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Temperature Dependence and Gas-Sensing Response of
Conduction for Mixed Conducting SrFe,Co,0O, Thin Films

James J. Tunney,*” Michael L. Post,* Xiaomei Du, and Dongfang Yang

Institute for Chemical Process and Environmental Technology, National Research Council of Canada,
Ottawa, Ontario KIA OR6, Canada

A series of SrFe Co,O, thin films on sapphire substrates was prepared by laser deposition and the conductance responses to both
temperature and gas composition in O, /N, mixtures were examined. All films exhibited p-type semiconductor behavior with film
conductivities at 500°C between 20 and 200 S/cm for films exposed to 100% O, atm and 0.4-25 S/cm for films exposed to 0.2%
O,. At 500°C, thin films of compositions SrFe,Co; ,O,, 0.25 < y < 0.75, were found to be the most conductive for oxygen
partial pressures between 0.002 < Po, < 1.0 atm. SrFeO, and SrFe| ;Co,,0O, films were found to be the least conductive under
these conditions. SrFe,5Coq 750, and SrFe,sCo, 5O, films were found to exhibit regions where conductivity exhibited tempera-
ture independence between 200 < T < 500°C for oxygen concentrations between 0.2 and 100% O, . The temperature indepen-
dence was interpreted as the result of a balancing of two opposing thermal effects: thermal activation of charge carriers and
thermal-induced oxygen stoichiometry changes. For some films, enhanced oxygen sensitivity was observed over narrow Po,

regions, and is attributed to cubic perovskite to brownmillerite phase transitions. CO and H, gases could be detected in back-

ground air for conditions where there is negligible temperature dependence of conduction.
© 2002 The Electrochemical Society. [DOI: 10.1149/1.1470661] All rights reserved.
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Mixed conducting ceramic materials of the type SrFe,Co,O, are
characterized by their oxygen nonstoichiometry and their high elec-
tronic and ionic conductivities.!!> Consequently, they are suitable
candidate materials for applications such as oxygen separation mem-
branes, electrode materials for solid oxide fuel cells, and solid-state
chemical sensors. It has been reported that some SrFe,Co; _, O, ma-
terials have oxygen ion mobilities greater than yttria-stabilized zir-
conia (YSZ) below 800°C.'*” Recently, the high oxygen ion mo-
bility of the SrFe,Co;s_,0, (1.0 < y < 1.5) composition®!” has
been attributed to the perovskite-type SrFe,Co; _,0, phase.®

It has previously been shown that perovskite-based ceramic ma-
terials which exhibit p-type semiconductivity and mixed conductiv-
ity may be suitable candidates for temperature-independent gas
sensors. 32! The basis for this temperature independence is the bal-
ancing of two separate thermal effects. The first effect is related to
the thermal activation of charge carriers and is described in Eq. 1'%

o = oggexp(—EA/kT) [1]

An Arrhenius relationship exists between the conductivity of the
material (o) and the temperature (7) and is characterized by an
activation energy E,. For a p-type semiconductor, an increase in
temperature normally results in increased conductivity caused by an
increase in the number of hole electronic carriers in the conduction
band. This results from the thermal excitation of electrons from the
conduction band to a higher energy band. The second thermal effect
is related to the oxygen nonstoichiometric properties of some per-
ovskite materials. A temperature increase for a constant O, partial
pressure in the gas phase over the solid results in some degree of
oxygen evolution and an associated reduction of the material

1
0% = Vy + 2" + 0,1 [2]

Equation 2 describes the removal of an oxygen atom from an oxy-
gen site, O, yielding two electrons, a doubly charged oxygen va-
cancy, V', and O, gas. The electrons which are produced by the

evolution of oxygen combine with the dominant electronic hole car-
riers, decreasing the conductivity of the material.

