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Abstract
Single crystal thin ﬁlms of LiNb0.5Ta0.5O3 were prepared on (0 0 1)LiTaO3 and (0 0 1) LiNbO3 substrates by a thermal
plasma spray CVD process using metalorganic precursors. The composition and epitaxial quality of the ﬁlms, deposited
at the growth rate of 20–400 nm/min, were evaluated by transmission electron microscopy and X-ray diffractometry.
The surface morphology of the ﬁlms was characterized by atomic force microscopy in relation to the deposition
temperature and the substrate surface conditions.
r 2002 Elsevier Science B.V. All rights reserved.
PACS: 81.15.Gh; 68.55.a; 61.16.B; 61.10.i
Keywords: A1. Atomic force microscopy; A1. Transmission electron microscopy; A3. Thin ﬁlms; B1. Lithium niobate-tantalate

1. Introduction
Lithium niobate (LiNbO3, LN) and lithium
tantalate (LiTaO3, LT) are key materials for
integrated optics. Their unique nonlinear optical,
piezoelectric, pyroelectric, electro-optic and photoelastic properties make them highly desirable
materials in a variety of device applications such
*Corresponding author. Tel./fax: +81-3-5841-7103.
E-mail address: kulinich@terra.mm.t.u-tokyo.ac.jp
(S.A. Kulinich).

as optical modulators and waveguides, surface
acoustic wave devices, second-harmonic generators
and holographic memory [1–3]. As their solid
solution, lithium niobate-tantalate (LiNb1xTaxO3,
LNT) possesses intermediate properties (including
refractive indices or electro-optic properties) that
can be changed by controlling the x=Ta/(Nb+Ta)
ratio from those of LN (x=0) to those of LT
(x=1). Thus, the key properties of LNT as a
material can be adjusted to meet engineering
speciﬁcations, which makes it a very attractive
material for many practical applications [4–8].
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Bulk single crystals of LN and LT are already
commonly used in acoustic and optical devices.
However, the growth of LNT bulk crystals with
high compositional homogeneity and crystallinity
by the conventional Czochralski method is difﬁcult
because of the wide separation between liquidus
and solidus lines in the LN–LT phase diagram.
Therefore, high-quality LNT ﬁlms fabricated with
good compositional control on appropriate substrates are highly desirable.
During the past decade, as interest in thin
ferroelectric ﬁlm devices has grown dramatically,
the fabrication of both non-doped [2,7–16] and
doped [10,17–19] LN and LT ﬁlms on various
substrates has been intensively investigated for the
preparation of highly integrated optical and
electro-optic devices. A number of deposition
techniques have been explored, including metalorganic CVD (MO CVD) [2,13–15], liquid-phase
epitaxy (LPE) [7–10,20,21], pulsed laser deposition
(PLD) [11,12], sol–gel processing [4,16,19,22] and
so forth. At the same time, there have been only a
few reports on LNT ﬁlm fabrication. Kawaguchi
et al. reported LNT ﬁlm growth on LN substrates
with 0oxo0.4, using the LPE method [7–9]. In
their experiment, ﬁlm crystallinity degraded signiﬁcantly at x>0.3, corresponding to an increase
of lattice mismatch and growth temperature [7].
More recently, Cheng et al. grew highly (0 0 6)oriented LNT ﬁlms with xo0.33 on Si(1 1 1)
substrates, using the sol–gel technique [4], and
also found that the degree of orientation was
relatively low when 0.5pxo1.
LiTaO3 and LiNbO3, as substrate materials for
LNT ﬁlms, have two important advantages over
the more common sapphire: both their lattice
constants (mismatch of 0.1–0.3% along the a-axis,
depending on ﬁlm x) and thermal expansion
coefﬁcients are much closer to those of LNT
material. Therefore, much higher LNT ﬁlm quality
is expected on such highly lattice-matched substrates.
A thermal plasma spray CVD (TPS CVD)
method, which has been developed for various
multi-component ﬁlm fabrications, has several
advantages [23] including: a large number of
potential materials and dopants, continuous and
accurate control of feeding rate of the liquid
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source materials into the plasma, large-area ﬁlm
deposition, comparatively high growth rate (tens
to hundreds of nm/min), easy compositional
control by using liquid source materials, and
compositional homogeneity among others. We
have recently reported the deposition of epitaxial
LNT ﬁlms on sapphire [24,25] and highly oriented
LNT ﬁlms on Si [26,27] substrates by the TPS
CVD process using a liquid metalorganic solution.
The aim of this work was to study the TPS CVD
process for LNT ﬁlms on highly lattice-matched
(0 0 1)LT and (0 0 1)LN substrates, in order to
develop this technique for the fabrication of
crystalline ﬁlms with device qualities in the future.
Although single-crystal LN and LT [2,10,13,
14,20–22] and LNT (0pxp0.3) [7–9] thin ﬁlms
have been previously prepared on LT or LN
substrates, including 5 mol% MgO-doped LN
[10,22], using mainly MO CVD [2,13,14], sol–gel
[22] and LPE [7–10,20,21] techniques, we present
herein the ﬁrst report on LNT ﬁlms prepared at
comparable or even higher growth rates and
higher Ta content x=0.5.

