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Pyrochlore-type ferroelectric La,Ti,O thin films were prepared on SrTiOs (100) substrate by metalorganic
deposition. The high-quality La,Ti,O; thin film was obtained using pre-crystallization, which keeps at
660°C for 5 min before final crystallization from 700 to 1100°C. The La,Ti,O7 thin film crystallized at
900°C consisted of small surface roughness of 3 nm and small grain size with a diameter of 100 nm against
the film thickness of 400 nm. The valence band measured by soft-X-ray emission spectroscopy, which
reflects the electronic structure in the bulk state, accords with band calculation of La,Ti,O;. The
resistivity was approximately 10° Q. These findings are considered to be due to the activation of nuclear
creation for growth of thin film with pre-crystallization.
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1. INTRODUCTION

La,Ti,0,, which belongs to the point group of P2; at
room temperature, is ferroelectric oxide with a
monoclinic structure [1-4]. The lattice constants of a-,
b- and c-axes are 13.01 A, 555 A and 7.81 A,
respectively. The La,Ti,07 crystal has the spontaneous
polarization of 5 uClem® and dielectric constant of 50.
With further research, applications of LayTi,0; as
catalysts, high temperature transducers, and hosts of
fluorescence centers have been reported [5,6].
Furthermore, it also shows a low dielectric loss at
microwave frequencies. However, La,Ti,O; has a high
melting point, which leads to the difficulty in the single
crystal growth [7-10].

In recent years, Li et al. and co-workers have
prepared the La,Ti,O; thin film on Pt/Ti/Si0./Si
substrate by chemical solution deposition [11]. They
used low electric field for annealing of the thin film.
This applied low electric field annealing was significant
influence on the structure and surface morphologies.
Furthermore, the applied low electric field decreases
crystallization temperature by 50~100°C. However,
the thin film exhibited a random orientation and
consisted of large grain with diameter of 300 nm against
the film thickness of 400 nm. Therefore, it is necessary
to probe a new process for crystallization of La;Ti,0
thin film.

In this study, the La;Ti,O7 thin films have prepared
on SrTiO; (100) substrates by metalorganic deposition
{MOD) and characterized their structural properties. In
order to obtain high quality thin film, a
pre-crystallization process was added in normal MOD
process. The thin film was prepared using pre-
crystallization, which keeps at 660°C before final
crystallization. In this paper, we report that the
pre-crystallization is effective for crystallization of
high-quality La;Ti,0; thin film with small grain and
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.used SrTiO; (100) single crystal.

very smooth surface.

2. EXPERIMENTAL

The precursor materials used to prepare the MOD
solution were lanthanum nitrate hydrate La(NO3);-6H,0
and n-tetrabutyl titanate (C;Hs0),Ti. La(NO;);-6H,O
dissolved into 2-methexythnol and acetic acid. The
desired amount of (CHs0),Ti was added into the
solution with continuous stitring until the homogeneous
solution was formed. Finally, the 0.2 mol/l stock
solution with viscosity. of 6 cps was obtained. Slight
amount of acetyl acetone was used to stabilize the
precursor solution as the chelated agent. The substrate
The thin films were
spin-coated with the mixed solutions at 3000 rpm for 50
s. The spin-coated films were dried at 250°C for 5 min
and crystallized at 400°C for 10 min. Then, the
La,Ti,O7 thin films were sintered at the temperature
region of 600 and 1100°C for 10 min in a tube furnace
in O, for crystallization.

The decomposition characteristics of the precursor
were investigated by the thermogravimetric and
differential thermo analysis (TG-DTA). The structural
properties of the La,TiO thin films were characterized
by XRD. Surface morphology was observed by AFM.
Electrical structure was measured using impedance
analyzer. SXES was carried out at the revolver
undulator beamline BL-19B at the Photon Factory (PF)
of the High Energy Accelerator Organization (KEK), in
Tsukuba, Japan. High brightness and high resolution
were realized using a varied-line-spacing plane grating
monochromator. The SXES spectra were measured by
a soft-X-ray emission spectrometer [12-13].  The
spectrometer used the Rowland circle geometry that
consisted of a grating with
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Fig. 1: TG-DTA curves of La,Ti;0; MOD solution heated with
aramp rate 10°C/min in air.

a groove density of 300 lines/mm and a Cs-coated
multichannel detector. The total resolution of the
SXES spectrometer was approximately 0.4 eV at
hv=450 eV. The incidence angle of the soft-X-ray was
set at approximately 75° against to the surface in order
to avoid the surface effect.

3. RESULTS AND DISCUSIONS

Figure 1 shows the TG-DTA curves of the La,Ti,0;
MOD solution heated from room temperature to 1200°C
with a ramp rate of 10°C/min. It can be seen that the
dramatic weight loss below 400°C is due to the severe
decomposition and burning of lanthanum nitrate and
organic components, which conforms to several large
exothermic peaks, especially the sharp one at around
380°C.  Between 450°C and 800°C, the weight
basically keeps constant.