* Electrochemical Society Active Member.
“ E-mail: jim.tunney@nrc.ca

Under certain circumstances it has been shown that it is possible
to balance these two opposing thermal effects so that the resistance
response of the semiconductor material is effectively temperature
independent. This has been examined with the goal of developing
temperature-independent gas sensors.'82! Williams ez al. examined
a series of ferrates including BaFe,_,Ta, O3, which showed negli-
gible conductivity dependence to temperature, between 600 and
800°C."82° More recently, Moos er al. demonstrated that acceptor-
and donor-doped SrTi,_,Fe O;_s materials could be tailored to
yield temperature-independent conductivity responses between 700
and 900°C.>! These materials were being investigated for applica-
tions as oxygen sensors for combustion exhaust control.

Thick-film perovskite materials were used for all these studies,
and the temperature-independent regions were above 500°C. Thin
films provide advantages related to the higher surface area-to-
volume ratio. Thinner films of gas sensors based on a bulk equili-
bration mechanism between the film and the gas mixture provide
faster response times. Previous work has shown that it is possible to
grow high-quality thin films of SrFeO, (2.5 = x < 3.0) using
pulsed laser deposition (PLD), which shows oxygen-sensing prop-
erties between 350 < T < 500°C.2*?

For some gas-sensing applications, it would be advantageous to
use transducer materials which exhibit a temperature-independent
resistance response at lower temperatures and still demonstrate ad-
equate gas sensitivity. In this study, SrFe,Co.O, materials grown as
thin films are shown to have reversible bulk oxygen equilibration
properties which may be exploited to achieve a conductivity re-
sponse for O,, CO, and H, sensing, which has a negligible tempera-
ture dependence.

Experimental

All SrFe,Co.O, materials were prepared as sintered pellets using
standard ceramic techniques.’*> High-purity (>99.99%) SrCOs;,
Fe, 05, and Co;0, materials were mixed in the required ratios, fol-
lowed by thermal treatments in flowing argon and/or oxygen at
1050-1100°C. These materials were then pressed into 12 mm diam
targets followed by sintering at 1000-1150°C under flowing oxygen.
The pellets were all verified to be single phase by X-ray diffraction
(XRD) before being used as targets for pulsed laser ablation depo-
sition (PLD). The X-ray spectra were indexed according to previ-
ously determined crystal structures. SrFe,Co,_,0, (y = 0.25, 0.5,
0.75, 0.9, 1.0) were indexed to the cubic perovskite structure, %28
SrCoO, to the hexagonal structure,”’  and StFe; (Coy 50, and
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Figure 1. X-ray spectra for 300 nm thin films of SrFe, sCo 5O, on sapphire:
(a) StFeO,; (b) SrFej¢Coq O, ; (c) SrFey75C0y250,; (d) SrFeysCoy 50, ;
(e) SrFe),5C00750,; (f) SrCoO,; (g) StFe;¢CopsO,; and (h)
SrFe, 3Co,,0, . Indexing is given for the cubic perovskite structure; (*) in-
dicates (201) SrCoO, hexagonal phase indexing.

SrFe, 3Co,,0, were both indexed to an orthorhombic phase, which
is an intergrowth of repeating layers of perovskite and rock-salt
layers.g’lz’30

Two series of SrFe,Co.O, thin films on (1102) single-crystal
sapphire substrates were prepared by laser deposition using a
Lambda-Physik LPX305i laser operating at A = 248 nm. These in-
cluded the solid solution perovskite series SrFe,Co;_,0; (y =0,
0.25, 0.5, 0.75, 0.9, 1.0) and the structurally related materials
SrFe; (Cogy 50, and SrFe; 3Co,,0, . For each composition, the films
were deposited at two separate thicknesses, approximately 30 and
300 nm. A laser pulse rate of 8 Hz was used with an energy density
at the target of 1.5 J cm™2. During the deposition step, the sapphire
substrate was heated at 700°C under a background gas of 13 Pa
oxygen, followed by cooling at approximately 10°C/min in a back-
ground oxygen pressure of 53 kPa.

