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Abstract
Lithium niobate-tantalate ®lms with the composition LiNb0.5Ta0.5O3 and very high c-axis orientation were grown on (1 0 0)
and (1 1 1) Si substrates by using the thermal plasma spray CVD method. It is demonstrated that the substrate temperature is
the key factor governing ®lm orientation and crystallinity. The ®lm direction could be varied from (0 0 6) to (0 1 2) by
controlling the deposition temperature. Under optimal growth conditions, 97% c-textured ®lms could be grown on both thick
and very thin intermediate SiO2 layers. A (0 0 6) rocking-curve full-width at half-maximum value could achieve 3.78 by using
the optimal deposition temperature. The growth rate applied was equal to 160±340 nm/min. # 2001 Published by Elsevier
Science B.V.
PACS: 81.15.Gh; 68.55.-a
Keywords: LiNb0.5Ta0.5O3; Thin ®lms; Thermal plasma spray CVD; X-ray diffraction

1. Introduction
Ferroelectric oxide thin ®lms have been attracting
great interest for various applications, including nonvolatile memory, infrared sensors, optical switches
and ultrasonic transducers. To take advantage of the
useful properties of these materials, it is essential to
fabricate epitaxial or polar-axis-oriented thin ®lms
[1,2]. Optical devices require epitaxial ®lms, whereas
preferentially oriented ferroelectric ®lms are suf®cient
for many piezoelectric device applications.
*
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Lithium niobate (LiNbO3, LN) and lithium tantalate
(LiTaO3, LT) are ferroelectric materials with various
attractive properties, such as acoustic, piezoelectric,
acoustooptic and electrooptic properties [3,4].
Recently, high-quality LN and LT thin ®lms have
been receiving great attention for their applications
in optical waveguide devices, such as wave mixing,
intensity phase modulation and high-speed switching
in integrated optics [5].
In contrast, there have been only a few reports on
lithium niobate-tantalate (LiNb1 x Tax O3 , LNT) ®lm
deposition [6±8], even though this material is also very
attractive, since its properties can be varied along with
x from those of LN x  0 to those of LT x  1.
Kawaguchi et al. [6] reported LNT ®lm growth on
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LN(0 0 1) substrates with x  0±0.4 using the LPE
method. In their experiment, ®lm crystallinity
(FWHM) degraded markedly when x > 0:3, corresponding to the increase of lattice mismatch and
growth temperature. Cheng et al. [7] prepared highly
(0 0 6)-oriented LNT ®lms with x < 0:33 on Si(1 1 1)
substrates using the sol±gel technique. They also
found that the degree of orientation was relatively
low when 0:5 < x < 1.
From the technological point of view, LiNb1 x Tax O3
x  0±1) ®lms on silicon or other semiconductors are
very desirable, because they would enable an integrated
optics technology in which sources, detectors, electronics and nonlinear optical waveguides could be fabricated on a single substrate. To exploit the optical
properties of these materials and the superior electrical
properties of silicon, it is of great importance to fabricate highly c-textured LNT ®lms on Si substrates, for
both metal-ferroelectric-semiconductor nonvolatile
memory and optoelectronic applications [2,7].
Recently, many authors have reported depositing
LN and LT ®lms with (1 0 4) [9,10], (0 1 2) [11] and
(0 0 6) [2,12±18] texture on Si with/without a SiO2
cladding layer, using PLD [2,10,15,17,18], sputtering
[9,12], the sol±gel technique [13], the pyrosol method
[14] and MO CVD [11,16]. However, there is little
information on the crystallinity of these ®lms [16], and
there are only a few reports on LNT ®lms on Si
substrate [7].
The thermal plasma spray CVD (TPS CVD) technique using liquid source material [19] has been
successfully applied to the preparation of preferentially (1 1 0)-oriented LN ®lms onto (1 1 0) sapphire
with the deposition rate as high as 0.1 mm/min, which
was 10±100 times faster than those of many other
conventional vapor deposition methods. The authors
have also reported depositing LN on a 5 in. Si(1 1 1)
wafer [19]. Since the substrate temperature could
not be controlled in that experiment, different ®lm
quality and orientation were obtained for various
substrate areas. It has recently been demonstrated that
epitaxial LiNb1 x Tax O3 x  0±0.7) ®lms with good
crystallinity can be grown on (0 0 1) sapphire substrates using the same method [8,20,21]. In the present
paper, we report on LiNb0.5Ta0.5O3 thin ®lms (160±
340 nm) fabricated on Si(1 1 1) and Si(1 0 0) substrates by the same deposition technique. In particular,
the effects of deposition temperature and cladding
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SiO2 layer thickness on ®lm orientation and crystallinity have been investigated.
2. Experimental details
The double-alkoxide liquid precursors were
reagent-grade lithium-niobium and lithium-tantalum
alkoxide metalorganic solutions commercially available for dip coating {LiNb(OR)6 and LiTa(OR)6 in
3-methylbutylacetate as a solvent} from Kojundo
Chemical, Japan. The concentrations of metals (Li
and Nb or Li and Ta) in individual precursor solutions,
which were then mixed in appropriate ratios, corresponded to 3 wt.% LiNbO3 or 3 wt.% LiTaO3, respectively. In earlier works, we reported that a mixture of
these solutions with the initial ratio Nb:Ta  1:1
yielded single-phase LNT (with x of approximately
0.5) on sapphire substrates [8,20,21], and this source
composition was used here.
A TPS CVD apparatus with upward-blowing
plasma, described previously [8,20], was used in this
study. The main details of the method, as well as the
deposition procedure itself, have also been described
elsewhere [8,19,20]. Unlike in our previous studies
[8,20,21], we used a modi®ed TPS CVD apparatus, in
which the auxiliary Cu inductive coil for holder heating (independent of plasma heating) was added
(Fig. 1). Whereas in previous studies, the substrate