2. Experimental details
As-supplied single-crystal (0 0 1)LT (MolTech
GmbH, Germany) and (0 0 1)LN (Earth Chemical
Co., Ltd., Japan) optically polished plates
10  10  0.5 mm3 in size were used as substrates.
Prior to ﬁlm growth, the substrates were ultrasonically cleaned and rinsed with acetone and
ethanol. Additionally, a number of LT and LN
wafers heat-treated in air at 8001C, 9001C
and 10001C for 1 h were used as substrates
for comparison. The liquid precursor used was
a uniform mixture of metalorganic alkoxides,
LiTa(OR)6 and LiNb(OR)6 in 3-methylbutyl
acetate solvent, which were obtained from Kojundo Chem. Lab. Co., Japan. The concentration of
metals in each individual precursor solution
corresponded to 3 wt% LiTaO3 or LiNbO3,
respectively. As reported in our earlier works, a
mixture of these solutions with the initial ratio
Ta:Nb=1:1 yielded single-phase LiNb1xTaxO3
ﬁlms with x=0.5 on sapphire and silicon substrates [24–27]. Therefore, this source composition
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was also used in this work. The TPS CVD process
using O2–Ar radio frequency thermal plasma was
applied for ﬁlm preparation. The details of ﬁlm
fabrication, plasma chamber description, as well as
the method itself, have been given elsewhere
[23,24,26]. The main growth parameters are
summarized in Table 1.
The microstructure and interface between the
ﬁlm and the substrate were studied by transmission electron microscopy (TEM), and energydispersive X-ray spectroscopy (EDS) with a probe
of 1 nm size was applied to evaluate the chemical
composition of the ﬁlms. The cross-sectional
samples for electron microscopy were prepared
by conventional procedures including specimen
gluing, cutting and polishing, followed by ion
milling, as reported elsewhere [22,25]. The specimens were investigated using a JEOL JEM-2010F
electron microscope with a ﬁeld emission gun
operated at 200 kV and a JEOL ARM-1000 highvoltage electron microscope operated at 1000 kV.
Film thickness was estimated by cross-sectional
scanning electron microscopy (SEM). The samples
for SEM examination were prepared by coating
with 2 nm of Au or carbon and were then placed in
a Hitachi S-4200 ﬁeld emission SEM and examined at an accelerated voltage of 10 kV.
In order to evaluate the morphological surface
features of the ﬁlms and the substrates, atomic
force microscopy (AFM) analysis was performed
in the tapping mode with a Si tip using a Digital
Instruments NanoScope IIIa system. Because the

LT and LN substrates might be pyroelectrically
charged, to prevent such a charging during AFM
observation, the samples were ﬁxed to the steel
stage using a silver paste with their surface hemmed
in by the silver paste, leaving a window for
observation that was approximately 1  1 mm2 in
size, following the work of Nagata et al. [28]. In
order to examine the LNT ﬁlm phase composition
and epitaxial orientation, X-ray diffraction (XRD),
conventional 2y/y scanning and 2yw/j scanning at
a small incidence angle of 0.351, was performed.

3. Results and discussion
3.1. Film–substrate interface
In order to investigate the distribution of Ta and
Nb through out the ﬁlm–substrate interface and
the depth of the sample, EDS microprobe measurements were carried out. Figs. 1a and b are

Table 1
Summary of experimental conditions
Source Li:Nb:Ta ratio
Plasma pressure (Torr)
Plasma power (kW)
O2 tangential gas ﬂow rate (l/min)
Ar inner gas ﬂow rate (l/min)
Ar carrier gas ﬂow rate (l/min)
Ar spray gas ﬂow rate (l/min)
Torch–substrate distance (cm)
Substrate temperature, Tsub (1C)
Liquid precursor feed rate (ml/min)
Film growth rate (nm/min)
Deposition time (min)
Typical ﬁlm thickness (nm)
Substrate