Figure 2 shows the XRD patterns as a function of
crystallization temperature in La,Ti,0; thin film of
direct crystallization, which pre-crystallization was not
carried out. Two peaks at 22.5 © and 47 ° are (100) and
(200}, respectively, of StTiO; substrate.  The La,Ti,0y
thin film is not crystallized at 600°C. Above the
crystallization temperature of 700°C, the
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Fig. 2: XRD patterns as a function of crystallization

temperature in La,TiO; thin films prepared by direct
crystallization.
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Fig. 3: XRD patterns as a function of crystallization
temperature in pre-crystallized La;Ti,0; thin films.

Fig. 4: AFM images as a function of crystallization temperature
in pre-crystallized La,TH0; thin films.

LayTi,05 thin films exhibit (210), (400) and (420) peaks.
These intensities increase with increasing the
crystallization temperature.

Figure 3 shows the XRD patterns as a function of
crystallization temperature in pre-crystallized La,Ti;,O
thin film. The pre-crystallization was carried out at
660°C for 5 min in O, atmosphere. After the pre-
crystallization, the La,Ti,0; thin film was crystallized at
the temperature from 700 to 1100°C. The thin film
prepared at 700°C is not crystallized. Above the
crystallization temperature of 800°C, the thin films
exhibit the existences of (210) and (420) peaks. These
intensities increase with increasing crystallization
temperature. Furthermore, the peak width of
pre-crystallized thin film is narrower than that of direct
crystallized thin film shown in Fig. 2. This may
indicate that the crystallization of La,Ti,O; thin film is
improved by pre-crystallization.

Figure 4 shows the AFM images as a function of
crystallization temperature in La,Ti,0- thin film of Fig,
3.  The thin film prepared at 800°C is a poor
crystallization. Above 800°C, the thin films consist of
grain with diameter of 100~150 nm, although the grain
size depends on the crystallization temperature.
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Fig. 5: (a) Grain size and (b) surface roughness as functions of
crystallization temperature in pre-crystallized La,Ti,O; thin
films. Solid (closed square) and dashed (closed circle) lines
are pre-crystallization and direct crystallization, respectively.

Figure 5(a) shows the grain size as a function of
crystallization temperature in pre-crystallized La,Ti,O
thin film. As a reference, the grain size of direct
crystallized La,Ti,O; thin film is also shown.
Although the grain sizes of both crystallized La,Ti,O
thin films increase with increasing crystallization
temperature, the grain size of pre-crystallized La,Ti,0;
at 900°C is relatively small. This result is clear from
Fig. 4. On the other hand, the R, as a function of
crystallization temperature in pre-crystallized La,Ti,0
thin film is shown in Fig. 5(b). The R, of pre-
crystallized La,Ti,O; thin film is lower than that of
direct-crystallized La,Ti,O7 thin film. The R, of pre-
crystallized La,Ti,0; thin film does not depend on the
crystallization temperature above 900°C. From these
results, the pre-crystallized La,Ti,0- thin film at 900°C
is relatively good film, which consisted of small grain
with a diameter of 100 nm and very smooth surface.

Figure 6 shows the O 1s SXES spectra as a function
of crystallization temperature in pre-crystallized
La,Ti,O thin film. As a reference, the DOS by band
calculation is also shown as dashed line. The SXES
spectra reflect the electronic structure of the bulk state
[14], because the mean free path of a soft-X-ray is very
long compared with that of an electron. The clear
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Fig. 6: SXES spectra in the valence band region as a function of
crystallization temperature in pre-crystallized La,Ti;O; thin
films. As reference, the ban calculation is also shown as
dashed line.

selection rule of SXES is caused mainly within the same
atomic species, because the core hole is strongly
localized. For this reason, the O 1ls SXES spectra
reflect the O 2p PDOS. The obtained O 2p PDOS
corresponds to the band structure in the valence band
region, since the valence band of La,Ti,0; is mainly
composed of O 2p. The bottom axis is relative energy
from Fermi level (Ex=0 eV).

The La,Ti,0; thin film prepared at 1100°C has the
DOS in the band gap energy region. This indicates the
metallic state of the thin film with high crystallization
temperature. On the other hand, the valence bands of
La,Tiy0 thin films prepared at 900 and 1000°C are in
agreement with the band calculation. Furthermore,
there is no structure in the band gap region of thin films
prepared at 900 and 1000°C. In particular, the
electrical resistivity of thin film prepared at 900°C is
approximately ~10° Q, which corresponds to the bulk
crystal [11].

4. CONCLUSIONS

We have prepared the La,Ti,0; thin films on SrTiO;
(100) substrate by metalorganic deposition.  The
high-quality La,Ti,O; thin film was obtained using
pre-crystallization, which keeps at 660°C for 5 min
before crystallization from 700 to 1100°C.  The
pre-crystallized La,Ti,O5 thin film crystallized at 900°C
consisted of small surface roughness of 3 nm and small
grain size with a diameter of 100 nm against film
thickness of 400 nm. The valence band estimated from
SXES spectrum accords with band calculation of
La,Ti,O7. The resistivity was approximately 10° Q.
These findings are considered to be due to the
optimization of nuclear creation for growth of thin film
with pre-crystallization.
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