Fig. 1. Scheme of the improved substrate heating system of the
TPS CVD apparatus depicting independent holder heating by both
auxiliary Cu inductive coil and plasma with ®xed power.
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Table 1
Summary of experimental conditions
Source Li:Nb:Ta ratio
Power (kW)
Pressure (Torr)
O2 tangential gas flow rate (l/min)
Ar carrier gas flow rate (l/min)
Ar spray gas flow rate (l/min)
Ar inner gas flow rate (l/min)
Liquid feeding rate, R (ml/min)
Deposition temperature (8C)
Torch-substrate distance, L (cm)
Deposition time (s)
Substrates
SiO2 cladding layer thickness (nm)

2:1:1
46.2
150
45.0
3.0
3.6
5.0
4.0, 8.0
560±700
37
30±60
Si (1 1 1), Si (1 0 0)
10, 600, 700, 900

temperature was controlled within the accuracy of
158C [8,20,21], the improved heating system
depicted in Fig. 1 enabled us to keep Tsub within
the accuracy of 5 and 108C at liquid precursor
feeding rates R  4 and 8 ml/min, respectively.
A summary of the main experimental conditions is
presented in Table 1. Silicon plates (10  10  0:5 mm3
in size, Si(1 0 0) or Si(1 1 1) p-type) were used as
substrates. Since the refractive index of Si n  3:42
is greater than thoseofLiNb1 x Tax O3 (at: l  632:8 nm
and x  0:81: no  2:20, ne  2:19), the LNT/Si
waveguide structure requires a suf®ciently thick buffer
layer with a smaller index and low loss in the visible
area in order to con®ne the optical power in the waveguide and to reduce the leakage loss to a negligible
value [9,15,16]. For this purpose, an amorphous SiO2
layer seems to be very advantageous, because it is very
common in semiconductor processing, is easily grown
by thermal oxidizing and has a low refractive index
n  1:46. To fabricate a SiO2 buffer layer, a number
of Si wafers were heat-treated in a quartz pipe at 11008C
and oxygen ¯ow for 20, 27 and 47 h, so that samples
with coating thicknesses of 600, 700 and 900 nm were
obtained. Prior to ®lm growth, the Si wafers were ultrasonically cleaned and rinsed with acetone and ethanol.
Additionally, a number of Si plates with a natural SiO2
layer of approximately 10 nm were used as substrates
for comparison.
In order to examine the LNT ®lm orientation,
crystallinity and phase composition, X-ray diffraction
(XRD) was used. Film and SiO2 cladding layer thicknesses were examined by cross-sectional scanning
electron microscopy (SEM) and transmission electron