2:1:1
150
46.2
45.0
5.0
3.0
3.6
37
590–720
0.5–8.0
20–400
0.5–8.0
100–200
(0 0 1)LT, (0 0 1)LN

Fig. 1. EDS spectra of the 100-nm-thick LNT ﬁlm on asreceived LT grown at 100 nm/min and Tsub=595751C: (a) LT
substrate area, (b) LNT ﬁlm area.
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examples of typical EDS spectra for the LT
substrate (a) and the LNT ﬁlm (b) areas for a
sample fabricated at 100 nm/min and Tsub=
5957101C for 1 min on as-supplied LT substrate.
The composition distributions of Ta and Nb
atoms were found to be uniform within both
the ﬁlm and the substrate, and no Nb was detected
within the LT substrate (Fig. 1a). Thus, a good
step proﬁle at the LNT//LT interface can enable a
sharp-stepped refractive index proﬁle for the
sample.
Cross-sectional high-resolution TEM (HRTEM)
of the same specimen reveals good epitaxial growth
behavior, as seen in Fig. 2a. In contrast to
(0 0 1)LN ﬁlms on (0 0 1) sapphire, where misﬁt
dislocations were normally found by TEM at the
interface [11,22], the HRTEM micrograph in
Fig. 2a demonstrates no evidence of the formation
of misﬁt dislocations. The interface between the
LNT ﬁlm and LT substrate seems to be coherent.
This was expected, because good matching of the
ﬁlm and the substrate in terms of the lattice
parameters and the thermal expansion produces
stresses at the interface, which may be too weak to
introduce a large number of misﬁt dislocations,
compared to the case of LN on sapphire.
The selected area electron diffraction (SAED)
pattern (Fig. 2b) corresponding to the LNT//LT
interface of the same sample also conﬁrms the
epitaxial growth and demonstrates no weak extra
spots caused by twin structures or any additional
phases within the interface area of the sample.

Fig. 2. (a) Cross-sectional HRTEM image of the 100-nm-thick
LNT ﬁlm on as-received LT grown at 100 nm/min and
Tsub=595751C. (b) SAED pattern of the LNT//LT interface
for the same sample. The zone axis is ½1% 1 0:
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Owing to a very small lattice parameter mismatch
between LT and LNT materials, no shifts of
reﬂection positions between the LNT ﬁlm and the
LT substrate are observed in Fig. 2b.
Our TEM observations are in good agreement
with those of Terabe et al. [22] who analyzed sol–
gel-grown LN ﬁlms on various substrates, including LT, suggesting the decrease in the number
of structural defects in LNT (0pxp1) ﬁlms on
highly lattice-matched substrates regardless of the
growth techniques employed.
3.2. Phase composition and in-plane alignment
The growth rates, as evaluated from the crosssectional SEM analyses of the ﬁlm thickness,
were deduced to linearly vary within the range
of 20–400 nm/min, when the liquid feed rate
applied was increased from 0.5 to 8 ml/min,
which is in good agreement with those for
the previously reported TPS-CVD-fabricated
LNT ﬁlms on sapphire [24] and silicon [26,27]
substrates.
Unlike LNT ﬁlms grown by TPS CVD on
sapphire, where the (0 0 1) orientation of ﬁlms
was notably governed by the growth temperature
and rate and was improved when the latter
was held at 180–400 nm/min [24], our present
results demonstrate no signiﬁcant inﬂuence
of growth rate on ﬁlm orientation at substrate temperatures within the applied range of
590oTsubo7201C. This is believed to be caused by
the difference in the lattice mismatch between the
two systems, i.e., (0 0 1)LNT//(0 0 1)a-Al2O3 (mismatch on the order of 8% [11]) and (0 0 1)LNT//
(0 0 1)LT or (0 0 1)LN (mismatch on the order of
0.1–0.3% [14]).
Fig. 3a shows the XRD pattern of the LNT ﬁlm
grown at 50 nm/min and Tsub=625751C. The
X-ray diffraction of this LNT//LN sample reveals
the presence of highly (0 0 1)-aligned epitaxial
LNT on the single crystal (0 0 1)LN wafer. No
polycrystalline or other phases are detected by the
XRD 2y/y scan. However, since the fabricated
ﬁlms were normally 180–200 nm thick, it was
impossible to discriminate their peaks from those
of the substrate by means of the conventional
XRD ﬁlm technique, as seen in Fig. 3a. Fig. 3b
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3.3. Surface morphology
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Fig. 3. XRD 2y/y scan pattern (a) and in-plane 2yw/j scan
pattern (b) of the 190-nm-thick LiNb0.5Ta0.5O3 ﬁlm on asreceived LN substrate, deposited at 50 nm/min and
Tsub=625751C. The incidence angle used for (b) was 0.351.