X-ray spectra for both pellets and films were collected using a
Cu Ka Scintag XDS2000 diffractometer with a secondary beam
graphite monochromator over the range 20 < 2 6 < 80°. The
very intense peaks from the single-crystal sapphire substrate also
showed satellite peaks arising from W-L, and W-Lg X-rays origi-
nating from the W filament in the X-ray tube. The very weak peak at
20 = 43.24° (Fig. 1) is attributable to such a satellite peak. Film
thicknesses were estimated based on stylus profiler measurements
taken with a Dektak ITA instrument on masked 300 nm SrFe,Co.O,
thin films grown on sapphire. Elemental analysis for targets and
films were performed by inductively coupled plasma atomic emis-
sion spectroscopy (ICP-AES) using standard solutions to determine
the ratio of Sr, Fe, and Co elements. Scanning electron microscopy
(SEM) images were taken of the as-deposited films using a JEOL
JSM 5300 instrument.

Electrical conductivity measurements of the films were taken us-
ing a two-wire method in a controlled environment where the tem-
perature could be varied between 20 and 600°C and the composition
of the flowing gas changed as required. High-purity ([O,] + [N,]
> 99.99%) gas mixtures flowing at 220 cm*/min in a 1 L volume
chamber were used for all tests. Electrical contacts were achieved
by thermally depositing 200 nm Au pads directly onto the
SrFe,Co; O, films. Sheet resistances and conductivities of the
films were calculated from the resistance measurement and cor-
rected for the geometrical configuration of the Au electrode pads and

']
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Figure 2. SEM micrograph of an as-deposited 300 nm SrFe ;5C0 ,50, film.

the thickness of the film.>! Experimental details are provided
elsewhere. 2%

In order to determine the dynamic temperature dependences, the
resistances of the films were measured while cooling at a controlled
rate of 10°C/min from 500 to 100°C. Prior to this, the films were
equilibrated at 500°C for at least 3 h in one of two flowing O, /N,
gas mixtures: 0.2% O, or 100% O, . The composition of the flowing
gas mixture was invariant throughout the cooling cycle. For each
film, this procedure was repeated at least twice to ensure reproduc-
ibility. The conductivities of the films as a function of the O, /N, gas
mixtures were measured isothermally at 500°C. This was done by
measuring the film resistances as the O, /N, gas mixtures were var-
ied from oxygen-poor (~0.01% O,) to oxygen-rich (100% O,) con-
ditions in a stepwise manner, typically waiting 60 min before chang-
ing to the next O, /N, gas composition. The gas mixtures were then
changed in the reverse order from oxygen-rich to oxygen-poor in
order to verify reversibility.

Results and Discussion

Film composition and structure.—XRD analysis of the 300 nm
films deposited on sapphire showed the films to be crystalline and
textured (Fig. 1). No reflections for the 30 nm films were observed
except for the very strong sapphire reflections from the substrate due
to the small sample thickness of these films. The SrFe,Co,_,0,
(y = 0.5,0.75, 0.9, 1.0) films were all indexed to the cubic perov-
skite structure?® and were (110) textured. The SrFeg5C0q,50; film
showed an additional degree of (111) texturing. The SrCoO, film
(Fig. 1f) was indexed to the SrCoO, hexagonal structure and was
textured (201).%° It was not clear from the SrFey,5C0y750, film
(Fig. le) whether it adopted the cubic perovskite or the hexagonal
structure. Likewise, the SrFe; Co,sO, and SrFe;;Co,,0, films
could not be unambiguously assigned to the expected orthorhombic
phase, since the reflection at 20 ~ 32.7° could be indexed to either
the (110) reflection of the cubic perovskite structure or to the com-
posite (400) + (002) or (251) reflections of the orthorhombic
phase.” =