microscopy (TEM). Surface morphology was analyzed with SEM and atomic force microscopy
(AFM). The microstructure and interface between
the ®lm and the substrate were studied using TEM,
energy-dispersive X-ray spectroscopy (EDS) with a
probe of 2 nm size was applied to determine the
chemical composition of the ®lms. The refractive
index was evaluated by means of spectroscopic ellipsometry.
3. Results and discussion
3.1. Orientation and crystallinity
To study the effect of deposition temperature on
®lm orientation and crystallinity, only the substrate
temperature Tsub was varied in the experiments shown
in Fig. 2. The phase composition and crystallite
orientation of the LNT/SiO2/Si ®lms were analyzed
by XRD using a y±2y scanning mode; the y scanning
mode was used to estimate ®lm (0 0 6) out-of-plane
misalignment (rocking-curve measurement). Since

Fig. 2. Variation of XRD patterns of LiNb0.5Ta0.5O3 ®lms
deposited on SiO2/Si (oxide thickness about 900 nm) substrates
with deposition temperature Tsub.
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these XRD results are affected by ®lm thickness, all
the series were grown to have similar thicknesses of
160±180 nm. The substrates used were (1 0 0)Si covered with a 900 nm thick oxide layer, and the liquid
feeding rate was maintained at R  4 ml=min, which
corresponded to the ®lm growth rate of 160±180 nm/
min. The LNT ®lms were deposited within the Tsub
range 560±7008C for 1 min and were then in situ
annealed in O2/Ar plasma at the deposition temperature for 10 min.
Fig. 2 shows the variation of the LNT ®lm XRD
patterns with the deposition temperature. At Tsub 
560 C, highly (0 0 6)-oriented ®lm was grown; however, the intensity of the (0 0 6) peak is rather weak.
Also, a weak (2 2 2) peak of the Li-rich phase
(Li3Nb0.5Ta0.5O4, LR) near 2y  37, as well as a
set of very weak peaks of the Li-de®cient phase
(LiNb1.5Ta1.5O8, LD) were observed. The latter are
believed to result from the fast deposition and relatively low species mobility in this temperature range,
where some compositional and phase inhomogeneities
can form. At elevated deposition temperatures, the
surface mobility and volume diffusion became faster,
which resulted in the decrease of the LR and LD peak
intensities and better ®lm compositional homogeneity.
For the same reason, in situ O2/Ar plasma annealing
was used to increase ®lm crystallinity and phase
homogeneity. Note that the formation of the (1 1 1)oriented LR phase following LN deposition on sapphire or Si substrates has been reported previously
[22,23].
At higher Tsub, the (0 0 6) peak intensity increased
until about 5758C; at this temperature, 97% c-axis
oriented LNT ®lm could be grown (see Figs. 2 and 3).
When deposition temperatures increased to higher
than 5808C, a gradual decrease of the (0 0 6) peak
intensity, along with an increase of those for (0 1 2),
(1 0 4), (1 1 0), (2 0 2), (0 2 4), (1 1 6) and (3 0 0)
peaks, was observed. Thus, the XRD patterns in
Fig. 2 clearly show that highly c-axis oriented LNT
®lms could be grown by using an appropriate substrate
temperature. At Tsub  650 700 C, LNT ®lms with
polycrystalline orientation and XRD spectra, similar
to those for powder data, were fabricated.
Since no particular lattice relationship is expected
between LNT and Si or SiO2 in this c-axis orientation,
it is clear that such a strong texture arises principally
from the growth kinetics of the highly anisotropic
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Fig. 3. Variation of orientation degree (f) for LiNb0.5Ta0.5O3 (160±
180 nm thick) ®lms as a function of deposition temperature Tsub
(the change of the (0 0 6) rocking-curve FWHM value for the same
®lms is also shown).