presents the spectrum obtained by XRD 2yw/j
scanning of the same specimen, performed at a
small incidence angle of 0.351, which may also
evaluate the ﬁlm’s in-plane orientation. It is seen
that only vertical ﬁlm (1 1 0) and (2 2 0) crystallographic planes are detected. This provides
further evidence that the LNT ﬁlm has a singlecrystal structure and is in-plane aligned with the
LN substrate with no detectable twinning, which is
quite common for LNT (0pxp1) ﬁlms fabricated
on a (0 0 1) sapphire substrate with much larger
lattice mismatch and difference in thermal expansion coefﬁcients [2,11,15,22,24,29].

Thin-ﬁlm surface morphology and roughness
are important for many applications, and especially for waveguides. As previously reported
[3,15], optical and electrical properties of ferroelectric ﬁlms are strongly affected by their
structural defects and surface morphology. To
achieve comparable performance with bulk singlecrystal waveguide devices, high-quality LNT ﬁlms
should be grown single-crystalline and with low
surface roughness. Previous work has shown that
surface scattering can account for up to 50% of
the optical loss in a thin ﬁlm [3]. Therefore, to
compete with bulk single-crystal waveguide devices, the ﬁlm root-mean-square roughness (Rrms)
should be on the order of 1.0 nm, such that the
optical losses are lower than 1.0 dB/cm [3,15].
Thus, understanding the development of morphological features and roughness tendencies in thinﬁlm structures is very important for controlling
optical losses.
The effect of substrate temperature (Tsub) on
surface roughness of LNT ﬁlms on as-received
(0 0 1)LN substrates is given in Fig. 4, as measured
by AFM for surface areas of 2  2 mm2. Since, in
general, surface roughness is signiﬁcantly affected
by ﬁlm thickness and other deposition parameters,
all the samples were grown at the same growth rate
of 180–200 nm/min and had similar thicknesses of
approximately 180–200 nm. As the average deposition temperature increases from 5951C to about
6801C, the surface Rrms of the ﬁlms decreases.
However, at Tsub>6801C, the ﬁlm surface starts to
roughen again. Although the reason for this is not
yet clear, the similarity to the MO-CVD-prepared
LN ﬁlms on (0 0 1) sapphire reported by Lee and
Feigelson [15] is obvious. Moreover, a similar
trend for ﬁlm surface ﬂattening with increasing
substrate temperature within the range of
510pTsubp6751C was also reported by Feigelson
[2] for LN ﬁlms on (0 0 1)LT wafers. The above
temperature-dependent surface improvement was
suggested to be related to the increase in the
surface mobility of the deposited species at
elevated substrate temperatures [2]. However, the
surface roughness of LN ﬁlms deposited on LT at
Tsub>6751C was not measured [2], and probably
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Fig. 4. Film root-mean-square roughness as a function of
average deposition temperature for 180–200-nm-thick LNT
ﬁlms deposited at 180–200 nm/min on as-received (0 0 1)LN
wafers.

Fig. 5. AFM surface image (2  2 mm2) of LNT ﬁlm on asreceived LN substrate grown at 50 nm/min and Tsub=695751C
for 4 min. Three-fold symmetry of the surface-forming islands is
revealed.

