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Abstract. Lithium tantalate thin films (LiTaO3) with (50:50) stoichiometry were prepared by spin coating method
using a polymeric organic solution. The films were deposited on silicon (100) substrates with 4 layers. The substrates
were previously cleaned and then the solution of lithium tantalate was deposited by adjusting the speed at 5000 rpm.
The thin films deposited were thermally treated from 350 to 600◦C for 3 hours in order to study the influence of the
thermal treatment temperature on the crystallinity, microstructure, grain size and roughness of the final film. X-ray
diffraction (XRD) results showed that the films are polycrystalline and secondary phases free. The thickness of
films was observed by scanning electron microscopy (SEM). The atomic force microscopy (AFM) studies showed
that the grain size and roughness are strongly influenced by thermal treatment.
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1. Introduction

Lithium tantalate, LiTaO3, is a leading electro-optical
material for active waveguides [1], surface acous-
tic wave devices [2], holographic storage [3] and
electro-optic deflectors [4] because it has large non-
linear optical coefficients, a high Curie point, a high
electro-optic coefficient and excellent acousto-optic
coefficient [5]. The performance of devices crafted
from the bulk crystal is limited by the geometrical
factors, size and thickness, rather than by the material
properties. Therefore, the availability of this material
in a high quality thin film form would increase its
potential and open new areas for its application
[6].

Recent progresses in ferroelectric thin-film tech-
nologies have produced a number of processes to pre-
pare epitaxial or highly oriented ferroelectric thin films
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for fabricating non-volatile memories, optoelectronic
devices, miniature capacitors or surface acoustic wave
devices [7]. The deposition of high-quality thin films
is important to the fabrication of integrated electro-
optic devices. Amorphous lithium tantalate films on
a glass substrate [8], epitaxial films on sapphire sub-
strates [9] and polycrystalline films on silicon or plat-
inum substrates [6] have been grown by a large va-
riety of physical and chemical deposition techniques
such as chemical vapor deposition (CVD) [10], liq-
uid phase epitaxy (LPE) [11], chemical beam epitaxy
(MBE) [12], r. f. sputtering [13] and pulsed laser de-
position (PLD) [14]. Most of these techniques, how-
ever, are not only expensive but also involve difficult
stoichiometric quantification and complex equipment.
Sol-gel processing [5], a solution-based method, is in-
teresting due to the easier production of low cost, large
area thin film. However, the commonly used alkoxide
precursors to produce LiTaO3 films by sol-gel meth-
ods are highly reactive and require careful control of
the hydrolysis-condensation reaction.



354 González et al.

The polymeric precursor process is an attractive
method to prepare thin films, offering some advantages
over other methods, such as accurate stoichiometric
control, good compositional homogeneity, use of aque-
ous solution, high purity, low-temperature processing
and low cost. For these reasons, the aim of the present
study was to prepare high-quality LiTaO3 thin films
from polymeric precursor method. Subsequently, sev-
eral studies were performed to verify the effect of ther-
mal treatment on the crystallization process and mor-
phology of the deposited films.

2. Experimental Procedure

Lithium and tantalum precursor solutions were pre-
pared separately by polymeric precursor method. This
method is based on metallic citrate polymerization with
use of ethylene glycol. A hydrocarboxylic acid, such
as citric acid, is used to chelate cations in aqueous so-
lution. The addition of a glycol, such as ethylene gly-
col, leads to organic ester formation. Polymerization,
promoted by heating the mixture, results in a homo-
geneous resin in which metal ions are uniformly dis-
tributed throughout the organic matrix. Lithium car-
bonate, Li2CO3, (Montedison) and tantalum ethoxide,
Ta(OC2H5)5, (Alfa Aesar) were used as raw materials.
Figure 1(a) and (b) show the preparation schemes for
lithium and tantalum solutions.

Fig. 1. Flow chart for the preparation of (a) lithium and (b) tantalum precursor solutions.

The lithium tantalate solution was obtained by mix-
ture of individual solutions. Thermogravimetry (TG)
and differential thermal analyses (DTA) of this solution
were carried out to follow the decomposition and crys-
tallization processes. Both analyses were performed on
a Netszch Simultaneous Thermal Analyzer, from room
temperature to 1100◦C using a heating rate of 5◦C/min
in static air.