LNT material. In principle, ®lm orientation during
deposition may result from either surface free energy
or growth-rate anisotropy effects [16].The c-axis is
well known to be the fastest growth direction for LNT,
so that when formed, c-axis textured LNT grains can
consume most ad-species before the other grains can
grow [16]. Moreover, at lower temperatures, since the
lateral growth of grains is relatively slow compared to
their vertical growth rate, growth is dominated by
islands with their fastest growth direction normal to
the ®lm plane. Thus, the high (0 0 6) LNT ®lm orientation at Tsub  560 575 C (Fig. 2) resulted from the
fast growth rate of the c-axis (growth-rate anisotropy).
The gradual change in texture with deposition
temperature could be explained by surface free energy
anisotropy. Wu et al. [24] have suggested that the
(0 1 2) plane is the lowest energy plane. At higher
temperatures, nuclei on the surface can rearrange
themselves to minimize the total surface energy, thus
(0 1 2) orientation rather than (0 0 6) is favorable [16].
It is noteworthy that a very similar tendency in LN/
SiO2/Si ®lm texturing with deposition temperatures
was reported by Lee and Feigelson [16]. In their MO
CVD experiment, when a faster growth rate (4.5±
5.5 nm/min) was used, c-axis orientation could be
maintained at higher temperatures, and the formation
of the (0 1 2) texture was signi®cantly retarded compared to the slower growth rates (1.0±1.5 nm/min).
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Since the ®lm growth rates in our experiments were
30±60 times higher than those in their work, the
change in texture would be expected at higher deposition temperatures. However, it was not observed in
this study, and highly (0 0 6)-oriented LNT ®lms
could be deposited within a relatively narrow temperature range around 567±5808C for both R  4 and
8 ml/min, which can be attributed to the contribution
of a number of factors, such as the in¯uence of
apparatus geometry and deposition conditions. For
example, less reliable temperature control in the case
of the higher feeding rate, R  8 ml=min (108C,
whereas 58C at R  4 ml=min), is believed to be
one of the possible reasons why the LNT ®lm orientation and crystallinity could not be improved using a
higher growth rate.
According to Hu et al. [17], a convenient parameter
for describing the degree of c-axis orientation of the
LNT ®lms (c-axis orientation degree) on Si substrates
can be de®ned as
f 

Irpowder 0 0 6
;
powder
0 0 6
Ir

Ir 0 0 6
1

where relative intensity Ir(0 0 6) is the intensity of the
(0 0 6) peak normalized by the sum intensity of all the
peaks of LNT between 2y  20 and 608. For randomly
oriented polycrystalline ®lms, as in the case of powders, the degree of c-axis orientation ( f ) is equal to 0;
for completely c-axis oriented LNT ®lms, f  1; and
for partially c-axis oriented ®lms, f falls between 0 and
1 [7,13,17,20]. In the present study, we extended the
angle range to 2y  20 70 so as to include the effect
of the LNT (3 0 0) plane as well.
The change in LNT ®lm orientation degree as a
function of growth temperature is presented in Fig. 3;
the change in the ®lm crystallinity ((0 0 6) rockingcurve FWHM value) is also indicated. These two
relationships were carefully obtained using XRD with
both 2y±y and y (rocking-curve) measurements. The
LNT ®lms used to obtain these dependencies were the
same series as those shown in Fig. 2. As shown in
Fig. 3, both ®lm texturing (orientation factor f ) and
crystallinity were found to increase with increasing
deposition temperature until approximately 5758C,
indicating better c-axis crystalline alignment, caused
by increasing diffusion and surface mobility. These
results were expected, because the c-axis orientation
was improved until this temperature was reached, as

