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We have studied the electronic structure of thedSg 4/eQs (NSFO) thin film with oxygen vacancies on 8k (0001)

substrate by soft-X-ray spectroscopy. The peRotoemission spectrum exhibits the mixed valence states’ofif@

Fe*. The electrical conductivity exhibits thermal activation-type behavior and increases with increasing film thickness.
The band gap of charge transfer type is in a good agreement with the activation energy estimated from the Arrhenius plot.
These results indicate the conducting carrier of the NSFO thin film is mainly electron, although the conductivity does not
depend on oxygen gas partial pressure.

1 Introduction The electronic structures were investigated by

Lap eSh.sFe0ss (LSFO) bulk ceramic is well known as photoemission spectroscopy (PES) and X-ray absorption
electron -ion mixed conductor, which is useful for spectroscopy (XAS) measurements at room temperature.
cathode electrode of solid oxide fuel cell (SOFC) These spectroscopic measurements were conducted at the
operating at intermediate temperature region. Theundulator beamline BL-2A MUSASHI of the Photon
cathode electrode with electron-ion mixed conduction isFactory, KEK. The XAS spectra were recorded in a total
effective for a high energy transform efficient of SOFC, electron yield mode. The PES spectra were acquired
since the electrode reaction is activated at the three phasésing VG-Scienta SES-2002 hemispherical analyzer. The
interfaces between the electrode surface, the interface ogesolutions of PES and XAS were set to be approximately
electrode and electrolyte, and electrolyte. However, thel0O and 60 meV, respectively.
prepared thin film exhibited was lower conductivity than
the bulk ceramics. Furthermore, the chemical stability3 Results and Discussion
has not been also proved thus far. Figure 1 shows the Fez» core-level PES spectrum of

In this study, we have prepared the k8l FeQs the NSFO thin film. The Fep3. core-level peak is
(NSFO) thin film by RF magnetron sputtering. If the composed of two structures originating from*Fand
NSFO thin film exhibits higher mixed conduction or high F€* states as shown in the dashed line obtained by
electron conduction activated by oxygen vacancies, thé€saussian fitting. The ratio between these mixed valence
thin film might be practical as cathode electrode of SOFCstate is F&:Fe**=2:3. The mixed valence states of Fe
with high chemical stability. In this paper, we discuss and F&" may contribute to the oxygen vacancies. On the
about the conducting carrier of NSFO thin film at other hand, the satellite peak is observed at ~8.0 eV from
intermediate temperature region in terms of the electricaFe 232> main peak. The satellite peak originates from the

conductivity and electronic structure. charge transfer between the @ Ralence band to the
unoccupied Fe @Bstate, indicating that the valence band
2 Experiment consists of the O2state hybridized with the Fel3tate.
The NSFO thin film was deposited on @} (0001) L B e o
substrates by RF magnetron sputtering using a ceramic O Experimental

target. The RF power of the ceramic target was fixed at
50 W. The flow rate of Ar gas, the deposition pressure,
and substrate temperature were kept at 0.67sccm, 80x10
Torr and 700°C, respectively. The film thickness was 42,
66 and 112 nm.

The crystalline quality of the NSFO thin films were
characterized by X-ray diffraction with CukK using
Rigaku Miniflex 600. The electrical conductivities were
characterized by the AC impedance method using a
frequency response analyzer (Solartron 1260) and
amplifier (Solartron 1296) in dry atmosphere (Asr/©
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to probe the conducting carrier, the conductivities were Fig. 1 Fe 2p2 PES spectra of the NSFO thin film.

measured by changing the oxygen gas partial pressure

(Po2). The measurement frequency region of electrical Figure 2(a) shows Arrhenius plots of the electrical

conductivity was from 32 MHz to 100 mHz. conductivity of the thin films with 42, 66 and 112 nm
thicknesses. Each thin film exhibits thermal activation-
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s f ] The energy separation between the top of the valence
‘%-2_— Onm band and the bottom of the conduction band refldws
B a-g- Ay N value of energy gafE(). TheEr locates at the bottom of
~3fF . conduction band. The estimatéq is ~0.5 eV, which
C ] corresponds to th&E of the electrical conductivity in Fig.
Ny R T B B I B 2(a), indicating the high electron conduction. e
-1.0 -08 -0.6 -04 -02 0 other hand, the LSFO thin film prepared by PLD method
log(P, ) (atm) has the high metallic conduction without ionic coation.

Fig. 2 (a) Arrhenius plots of the electrical coatility of the In fact, the LSFO thin film has ngy and exhibits the

thin films with 42 nm, 66 nm, and 112 nm thicknessgb) hole-induced state at arourik below thet,s: and ey

Electrical conductivity of the thin films with 42mand 112 nm subbands of Fed3state in the conduction band. However,

thicknesses as a functionf®. at 500C. such a state is not observed in the NSFO thin filfhis
may contribute to the change in band structure With

type behavior, which corresponds to the condugtiol  oxygen vacancies in NSFO thin film or replacing Al

semiconducting region. Each activation enedfy)(was  La of LSFO. Thus, we would stress that the NSFO thin

calculated from the slope of Arrhenius plot. TXedoes film has the electron conduction, which is actidaby a

not much depend on the film thickness, although thelot of oxygen vacancies.

electrical conductivity increases with increasihg film
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