SEM analysis of all the 30 nm films showed the films to be
featureless and smooth at a length scale =0.1 wm. The 300 nm films
showed grain boundaries and/or scales at a length scale (/) of 1
< [ < 5 pm for SrFe,Co,_,0, (y = 0.25, 0.5, 0.75, 0.9, 1.0)
compositions. For example, micrographs of the 300 nm
SrFe( 75C0( 250, film clearly showed 1-3 pm cracks or scales (Fig.
2). The SrCoO,, SrFe, ;CoqsO,, and SrFe; ;Cog,0, films showed
no evidence of scaling but showed some roughness at a length scale
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Figure 3. Arrhenius plots for two 30 nm films in different O, /N, mixtures:
SrFe,5C0, 750, in (a) 100% and (c) 0.2% O, ; and SrFeO, in (b) 100% and
(d) 0.2% O,.

of 0.1 = [ = 0.3 wm. Elemental analysis of the films showed that
the Sr, Fe, and Co metallic elements occurred in the correct ratios to
within the 5% estimated error limits of the ICP-AES technique.
XRD, elemental, and SEM analyses confirmed that PLD is a suitable
technique for the stoichiometric transfer of material from the target
to the substrate for heterometallic oxides such as mixed conducting
SrFe,Co.0, ceramics.

Dependence of temperature on film conductivity.—The conduc-
tance response to temperature for two 30 nm thick films (SrFeO,
and SrFe,5C0y75) is shown in Fig. 3 as a set of Arrhenius plots. The
higher conductivity of both films in 100% O, compared to 0.2% O,
confirms that these materials are p-type semiconducting oxides.'® It
is also evident that the conductance response to temperature is much
smaller for SrFe,sCo, ;5 than for SrFeO,, especially in the tem-
perature range 200 < 7 < 500°C. An activation energy param-
eter, E, , related to this temperature dependence of film conductance
has been extracted from the Arrhenius plots of the entire
SrFe,Co; _,0, series of films. The results summarized in Table I
show the E, values which were calculated for two temperature
ranges. The 350 = T =< 500°C ‘‘nonstoichiometric” range was
chosen since at these temperatures, bulk oxygen equilibration of the
film is possible. Consequently, the balancing of the thermal activa-
tion of charge carriers effect with the “nonstoichiometric” effect can
occur (Eq. 1-2). By comparison, the 100 < T < 200°C “stoichio-
metric” range was chosen since the oxygen stoichiometry for the
films is expected to be quenched when the experimental cooling rate
of 10°C/min was used.

In general, a higher level of cobalt substitution results in smaller
temperature dependences, with the smallest E, values reported for
the SrFe(75Co(,50,, StFejsCo 50, , and SrFeg,5Co 750, films. It
is also noteworthy that the temperature dependences of the films
exposed to 0.2% O, are generally greater than those exposed to
100% O,. This effect of decreased temperature dependence with
oxygen content is consistent with other p-type perovskite materials
including SrFe0,?*>? and (Ba,Sr)Fe, _, Ta,0,. %%

A significant influence of film thickness on the temperature de-
pendence is also evident from Table I. In the nonstoichiometric re-

Table I. Activation energies of conduction, E, , for SrFe,Co,O,
films on sapphire in the “nonstoichiometric” (350-500°C) and
“stoichiometric” (200-100°C) temperature ranges. E, values
were derived from dynamic 10°C/min temperature cooling

ramps.
E,, eV E,, eV
(350-500°C) (100-200°C)
Thickness
Composition (nm)  100% O, 0.2% O, 100% O, 0.2% O,
SrFeO, 300 0.39 0.39 0.23 0.47
30 0.04 0.09 0.22 0.44
SrFeg 9Cop, 0 300 0.37 0.19 0.28 0.49
30 0.10 0.12 0.22 0.39
StFe)15C000s0, 300 020  —0.04 0.18 0.31
30 -0.02 0.01 0.13 0.29
StFey5Coy50, 300 0.13 0.10 0.12 0.26
30 -0.04  —0.003 0.2 0.26
StFe,5C0p50, 300 0.002  0.04 0.16 0.25
30 —0.04 0.12 0.08 0.31
SrCo0, 300 0.06 0.02 0.15 0.18
30 0.07  —0.005 0.7 0.17
StFe, 4C0y,0, 300 0.08 0.21 0.22 0.34
30 0.23 0.31 0.25 0.39
SrFe, ,Cop 50, 300 0.02 0.10 0.19 0.32
30 0.07 0.064  0.19 0.29