discussed earlier and shown in Fig. 2. When the
deposition temperature exceeded Tsub  575 C, the
gradual rise of the (0 0 6) rocking-curve FWHM
value, as well as the gradual decrease of the LNT
®lm orientation degree, were observed, indicating
the change of the (0 0 6) texturing to the (0 1 2) one.
The narrowest (0 0 6) rocking-curve FWHM width
achieved in this work was equal to 3.78.
To date, the narrowest rocking-curve FWHM value
that has been reported for the LN ®lms grown on SiO2/
Si or Si is equal to 1.88 [16]. Although our best value
for LNT ®lm is still large, we consider it to be rather
good, taking into account the very high deposition rate
applied in our study and the fact that in situ annealing
temperatures and times were not optimized.
Although a single-crystalline ®lm would be of more
interest, it is suf®cient for many nonlinear optical
applications that the LNT ®lm be c-axis oriented, since
the c-axis direction is the optical axis of the crystal,
and the c-textured ®lm gives a single d33 coef®cient for
the entire ®lm. Thus, the c-axis oriented but polycrystalline LNT ®lms described here are believed to meet
the criteria for crystalline quality required for nonlinear optical and electrooptical devices.
In many works, the deposition of highly c-axis
oriented LN or LT ®lms on Si has been achieved only
by using SiNx [23], Al2O3 [17], LT [12] or SiO2 [14]
buffer layers or an additional electric ®eld applied
normal to the substrate during ®lm growth [15,18,24].
In other cases, fused silica [24] or a thick (1800 nm)
SiO2 layer [2] were used for the same purpose. In
contrast, in our study, highly c-axis oriented LNT ®lms
were fabricated on Si with both a native thin and
thermally grown thick SiO2 substrates.
3.2. Interface and chemical composition
From SEM and TEM analyses, it can be found that
the majority of LNT ®lms exhibited the columnar
growth mode. The crystallites observed con®rmed the
strong c-axis orientation, although the in-plane alignment was random for different grains. Also, no secondary phase was detected by TEM near the interface
vicinity, although some amount of amorphous phase
was found between LNT grains, implying that growth
and annealing conditions can be further optimized.
Fig. 4a shows a cross-sectional TEM micrograph
revealing the interface structure of LNT ®lm on silicon
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intermediate layer of 5±10 nm in thickness has been
reported by Lee and Feigelson [16] for their MO
CVD-fabricated LN ®lms on SiO2/Si substrates.
Fig. 4b shows the variation of Si, Nb and Ta
contents across the interface of the same sample, as
measured by EDS analysis; amorhpous SiO2, amorphous LNT/SiO2 and crystalline LNT areas are separated by dashed lines, corresponding to those in
Fig. 4a. As is evident, Si, Nb and Ta atoms are
distributed in accordance with the diffusion pro®les
shown in Fig. 4b. As the accuracy of this analytical
method is approximately 5 at.%, it can be considered that LiNb1 x Tax O3 ®lms with Ta content
x  Ta= Nb  Ta close to 0.5 were fabricated, which
is in good agreement with our previous results on
sapphire substrates [8,20,21].
In order to clarify the structure of the interface
between the LNT ®lm and the surface of Si substrate
in more detail, a thorough HR TEM examination was
performed. The HR TEM micrograph of Fig. 5 shows
the detailed structure of the part of the intermediate layer consisting of SiO2 and LNT, according to
Fig. 4b. Although the intermediate LNT/SiO2 layer

Fig. 4. (a) Typical cross-sectional TEM micrograph showing the
interface between the 170 nm thick LiNb0.5Ta0.5O3 ®lm deposited
at R  4 ml=min for 1 min onto the Si(1 0 0) substrate without the
previously formed SiO2 cladding interlayer. (b) Variation of Si, Nb
and Ta contents across the interface of the same sample, as
measured by EDS analysis; SiO2, amorphous LNT/SiO2 and
crystalline LNT areas are separated by dashed lines.

