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1. INTRODUCTION 
has a unfilled tungsten 

bronze structure and is built Nb-0 octahedral linked 
their corners in such a way that three different 

of channels are formed the 
the second is 

Sr atoms, the third one is also 
Sr and Ba. The distribution of Sr 

and Ba atoms in the channels on the 
cornpc)Sltion of the which will be henceforth 
characterized the Sr fraction x of the 
thr,OUJJ;ho1Jt the article. The 
studied ferroelectric relaxor 
for applications due to its 
pyr·oel<ectric. and pie:wel:ectJ.·ic C<Oetl:icie:nts. 
the and structural ... ,.,.,,"'"·ti~c 

form. 
.n:a.t'\1 notJ' thin films have been pn~pared 

such as 
laser deposition and chemical solution deposition 

The c-axis orientation of the thin films has 
been already obtained at and MgO substrate 
[2-8]. In recent years, Sakamoto et al. has that 
the Er-doped thin films on 
substrate exhibits a c-axis preferred 
orientation and has a remanent polarization (P,) of 7.0 
mC/cm2 [9-1 0], although the effect of leakage current is 
included. However, the details of ferroelectric and 
structural properties of thin film have not 
been reported thus far. 

In this study, the c-axis oriented Sr1.xBaxNb20 6 thin 
films were on Lll{).osSr095Ti03 
substrates by pulsed laser (PLD). The 
lattice mismatch between and LSTO was 
estimated to be approximately 5.0 %. Furthermore, the 
electronic structure is also measured by 
emission spectroscopy and absorption 
spectroscopy (XAS). SXES and XAS reflect the 
electronic stmctures of valence band and conduction 
band, respectively. In this paper, we discuss about the 
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electronic structure 

and electronic 

The SBN ceramic target as follows: 
and were mixed at cation 

molar ratio of Sr:Ba:Nb = 0.5:0.5:2 a wet ball milL 
The mixture was into a disk shape at 1 OOkN and 
sintered for 4h at 1300°C. The disk was 
to 21.3mm diameter and 4mm thickness. The target 
was examined diffraction The 

of SBN ceramic target was aPJ)roxinmt<)h 
The PLD system was ""'.,.""''"''"'''" 

configuration with a 
compositional The base pressure was 
ordinarily and the substrate was inserted 
from a load lock chamber to maintain a low base 

A KrF excimer laser 248 
the ablation of the target The laser 

and repetition were 220 
respectively. The film thickness was fixed at 
approximately 400 nm. The top Pt electrodes with a 
diameter of 0.2mm were on the film surface 
through a metal shadow mask by rf 

--~.-~ ... :~, were characterized XRD 
mctmllOl<Cl21eS were observed 

The ferruel<:ctricitv 
was characterized ferroelectric 
measurement system RT-6000HVS. 

The electronic structure was characterized by SXES 
and which determine the electronic structure in the 
bulk state. The SXES and XAS were carried out in the 
revolver undulator beamline BL-19B at tbe Photon 
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Factory of the High-Energy Accelerator Organization, 
Tsukuba, Japan. Synchrotron radiation was 
monochromatized using a varied-line spacing plain 
grating whose average groove density was 1 000 
lines/mm. The SXES spectrum was measured using a 
soft-X-ray emission spectrometer. The XAS spectrum 
was measured using a Si photodiode. The energy 
resolutions of SXES and XAS were approximately 0.4 
eV and 0.1 eV, resepctively. 

3. RESULTS AND DISCUSSION 
Figure 1 shows the XRD patterns as a function of the 

substrate temperature (Tsut) for the Sr0.5B<l{)5Nb206 thin 
films. The oxygen gas pressure during the deposition 
was fixed at 7.5 mTorr. The (100) and (200) peaks of 
the LSTO substrates are observed at 29=22.8° and 46.7°, 
respectively. The Sr0.sB<lD.sNbz06 thin films prepared 
at Tsub=700 and 800°C do not exhibit the (001), (002) 
and (410) peaks. This originates the low crystallization 
and oxygen vacancies. The (001) and (002) peaks of 
the Sr05B<l{)5Nb20 6 thin films prepared at Tsub=750°C 
are observed at 29=22.2° and 46.0°, respectively. Thus, 
the SBN thin film prepared at 750°C exhibits a strong 
c-axis orientation. 

