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Abstract

La;—,Sr,CoOs_s belongs to the group of perovskite oxides of the AB&ructure, with a trivalent rare earth in the A position (La)
and a trivalent metal ion in the B position (Co). Doping with divalent Sr-ions at the trivalent La-positions creates oxygen vacancies which
give the oxide catalytic properties t8,. However, the conventional techniques which are used to prepare this oxide such as chemical
methods are not suitable for making a thin film. In this paper, a thin layer of ISx,CoOs_s (x = 0.5) perovskite oxide is deposited on a
Pt electrode by using the pulsed laser deposition (PLD) technique. The catalytic properties of this perovskite oxide to hydrogen peroxide
due to the presence of the oxygen vacancies will be discussed. The results show the possibility to use this perovskite oxide as a sensing
material for potentiometric hydrogen peroxide sensors.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction as a sensing material in oxyg€2], carbon monoxide, hy-
drocarbon[3], and nitrite oxide[4,5] sensors. The sensing
La;_Sr,CoOs_; belongs to the group of perovskite ox- principle of these sensors is mainly related to the catalytic
ides of the ABQ@ structure with a trivalent rare earth in the oxidation of the compounds to be analyzed in the presence
A position (La) and a trivalent metal ion in the B position of the oxygen vacancies.
(Co). The structure of the LaCa(erovskite oxide consists Due to the presence of oxygen vacancies, some perovskite
of CoOs octahedra and the B& ions, which are inserted  oxides have a high catalytic activity to oxygen reduction and
between the Cofoctahedra. When the trivalent $aions oxidation, and are also suitable for @B decomposition.
in LaCoQ; are replaced by divalent earth alkaline iond'Sr  The catalytic HO, decomposition of these perovskite ox-
to form La_,Sr,Co0s_s, a positive charge is generated. ides is not determined by the surface metal A, @nd B
Because the Cd ions can have a different oxidation state, concentrations nor by the transition metal surface rf#jo
the charge neutrality is maintained by the formation of oxy- Especially for La perovskite oxides, the catalytic®} de-
gen vacancies and a change in the valence state of the Co composition increases with increasing oxygen deficieficy,
ions. Therefore, the oxide has an oxygen deficiedcgue The higher the value of, the higher the catalytic properties
to the high oxygen vacancy concentration. of the perovskite oxides to hydrogen peroxide can be ob-
Because of the mixed conductive properties and a largetained due to the increase in the oxygen deficiency. A first hy-
variety in the oxide composition by choosing different A, drogen peroxide sensor has been demonstrated by Shimizu
A’, and B elements and oxide stoichiometyyhe perovskite et al.[7]. The response time of the sensor is quite low: about
oxides A A’,BO3_; have been used in many applications 20 min due to the very thick perovskite oxide sensing layer
such as magnetic sensors, super capacitors, solid oxide fuelhich was made by a chemical method. This problem can
cells (SOFC)[1-3], and oxidation catalysts. Besides these be solved by using physical deposition techniques such as
applications, the perovskite oxidesj AA;BOs_s (A = reactive evaporation, metal-organic chemical vapor depo-
La, A’ = Ca, Sr, B= Co, Fe, etc.) have also been used sition (MOCVD) [8], RF sputtering[9], and laser evapo-
ration. Among the existing deposition methods, the pulsed
laser deposition (PLD) shows a large rate of deposition and
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the perovskite oxidefl0]. Especially, the deposition tem-
perature in the pulsed laser evaporation method is normally

not higher than 700C. At this temperature, the perovskite :
deposition process is still compatible with the fabrication of Gate oxide :
the devices having Si based p—n juncti¢hig]. In this paper, S@uy p-si Drain

we show the possibility to obtain a thin ¢.8Sr5C00s_;
perovskite oxide film by using the PLD technique and its B Perovskite oxide gate (M) BN Insulation T Pt
sensing properties to hydrogen peroxide in relation with the

presence Of oxygen Vacancies in the oxide' Fig. 2. TheEMOSFET with a perovskite oxide gate.

The sensing properties of the d.g5r 5sCo0s3_; thin film
2. Experiments to hydrogen peroxide is characterized in a phosphate buffer
(pH 7.1) containing 0.1 M KCI. All chemicals used (Merk,

The Lay5S5C00s_5 thin film is deposited on platinum  Fluka) were of analytical reagent grade.
electrodes which were sputtered on @&/ SiO,/Si wafer
using the setup as shown kig. 1 During the deposition
process, a metallic shadow mask was placed on top of the3. Results and discussions
substrate to shield the platinum electrical contacts from un-
desired deposition of the baSrp5C00s_s. The deposition The sensing properties of $8SIH5C00z_5 to hydro-
process of LasSip5C00s_s is realized by a spatial uniform  gen peroxide is investigated by measuring the potential
248 nm excimer laser beam. The deposition time was variedof an LasSrpsCo0;_s electrode which contains the
from 5 to 7 min depending on the required thickness of the Lao.5Si5C00s5 thin film deposited on a platinum elec-
film. The thickness of the film was estimated to be about trode, while changing hydrogen peroxide concentration.
110 nm after 7 min of deposition. After deposition, the sam- The potential response has been measured with respect to a
ple was cooled down to room temperature in arfléw. The ~ saturated calomel electrode (SCE) and is showRign 3.
annealing in the oxygen environment is necessary to obtainThe La 5Sih5C00;—; thin film shows catalytic properties
a stable composition and to create the oxygen vacancies into hydrogen peroxide at a concentration of hydrogen perox-
the perovskite oxide film. Finally, the wafer was diced in ide higher than 1 mM. Although the bgSr5C00s-; layer
separated devices and encapsulated with FRsol only has a thickness of 110 nm, the response time of the elec-
The sensing properties of £.8Sr5Co0;_s to hydro- trode potential to hydrogen peroxide is still quite long, which
gen peroxide is investigated by studying the potential of an is estimated to be about 15 min due to a low exchange current
Lag 5Srh5C00s_s electrode. The investigation of the oxygen density between hydrogen peroxide ang §8rp5C00;-s.
vacancy concentration in baSro5C00s_s during its reac- The sensitivity of Lg 5S1p5C00z_s to hydrogen peroxide
tion with hydrogen peroxide is done by means of the cor- iS suggested to be caused by a change in the oxygen vacancy
responding work function measurement. For this purpose, aconcentration in LgsSro5C00;_; during its reaction with
thin layer of La 5S15C00s_s has been used as a gate mate- hydrogen peroxide according Ex. (1)
rial for anEMOSFET (se€Fig. 2). The working principle of
the FET and the setup for the work function measurements H202 + 2e™ + Vo <SH20 + O " 1)
have previously been reported|[it2].
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Fig. 3. Potential of the LgsSrp5C00;_5 electrode as a function of the