substrate with native SiO2 only. A number of layers
with distinct boundaries are visible, namely, amorphous SiO2, an amorphous LNT/SiO2 intermediate
layer and the crystalline LNT ®lm itself. It should
be noted that a very similar interface structure was
observed for a ®lm deposited onto a Si(1 0 0) wafer
covered with a 600 nm thick SiO2 cladding layer (or
700/900 nm thick), where an amorphous intermediate
layer of 30±35 nm between the SiO2 and LNT crystalline ®lm was also found. This implies that the SiO2
thickness does not affect the thickness of such an
intermediate amorphous layer, which is in accordance
with the results described above. A similar amorphous

Fig. 5. A cross-sectional HR TEM image for the LiNb0.5Ta0.5O3
®lm deposited onto a Si(1 0 0) substrate with a native SiO2 layer.
Only interface areas including Si, SiO2 and the amorphous
intermediate layer of approximately 30 nm are shown. One large
and two smaller LNT crystallites within the latter are depicted with
white arrows.
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mainly has an amorphous nature, some crystalline
LNT grains can be found there, as shown in Fig. 5.
Note that the larger crystallite on the right-hand side
of Fig. 5 appears to have a direct relationship with the
amorphous SiO2 cladding layer, implying that, under
some conditions, there could be a direct growth of
LNT crystalline ®lm on amorphous SiO2 layer without
any amorphous intermediate layer. This is not in
keeping with the results of Lee and Feigelson [16],
but agrees well with those of Ghica et al. [10], whose
PLD-fabricated LN ®lm cross-sectional TEM revealed
no amorphous intermediate layer within the interface.
While Lee and Feigelson assumed that some Li atoms
existed within the LN/SiO2 intermediate layer, in this
study, LNT crystallites were clearly observed to be
included in the interlayer mentioned above. It is
believed that better control of this layer thickness
and structure will positively affect the LNT ®lm
quality and properties.
The hexagonal c-lattice parameter for the LNT
®lms calculated from the XRD patterns (based on
Ê , which
the (0 0 6)-planes) was equal to 13.81±13.83 A
is close to the datum for the bulk LiNb0.5Ta0.5O3
Ê , PDF No. 38-1252). Our results for the
(13.815 A
LNT c-parameter are in reasonable agreement with

those of Cheng et al. [7], who reported c  13:84 A for
the sol±gel-derived LiNb0.5Ta0.5O3 ®lms on Si(1 1 1)
substrates, although they differ from the results of
Bornand et al. [14], whose pyrosol-deposited LT ®lms
on Si(1 1 1) were weakly compressed along the c-axis.
Note that TPS-CVD-fabricated epitaxial LiNb0.5Ta0.5O3 ®lms on (0 0 1) sapphire had smaller c-paraÊ , which is believed to be due
meters of 13.75±13.77 A
to the effect of planar tensile stress resulting from the
difference in the thermal expansion coef®cients of the
®lm and substrate [8,20,21].
3.3. Film thickness and surface morphology
For LNT ®lms deposited at liquid feeding rates
R  4 and 8 ml/min, the growth rates estimated from
cross-sectional SEM images were the values of 160±
180 and 300±340 nm/min, respectively.
SEM and AFM surface images of mirror-like LNT
®lms on SiO2/Si substrates revealed that their surface
did not contain any cracks or other serious defects. The
LNT ®lm surface morphology for the sample deposited at Tsub  570 C and R  4 ml=min for 1 min,

Fig. 6. Surface morphology of the 170 nm thick LiNb0.5Ta 0.5O3
®lm deposited at R  4 ml=min for 1 min onto Si(1 0 0) substrate
with previously formed 900 nm thick SiO2 buffer layer. Tsub 
5708C; (0 0 6) rocking curve FWHM value 4.28C; rms roughness
14 nm.