Figure 2 shows the AFM image of the highly c-axis 
oriented Sr05B<l{)5Nb20 6 thin film prepared at 
Tsub=750°C. The Sr05B<l{)5Nb20 6 thin film consisted of 
well-developed grains with a diameter of 200 nm. Its 
surface roughness was approximately 20 nm against a 
film thickness of 400 nm. The Sr05Bao5Nb206 thin 
film was epitaxially growth with a c-axis perpendicular 
to the LSTO substrate. 

Figure 3 shows the hysteresis loops as a function of 
Tsub for the SBN thin films. The as-deposited 
Sro 5B<l{)5Nb20 6 thin films did not exhibit ferroe!ectricity. 
Therefore, the as-deposited Sr05B<l{)5Nb20 6 thin films 
were annealed at 700~800°C in oxygen atmosphere for 1 
h in order to investigate the effect of postannealing. 
The Sro.5B<l{) 5Nb206 thin film deposited at Tsub=700°C 
do not also exhibit ferroelectricity due to poor 
crystallization, as shown in Fig. 2. The SBN thin film 
deposited at Tsub=800°C is uniquely shape, which 
contributes to the large leakage current (> 10-4 A/cm2). 
A good P-E hysteresis loop of the Sr05B<l{).5Nb20 6 thin 
film is observed at Tsub=775°C. Then, the Pr and 
coercive field (Ec) were 2Pr=32.1 j.!C/cm2 and 2£0=135 
kV!cm, respectively. The s was approximately 160. 
These values are superior to those of the Sr0.5B<l{).5Nb20 6 
thin films obtained by sol-gel and chemical solution 
deposition methods [6-11]. The good ferroelectricity 
of the highly c-axis oriented Sr05B<l{)5Nb20 6 thin film at 
Tsub=775°C contributes to the relatively small grain size 
and the smooth surface, as shown in Fig. 2. 

Figure 4 shows the 0 1s X-ray absorption (XAS) 
spectrum of Sr0.5B%5Nb20 6 thin film. From the dipole 
selection rule, it is understood that the 0 ls XAS 
spectrum of the 4d transition metal oxide corresponds to 
the transition from 0 Is to 0 2p character hybridized 
into the unoccupied metal 4d states. The broad band at 
around 535 e V is attributed to the Sr 4d and Ba 5d bands 
that are mixed with unoccupied 0 2p character. The 
peak at around 530 eV is the t2g-subband of the Nb 4d 
states: the eg·subband is considered to be obscured by 
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Fig. 1: XRD patterns as a function of Tsub in SrosBao.sNbz06 
thin films. 

Fig. 2: AFM image of SrosBav.sNbz06 thin film deposited at 
Tsub~75ooc. 
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Fig. 3: P-E hysteresis loops as a function of T,ub in 
SrosBao.sNbz06 thin films. 
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Fig. 4: 0 ls XAS spectrum of Sro.sBao.sNbz06 thin film. The 
numbers indicate the photon energies at which the 
resonant-SXES spectra were measured. 

the overlapping Sr 4d or Ba 5d band. The vertical bars, 
which are labeled from 1 to 5, indicate the selected 
photon energies from the resonant SXES measurements. 

Figure 5 shows the 0 ls resonant-SXES spectra of 
Sro5Bao.sNbz06 thin film. The clear selection rule of 
SXES is caused mainly within the same atomic species, 
because the core hole is strongly localized. For this 
reason, the 0 ls SXES spectra reflect the 0 2p PDOS. 
The obtained 0 2p PDOS corresponds to the band 
structure in the valence band region, since the valence 
band of SrosBao.5Nb20 6 is mainly composed of 0 2p. 
An arrow shown each spectrum indicates the elastic 
scattering of excitation photon. Two features denoted 
by A and B are observed at -525.5 eV and -522.7 eV, 
respectively. Except for the spectrum 1, the intensities 
of the features A and B increase slightly with increasing 
excitation photon energy since the numbers of electrons 
excited to the conduction band from the 0 ls core level 
increase with excitation photon energy, as shown in Fig. 
l (a). On the other hand, the intensity of the feature A 
of the spectrum 1 is stronger than those of other spectra. 
This indicates that the 0 ls ~ 2p resonance effect 
occurs at the t2g-absorption peak of Fig. 4. However, 
the 0 1s resonant-SXES spectra reflect the 0 2p 
fluorescence component in the valence band region 
because the existences of soft-X-ray Raman scattering 
and new structure with excitation photon, which is often 
useful observing in resonant-SXES spectra excited at 
transition metal sites, are not found in these spectra. 
Therefore, the hybridization effect between Nb 4d and 0 
2p states in the valence band region can discuss 
quantitatively from the SXES spectra. 