this could be a reason that further ﬁlm roughening
was not detected.
Fig. 5 presents typical surface morphology for
the 190-nm-thick LNT ﬁlm on as-supplied LN
grown at a relatively high deposition temperature
of Tsub=695751C and at a growth rate of 50 nm/
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min. The surface area of 2  2 mm2 is shown. While
surface roughness is somewhat increased compared to those for the ﬁlms fabricated at
Tsubo6801C, it is seen that the surface consists
of in-plane-aligned triangular pyramids whose
three-fold symmetry is typical for LNT single
crystal (trigonal symmetry group). The pyramidal
faces are believed to be the {0 1 2}LNT planes, by
analogy with the (0 0 1)LN islands observed at the
early stages of growth on (0 0 1) sapphire by
Veignant et al. [11].
Another key factor contributing to ﬁlm smoothness may be the surface and quality of the
substrate used. It is known that as-supplied LT
and LN substrates, which are produced by the
mechanochemical mirror polishing process, have
irregular corrugations and crystallographic defects
on their topmost surface [28]. Consequently, the
atomic-scale ﬂatness of the substrate surface
caused by high-temperature annealing of commercial LT and LN wafers is expected, based on
analogy with a-Al2O3 [12,30], to enhance the
epitaxial growth of the LNT ﬁlms [28]. As
suggested by Yoshimoto et al. [30] and Lee et al.
[12], pre-deposition ﬂattening of the sapphire
substrate surface might result in sharp interfaces
and, thus, better quality of fabricated devices.
However, little is known about the quality and the
surface-preparation procedures of LT and LN
substrates used in the growth of oxide ﬁlms. Also,
no experimental information is available on the
relationship between ﬁlm quality and substrate
surface condition [2].
In Figs. 6a and b, the surface topographies of
as-received (0 0 1)LT (a) and (0 0 1)LN (b) are
given. The two AFM images reveal a number of
nano-scratches and corrugations caused by mechanochemical polishing of the optical-grade surface. Fig. 6c shows the AFM surface morphology
of a 100-nm-thick LNT ﬁlm deposited on an asreceived LT wafer, where two rows of somewhat
higher LNT islands are seen. It is believed that
these island rows have formed along the nanoscratches of the substrate surface (see Figs. 6a and
b), which probably provided nucleation sites with
lower energy. Even though the above LNT islands
were not clearly detected on the surfaces of thicker
(180–200 nm) ﬁlms, it is obvious that they still

414

S.A. Kulinich et al. / Journal of Crystal Growth 247 (2003) 408–418

Fig. 6. AFM surface images (5  5 mm2) of the as-received LT (a) and LN (b) substrates. Numerous nano-scratches and corrugations
of the surfaces are seen. (c) AFM surface image (5  5 mm2) of the LNT ﬁlm deposited on as-received LT substrate at 100 nm/min and
Tsub=5957101C for 1 min. Rows of high islands formed along substrate surface scratches are clearly seen.

contributed to the ﬁlm roughening when assupplied substrates were used.
Fig. 7 shows the Rrms surface roughness (evaluated for 2  2 mm2) of LNT ﬁlms deposited on
LN (a) and LT (b) substrates as a function of
substrate annealing temperature (Tanneal) performed in air for 1 h. All the ﬁlms, 180–200-nm
thick, were grown at Tsub=6507101C and 180–
200 nm/min. The Rrms values for the ﬁlms grown

on as-received substrates correspond to Tanneal ¼
251C: The roughness dependencies in Fig. 7, which
cannot be explained as yet, seem to be related to
the nucleation density of the growing ﬁlms at a
very early stage of their formation. It should be
noted that even for the quasi-homoepitaxial
system LN==LT; as shown by Feigelson [2], a
three-dimensional island growth mode is realized
in the case of vapor deposition. The number of
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Fig. 7. LNT ﬁlm root-mean-square roughness as a function of
LN (a) and LT (b) substrate pre-deposition annealing
temperature in air. All the ﬁlms, 180–200 nm thick, were grown
at Tsub=6507101C and 180–200 nm/min. Solid lines are added
only as visual guides.