gion, 350 < T =< 500°C, reduced temperature dependence for
the thinner films is indicated by smaller E, values. Some of these
values are even negative, indicating that a decreased temperature
actually results in an increased conductance. This phenomenon has
previously been reported for other mixed oxide perovskites, albeit at
higher temperatures.'®?! Figure 4 illustrates how the film thickness
can influence the temperature-dependent conduction response. The
thinner 30 nm film has a smaller temperature dependence over a
larger temperature range. This may be the result of a higher surface
area-to-volume ratio for the thinner film, resulting in faster bulk
oxygen equilibration, or to an effect related to the degree of interfa-
cial stress between the substrate and the film.

All the E, values were extracted from the slopes of Arrhenius
plots (Eq. 1) for cooling ramps of 10°C/min under an invariant
composition of the O, /N, gas mixture. At some point during cool-

240
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Figure 4. Effects of film thickness on the conductance response with tem-
perature for two SrFesCosO, films: (A) 30 and (®) 300 nm. Cooling
ramps were carried out in 100% O, at 10°C/min.
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Figure 5. Dynamic temperature response of resistance for 30 nm films of
SrFe,5C0,.750, in 20% O, for (a) 350-325°C, (b) 275-250°C, and (c) 200-
175°C. Cooling ramps were conducted at 10°C/min.

ing, chemical equilibrium between the film and the surrounding gas
mixture cannot be maintained as the kinetics of O, exchange slows
down and quenching occurs. The temperature at which quenching
occurs is dependent on both film composition, thickness, and cool-
ing rate. Figure 5 shows the resistance response when a
SrFe(,5C0 750, film is first equilibrated in air at three different
temperatures between 200 and 350°C in air, cooled by 25°C at
10°C/min, followed by re-equilibration at the new temperature. At
higher temperatures (Fig. 5a) the system maintains equilibrium
throughout the 10°C/min cooling rate. Cooling results in an imme-
diate decrease in film resistance resulting from the dominant role of
the nonstoichiometric effect (Eq. 2). When the temperature is at an
intermediate range (Fig. 5b), the resistance of the film initially in-
creases with decreasing temperature, as would be expected on the
basis of thermally activated charge carriers. Once the final tempera-
ture is reached, the resistance no longer continues to increase but
instead decreases. This is due to the nonstoichiometric effect, where
the film continues to react with the oxygen from the surrounding gas
mixture, resulting in an increased number of hole charge carriers. At
this intermediate temperature range, bulk equilibration still occurs,
although too slow for equilibrium to be maintained during the cool-
ing step. At lower temperatures (Fig. 5¢), quenching occurs and the
oxygen stoichiometry of the film does not change. As a result, the
balancing of thermal effects cannot occur, and the material behaves
as a normal semiconductor, where decreasing temperature results in
increased resistance.

Oxygen-sensing properties of SrFe ,Co,O, thin films.—The ef-
fects on conductivity of varying the 0, /N, composition at T
= 500°C was examined for all of the SrFe,Co.O, films. Figure 6
shows a typical example where the composition of the O, /N, gas
mixture was changed stepwise from 0.2% O, to 100% O, and back
to 0.2% O, . At 500°C, the resistance response to variations in oxy-
gen composition is rapid and reversible. The response is faster when
the O, concentration is increasing compared to when the O, con-
centration is decreasing. The response time is determined in part by
the relatively slow mixing time for the 220 cm®/min gas mixtures in
the 1 L volume of the chamber. The results of the isothermal varia-
tion of O, /N, gas mixtures for the SrFe,Co,;_,0, set of films are
summarized in Fig. 7-10. The results for the SrFe,,Coy50, and
SrFe 3Co,,0, films are summarized in Fig. 11.

