CrO3 (Weber) is also shown for comparison. 
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