Fig. 1. Pulsed laser deposition system. hydrogen peroxide concentration.
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whereVy and Q * are the oxygen vacancy and the bound H,0, (mM)

lattice oxygen, respectively. The reaction constaqt, of
reaction 1 depends on the catalytic properties of the per-Fig. 6. Threshold voltage of the FET having als®fsCo0s_s gate as a
ovskite oxide, which is strongly influenced by the strontium function of O, concentration at different values of the applied positive
doping level in the perovskite oxide. currents.
It has been analyzed i13] that the electrode potential,
E, is established by two termgy; andgp, (Fig. 4. The first  of the FET. In addition, due to the low exchange current
term, ¢,§,,, can generally be called the interfacial potential. density between hydrogen peroxide ang % 5Co0s_s,
The second termg}Y,, is the contact potential determined a small external DC current is used to accelerate the hy-
by the difference in the work function in the sensing ma- drogen peroxide decomposition, and therefore, to force the
terial, which is L@ 5Sr5C00;-5 in this case and the plat-  reaction between hydrogen peroxide and 43 5Co0s_s.
inum. During the reaction between d£55C0o0;—s and  Consequently, the reaction constant of reaction 1 will be
hydrogen peroxide, variation of this contact potential gives changed depending on the applied external current.
a contribution to a change in the standard potential of the  Firstly, the threshold voltage of tHeMOSFET having a
electrode, and thus results in a change in the electrode po4 a,5Sr5C00;_s gate has been measured as a function of
tential,E. As seen irFig. 5 the electrode potential response  the hydrogen peroxide concentration when positive currents
depends on the logarithm of the hydrogen peroxide concen-are appliedFig. 6 shows that the threshold voltagéy, of
tration with a slope of 130 mV/dec, which is higher than the the FET rises when the 40, concentration increases. This
Nernstian value. The super-Nernstian dependence is sugdependence is a function of the value of the applied posi-
gested to be caused by the variation of the oxygen vacancytive currents. When the current is applied, in fact, the cur-
concentration in the perovskite oxide during the reaction rent influences the input electrochemical reaction between
with hydrogen peroxide and is investigated by means of the | ay 5Sr 5Co0;_s and hydrogen peroxide that results in a
work function measurement using tAMIOSFET. high overpotential while the chemical reaction between the
Using the EMOSFET based structure, which has a oxide and hydrogen peroxide stays the same. The reduction
Lap S sC00;-5 gate, the change in the work function of  of H,0, can easier occur when a higher positive current is
Lao5Sr.5C003-5 due to the presence of hydrogen peroxide applied. However, the detection limit of the threshold volt-
can be measured as a change in the threshold volage,  age has only been shifted slightly to a higher value when the
value of the applied positive current rises. It can also be seen
in the same figure that the sensitivity of the sensor based

100 : T " " on Lay5Srps5Co0s_s to HoO2 increases depending on the
ol increase in the applied positive current. The sensitive range
becomes wider when the applied positive current rises.
ot 1 A similar measurement has also been done with a negative
S current.Fig. 7 shows the hydrogen peroxide dependence of
S -50 ¢ 1 the threshold voltage of the FET when a negative current of
100 F 25 and 50 nA is applied. At the negative applied current, the
threshold voltage decreases to a lower value when g H
-150 | ] concentration in solution increases.
200 . . . . The detection limit of the sensor is shifted to a higher
001 0.1 1 10 100 1000 value when the value of the applied negative current in-

creases. The obtained result is different from the case when
the positive current is applied in which case the detection

Fig. 5. Potential of the LgsSisCo0s_s electrode as a function of the  limit is only slightly shifted. The sensitive range of the sen-
hydrogen peroxide concentration. sor when the negative current is applied is narrower than in

H,0, (mM)
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Fig. 7. Threshold voltage as a function of® concentration at different
applied currents.

the case of applying the positive current. This can be ex-
plained by the different nature of the sensing reaction: re-
duction of hydrogen peroxide to water £ 0) or oxidation

of hydrogen peroxide to oxygen & 0).

4, Conclusions

This paper has shown the procedure for deposition of
Lag5Sr.5C00s_s thin film by using the pulsed laser tech-
nigue that is an advantage for sensing applications. The
sensing property of LgsSrps5Co0;_s to hydrogen perox-

ide has been studied by investigating the electrode potential

response as well as monitoring the work function during
its reaction with hydrogen peroxide. Experimental results
show that the work function of the oxide, which is in re-
lation with the oxygen vacancy concentration in the oxide
is changed depending on the hydrogen peroxide concentra
tion. This material can be used to detect hydrogen peroxide
at milli-molar level.
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