In all cases, exposure to increasing oxygen concentration levels
resulted in increased film conductivity, as would be expected for
p-type semiconducting oxides. Film conductivities at 500°C ranged
between 20 and 200 S/cm for films exposed to 100% O, atmosphere
and 0.4-25 S/cm for films exposed to 0.01% O,. The conductivity
of the films increased with increasing cobalt substitution of the

0.2%

0.2%

1,000 —

Sheet Resistance / (<2/ square)

100
Time

Figure 6. Resistance response to variations in O, /N, gas composition (%
0,) for a 300 nm SrFe, sCo, 5O, film at 500°C.

SrFeO, parent material up to a maximum value. This maximum
occurred within the range of composition SrFe,Co;_,0, (0.25
< y = 0.75) and was dependent on film thickness and the com-
position of the gas mixture. The SrFe; ;Coy 50O, and SrFe; ;Co,,0,
set of films also showed that cobalt substitution resulted in increased
conductivity. There were some subtle differences between the 30 nm
series (Fig. 7 and 9) and the 300 nm (Fig. 8 and 10) series of films,
including differences in the composition where maximum conduc-
tivities were observed. This is possibly an effect of the increased
role of interfacial stress between the film and the substrate, or is due
to the increasing contribution of the space-charge regions at the
interfaces for the thinner films.

The sensitivity of the film to oxygen with respect to its change
in conductivity may be represented as the slope of the
log{conductivity} vs. log{po,} plot. This slope corresponds to a pa-

rameter 1/N, where N is a constant determined by the dominant type
of bulk defect involved in the equilibrium between oxygen and the

25

2.0 — _/:,a"

log (conductivity / [S/cm])

/
@°% =1
0.0 T T T T I

-4.0 -3.0 2.0 -1.0 0.0
log ( p(0,) / atm. )

Figure 7. Conductivity of a SrFe,Co,_,O, series of 30 nm films at 500°C
for different O, /N, gas compositions. 1/N represents different slopes of the
log(a) vs. log po, relationship. (a, -O-) SrFeQ, ; (b, -A-) SrFeg75C00 250, ;
(c, -A-) SrFe(5Co, 50, ; (d, - <O -) SrFe(,5C0,750,; and (e, - 4 -) SrCoO, .
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Figure 8. Conductivity of a SrFe,Co; _,O, series of 300 nm films at 500°C
for different O, /N, gas compositions. 1/N represents different slopes of the
log(a) vs. log po, relationship. (a, -O-) StFeO, ; (b, -A-) SrFeg75C00 250, ;
(c, -A-) SrFe(5Co 5O, ; (d, - O -) SrFe(,5C0( 750, ; and (e, - 4 -) SrCoO, .

sensor.'® The oxygen sensitivity of the films ranged from 0.05
< I/N < 09 (Fig. 7, 8, and 11). For some films, including
SrFe, 5Coy 5O, and SrFe;,5Co(,50,, enhanced oxygen sensitivity
was observed over narrow Po, regions, as indicated by the increased
slope between two consecutive points in the log{conductivity} vs.
log{poz} plots. Alternately, this was also evident from anomalous
large spacings between consecutive isobars shown in Fig. 9 and 10.