observed by AFM, is presented in Fig. 6. However,
as demonstrated in our previous works [8,20], the
roughness of the high-growth-rate-deposited LNT
®lms by TPS CVD is somewhat higher than that of
the LN and LT ®lms with the best surface. Therefore,
further experimental studies on nucleation and growth
mechanisms are necessary in order to decrease the
grain size and improve the surface morphology of
the LNT ®lms produced. As it was reported previously
[16,25] the source material input R increase may lead
to some reduction in grain size, which, in principle,
can make the ®lm surface smoother by decreasing
the depth of grain-boundary grooves. It implies that
controlling the growth rate (source feeding rate) may
be a key factor in varying the LNT ®lm surface
morphology.
3.4. Refractive index
Fig. 7 shows the refractive index dependence on
wavelength, evaluated from the ellipsometric measurements of the approximately 300 nm thick ®lm,
deposited at R  8 ml=min for 30 s onto a Si(1 1 1)
substrate covered with a SiO2 cladding layer on the
order of 700 nm thickness. After deposition, the ®lm
was in situ annealed by oxygen plasma at 5758C for
5 min. Its (0 0 6) rocking-curve FWHM value was
approximately 4.28. Ellipsometric method does not
allow the separation of the two indices of anisotropic
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Fig. 7. Refractive index for a 300 nm thick LiNb0.5Ta0.5O3 ®lm
deposited onto a SiO2/Si(1 1 1) substrate (oxide thickness about
700 nm) at R  8 ml=min, measured by spectroscopic ellipsometry.

LNT material, no (ordinary index) and ne (extraordinary index), which are in the direction normal to the caxis and along the c-axis, respectively.
For the crystal composition LiNb0.5Ta0.5O3, experimental values of the refractive indices have not been
reported so far. Xue et al. [26] calculated the refractive
indices of LiNb1 x Tax O3 for the crystal compositions
(x  0:81, 0.92, and 0.97) for which experimental
values have already been reported [27]. From their
linear ®t, the numerical dependence of no on the Ta
content can be derived to be no  2:23 0:19x, which
gives 2.135 for x  0:5 (note that the equation gives
the no value at:l  1064 nm).
It should be mentioned that, in general, the refractive index is mainly in¯uenced by the crystallinity and
density of the ®lm. Therefore, somewhat lower indices
of the ®lm suggest the presence of amorphous or not
well-crystallized regions in this sample, which is in
agreement with the TEM observations. However, this
result is rather promising, considering that the crystallinity and density of TPS-CVD-fabricated ®lms can
probably be improved by using better deposition
temperature control, in situ annealing conditions
and controlling the thickness and structure of the
amorphous intermediate layer.
4. Conclusions
For the ®rst time, lithium niobate-tantalate ®lms
with the composition LiNb0.5Ta0.5O3 and with very
high c-axis orientation have been grown on both
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(1 0 0) and (1 1 1) Si substrates by the thermal plasma
spray CVD method. The intermediate SiO2 cladding
layer thickness was revealed to have no effect on
®lm orientation and crystallinity. It has been demonstrated that substrate temperature is the key factor
in¯uencing ®lm orientation and crystallinity; the ®lm
direction could be varied from (0 0 6) to (0 1 2) by
controlling the deposition temperature. The c-axis
orientation appears to result from the growth-rate
anisotropy effect. Under optimal growth conditions,
97% c-textured ®lms could be grown on both thick and
very thin intermediate SiO2 layers. Further experimental studies on nucleation and growth mechanisms
are necessary in order to decrease the grain size and
improve the surface roughness of the LNT ®lms
produced. It is believed that better deposition temperature control and optimal annealing conditions
can improve the LNT ®lm crystallinity and optical
properties. c-Axis oriented LNT ®lms may be very
useful in integrated optical devices, pyroelectric
devices, and metal-ferroelectric-semiconductor nonvolatile memory applications.
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