Figure 6 shows the Nb 4p and 0 ls SXES spectra in 
the valence band region of Sr05Bao.5Nb20 6 thin film. 
The intensity of each spectrum is normalized by the 
beam current and measurement time. The 0 1s SXES 
spectrum, which reflects the 0 2p-PDOS, exhibited the 
spectrum 2 corresponding to non-resonance in Fig. l (b) 
because the spectrum 1 corresponding to on-resonance 
does not reflect the true DOS. The Nb 4p SXES 
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Fig. 5: 0 ls SXES spectra of Sro.sBao5Nb20 6 thin film excited 
at various photon energies indicated in Fig. 4. Arrows show 
the energy positions of the excitation photon energies. 
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Fig. 6: Comparison of 0 ls and Nb 4p SXES spectra in the 
valence band region of Sro.sBao.sNbz06 thin film. The 0 ls 
SXES spectrum is spectrum 1 in Fig. 5. 

measured at hv=65 eV reflects the Nb 4d-PDOS in the 
valence band region. The contributions of Sr 4d and 
Ba 5d were not observed in the valence band region. 
Thus, the sum of 0 2p POOS and Nb 4d PDOS is total 
DOS in the valence band of Sr05Bao5Nb20 6 thin film. 

The Nb 4d-PDOS has broad distribution on the 
feature B side. The Nb 4d contribution is more 
significant in the higher binding energy (feature B), 
where the 0 2p states have a larger admixture of Nb 4d 
states. This shows that the indispensable magnitudes 
mix with the valence state. In other words, the valence 
states originating from the 0 2p states are hybridized 
with the Nb 4d states. From the distributions ofNb 4d 
and 0 2p-PDOS, we can estimate that the feature A 
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corresponds to the nonbonding state and the feature B 
corresponds to the bonding state that is well mixed with 
Nb 4d state. The hybridization effect between the Nb 
4d and 0 2p states in Nb oxide has not been reported 
thus far. However, similar hybridization effect has 
been observed in 4Jl metal transition oxides such as 
Zr02 and CaZr03 [12,13]. In perovskite-type oxide 
CaZr03, it was reported that the contribution of Zr 
4d-PDOS is more significant in the higher binding 
energy side in the valence band region, where the 
bonding 0 2p states have a larger admixture of Zr 4d 
states. The contribution of Zr 4d-PDOS has been 
reported to be approximately 25 % in the valence band 
[13]. For Sr0.5Bao5Nb20 6 thin film, the contribution of 
Nb 4d-PDOS, which is estimated from the rate of total 
DOS, was about 20 % in the valence band. 

4. CONCLUSION 
We prepared the highly c-axis oriented 

SrosBao.5~06 thin film on LSTO substrate by PLD 
method and studied its electronic structure using SXES 
and XAS. When the Po2 and Tsub were fixed at 7.5 
mTorr and 750°C, respectively, the Sr05Bao.5Nb20 6 thin 
film exhibited a highly c-axis oriented Sr05Bao5Nb20 6 

single phase. The c-axis oriented Sr05Bao5 Nb20 6 thin 
film consisted of well-developed grains and exhibited a 
good P-E hysteresis loop. Then, Pr and Ec were 
2Pr=32.1 ~-tCicm2 and 2Ec=l35 kV/cm, respectively. 
The 0 ls and Nb 4p SXES spectra exhibited the 0 2p 
PDOS and Nb 4d PDOS, respectively, in the valence 
band. The energy position of the 0 2p state overlaps 
with that of the Nb 4d state, indicating that the 0 2p 
state hybridizes with the Nb 4d state in the valence band. 
The contribution of the Nb 4d PDOS to the total DOS 
was estimated to be approximately 20% in the valence 
band. 
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