Enhanced oxygen sensitivity of StFeO, 5., has been previously
attributed to phase transitions between the brownmillerite and cubic
perovskite phases.> At 500°C this phase transition is expected to
occur at 0.005 < (0,) < 0.05 atm.>>?” Liu et al.*® have also
identified a similar phase transition for SrFe,Co O, below 750°C
for 0.05 = Po, < 0.20 atm. The sensitivity of the films to oxygen
between 0.002 < Po, < 0.02 atm for the series of SrFe,Co,_,0,

films is shown in Fig. 12. For the 300 nm films, high oxygen sen-
sitivity is observed for both the SrFe)sCoysO, and
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Figure 9. The effects of cobalt substitution and O, /N, gas composition (%
0,) on conductivity for a series of 30 nm SrFe,Co, _,0, films at 500°C.
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Figure 10. The effects of cobalt substitution and O, /N, gas composition (%
0,) on conductivity for a series of 300 nm thick SrFe,Co,_,O, films at
500°C.

StFe 75C0( 50, , whereas it is only observed for SrFe, sCo, 5O, for
the 30 nm films. This demonstrates that film thickness influences to
some extent, the sensitivity of the film to oxygen.

Sensing reducing gases with SrFe,Co.0, thin films—It has
previously been shown that SrFeO, films may used to detect reduc-
ing gases in air by monitoring the change in film resistance with gas
exposure.34 This is also the case for SrFe,Co,O, thin films. Figure
13 shows the resistance response of a 30 nm SrFe,5Coy750x film
to exposure to H,, CO, and CH, in background air at 300°C. The
film shows good sensitivity to H,, moderate sensitivity to CO, and
negligible sensitivity to CH,. The operating temperature of 300°C
was selected for this film because in a background atmosphere of air,
this film exhibits very little temperature dependence for its resis-
tance response. The speed of response is relatively slow at 300°C.
The time required for 90% of the change of resistance to occur (#9()
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Figure 11. Conductivity of SrFe;s;_.Co,O, films at 500°C for different
0, /N, gas compositions and different thicknesses. 1/N represent different
slopes of the log(a) vs. log po, relationship: (a) SrFe; (CoysO, 30 nm; (b)
SrFe, ;Co 50, 300 nm; (c) SrFe, 3Co,,0, 30 nm; and (d) SrFe, 3Co,,0, 300
nm.
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Figure 12. Effects of cobalt substitution on oxygen sensitivity at 500°C for
the SrFe,Co, _,O, series of films at two thicknesses: (a) 30 and (b) 300 nm.
Sensitivities were calculated between 0.2 and 2% O, .

is typically between 10 and 15 min. The slow response time is a
consequence of its dependence on the bulk equilibration of the film
with oxygen and not only surface interactions. Nonetheless, it is
possible to use this film to detect reducing gases in air at a tempera-
ture not normally associated with gas sensors based on bulk equili-
bration, which normally operates above 500°C.'8 Moreover, at this
temperature, the film is operating in nearly a temperature-
independent region.

Conclusions

It has been demonstrated that thin films of SrFe,Co.O, grown by
PLD exhibit novel conductivity responses with respect to variation
in both temperature and gas composition. Due to the balancing of
thermal effects, it is possible to obtain a conduction response which
has a negligible temperature dependence between 200 =< T
=< 500°C. This effect was most pronounced for the perovskites with
compositions SrFe(,5Co,750, and SrFe;sCoys0,. Thinner films
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Figure 13. Resistance response at 300°C of a 30 nm SrFe;, 50Coq 50O, film to
(a) 1% CO; (b) 1000 ppm CO; (c) 1% H,; and (d) 1000 ppm CH, in
background air.

(30 nm) show a greater temperature independence than the thicker
(300 nm) films at temperature between 350 < T < 500 °C. All
the SrFe,Co,O, films showed reversible p-type gas sensor responses
at 500°C to variations in O, /N, gas mixtures. Regions of enhanced
oxygen sensitivity over narrow Po, ranges were attributed to phase
transitions between the cubic perovskite and brownmillerite phases.
Finally, it was shown that it is possible to use SrFe,Co,O, films to
detect H, and CO in background air while operating under condi-
tions where there is negligible temperature dependence.
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