nucleation sites on high-temperature-treated LN
substrate with well-deﬁned surface steps (reconstructed LN, see Fig. 8a) might be lower than that
on as-received LN, as previously reported for the
(0 0 1) sapphire substrate [2]. The steps in Fig. 8a
provide lower energy sites for ﬁlm nucleation than
the terraces. Thus, under sufﬁciently high temperature conditions, when the species can reach the
steps quite fast, the number of nuclei is expected to
be smaller. As a result, the average grain size
becomes larger, which, in general, leads to
increased surface roughness [15].
On the other hand, some surface ﬂattening of
the LNT ﬁlms on the annealed wafers, as expected,
could result from the disappearance of the surface
nano-scratches, which is indeed observed in Fig. 7
for the ﬁlms grown on LN and LT wafers annealed
at Tannealp9001C and Tannealp10001C, respectively. Fig. 8 shows the AFM surface topography
of both LN (a) and LT (b,c) substrates, measured
after annealing in air at 10001C for 1 h. It is seen in
Fig. 8a that the surface restructuring of (0 0 1) LN
took place after heat treatment. While surface
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nano-scratches observed in Fig. 6b disappeared, a
set of very regular steps with atomically ﬂat
terraces, highly similar to those previously
reported for high-temperature-treated (1300–
14001C) (0 0 1) sapphire [2,12,15,30], was formed
instead. The terraces are about 200–400 nm wide
and 0.23 nm high, which corresponds to 16 of the
( or
c-parameter of the LN unit cell (c=13.86 A)
the minimum distance between two oxygen planes
of the layered LN structure [1]. It is believed that,
as described above, these terraces could be the
reason for the increased LNT ﬁlm roughness
presented in Fig. 7a. At the same time, Figs. 8b
and c reveal only the initial formation and growth
of well-regulated steps on LT surface, which are
very similar to the results of Nagata et al. [28] for
high-temperature-treated (900–10001C) LN wafers. Note that for convenience, two different
surface areas, 2  2 and 5  5 mm2, for LT are
presented in Figs. 8b and c. While Figs. 8a and b
allow comparison of the state of LN and LT
surfaces after thermal treatment, Fig. 8c, in
comparison with Fig. 6a, clearly shows the surface
ﬂattening and disappearance of the majority of
nano-scratches. It is likely that it is the difference
in surface morphology of the annealed LN and LT
substrates (Fig. 8) that plays a key role in the
difference in LNT ﬁlm nucleation, growth and
roughening on them (Fig. 7). Whereas the surface
of the LN substrate is very uniform, some
relatively deep scratches on the LT wafer have
not yet disappeared after heating at 10001C for 1 h.
The annealing conditions applied (10001C, 1 h)
seemed to be insufﬁcient for LT to reach such a
regular surface as in the case of LN, which
correlates well with both the difference in melting
point and the initial surface conditions of the LN
and LT materials. On the other hand, this
correlates well with the results in Fig. 7; namely,
since most of the nano-scratches on the LT surface
have vanished at 10001C, the roughness of the
LNT ﬁlm on such a wafer is lower, while it started
to increase on the LN substrates, where a very
regular surface is formed, leading to a lower ﬁlm
nucleation density.
As mentioned above, neither the characteristics
of the substrates for oxide-ﬁlm fabrication nor
the surface-preparation procedures have been
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Fig. 8. AFM surface images of the LN (a) and LT (b,c) substrates heat-treated at 10001C for 1 h in air. Surface areas of 2  2 mm2 (a,b)
and 5  5 mm2 (c) are shown.

carefully investigated thus far with respect to
the properties and qualities of the deposited
ﬁlms. While the pre-deposition heat treatment of
sapphire substrates was reported by several groups
[2,12,15,30], there are only a few works on LN
or LT as potential substrates. As an example,
Nagata et al. [28] studied the inﬂuence of
dry atmosphere annealing on the surface morphology of (0 0 1)LN, which consequently can affect

the fabricated ﬁlm epitaxy, microcrystallinity and
morphology. They revealed the importance of
controlling surface OH content as an additional
key factor governing LN surface morphology
during and after thermal treatment. Our present
results also reveal the importance of substrate
surface control and optimization before highquality ﬁlms are grown. As was shown above,
the substrate surface condition is of great
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importance for realizing the designed LNT ﬁlm
surface morphology.
It was unexpected, however, that the roughness
of high-rate-grown LNT ﬁlms on LT and LN
wafers was of the same order as those on silicon
and sapphire reported previously [24,27], and still
remained high for any waveguide devices. This
implies that surface roughness evolution for
thermal-plasma-grown LNT ﬁlms is likely to be
caused by some reasons other than the nature of
the substrate, and further experimental studies are
necessary to better understand the mechanisms
involved in ﬁlm roughening and to improve
surface smoothness.

4. Summary
Thermal-plasma-grown LiNb0.5Ta0.5O3 epitaxial thin ﬁlms on (0 0 1)LiTaO3 and (0 0 1)LiNbO3
substrates were characterized by X-ray diffractometry, transmission electron microscopy, energydispersive X-ray spectroscopy and atomic force
microscopy. Single-phase and single-crystalline
ﬁlms 100–200 nm thick were deposited from
oxygen–argon thermal plasma using metalorganic
liquid precursors, and their surfaces were
crack-free. The surface roughness of the ﬁlms
was found to vary considerably with deposition
temperature and substrate surface conditions, thus
implying the importance of careful optimization
and control of these two parameters. Our results
suggest that the thermal plasma spray CVD
method can be a promising technique for preparing ferroelectric ﬁlms, although further investigations are needed to decrease surface roughness of
the resulting ﬁlms.
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