To deposit the films the viscosity of the lithium
tantalate solution was adjusted at 20 cP by adding a
controlled amount of deionized water. Silicon (100)
substrates were cleaned with Extran solution (Merck)
prior to use. Lithium tantalate films with 4 layers were
deposited on substrates by spin coating method at a
rotation speed of 5000 rpm for 30 s. Then, the thin
films were thermally treated using a two-step heat
treatment. A preheating at 300◦C for 1 h with heating
rate of 2◦C /min was used to eliminate water and excess
ethylene glycol, and promote the polyesterification
process. After that, the films were heated from 350◦C
to 600◦C for 3 h with heating rate of 5◦C /min to reach
the crystallization stage.

The crystallization process of the prepared films
was analyzed by X-ray diffraction (XRD) using X-ray
diffractometer (Rigaku Gergenfex, RINT2000 vertical
goniometer). The film surface morphology was
observed with an atomic force microscope (Digital
Instruments Nanoscope IIIA). A scanning electron
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Fig. 2. TG (a) and DTA (b) curves of lithium tantalate solution.

microscope (Zeiss 940 A) was used to determine the
thickness of films.

3. Results and Discussion

To define with accuracy the temperature that begins
the crystallization process, a thermogravimetry-
differential thermal analysis was performed. The
thermal decomposition of the lithium tantalate solu-
tion is illustrated in Fig. 2. The TG curve, Fig. 2(a),

Fig. 3. XRD patterns of 4-layered LiTaO3 thin films deposited on silicon (100) and thermally treated at: (a) 350◦C/3h; (b) 400◦C/3h;
(c) 450◦C/3h; (d) 500◦C/3h; (e) 550◦C/3h; (f) 600◦C/3h.

indicates an overall weight loss of 56% between 25
and 740◦C. This weight loss is due to the dehydration
and decomposition of organic matter. The DTA curve,
Figure 2(b), shows an exothermic process at 510◦C.
The pronounced and sharp peak is related to the crys-
tallization of the LiTaO3 phase. This will be confirmed
by XRD analysis of the deposited thin films.

Figure 3 shows the θ -2θ scans, ranging from 20◦ to
65◦, of the LiTaO3 thin films annealed from 350◦C to
600◦C for 3 hrs. The results revealed that the films heat
treated between 350 and 450◦C were still amorphous.
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For the thin film heat treated at 500◦C, the correspond-
ing XRD data exhibit diffraction peaks belonging to the
formation of LiTaO3, which suggests the beginning of
crystallization.

At this temperature the organic compounds were
already gradually decomposing. A correlation be-
tween the process of phase crystallization and or-
ganic fraction elimination is therefore evident. Heat-
ing the thin film at 600◦C leads to a highly crystalline
phase.

The fact that no preferential orientation is ob-
served indicates that the films are polycrystalline. There
are significant difficulties for the growth of oriented

Fig. 4. AFM images of 4-layered LiTaO3 thin films deposited on silicon (100) and thermally treated at: (a) 400◦C/3 h; (b) 500◦C/3 h;
(c) 600◦C/3 h.

LiTaO3 films on silicon substrates due to the following
reasons.
(1) LiTaO3 has the hexagonal (rhombohedral) symme-

try while Si crystallizes with the cubic structure
[7]. These geometric mismatches are evidently not
suitable for heteroepitaxy.

(2) Stresses at the silicium-lithium tantalate interface
due to differences in the structures as well as in
thermal expansion coefficients can serve as an ad-
ditional factor for the formation of imperfections
and non-oriented growth.

(3) Possible reactions between LiTaO3 and Si can lead,
not only to the production of undesirable phases
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at the thin film/substrate interface, but also to the
diffusion of Si in the film.

Generally, epitaxial growth of thin films is fa-
cilitated by a lattice-matched starting substrate,
as there is a tendency for the substrate to serve
as a template for further crystalline growth of the
film.

All peaks and associated planes represented
in Fig. 3 are in agreement with the crystallo-
graphic data of the LiTaO3 rhombohedral phase, ob-
tained by JCPDS-International Center for Diffraction
Data.

Average grain size and surface roughness of the
LiTaO3 thin films were estimated using a contact
mode atomic force microscopy (AFM). The surface

Fig. 5. Thickness micrographs obtained by SEM of 4-layered LiTaO3 thin films deposited on silicon (100), and thermally treated at: (a) 400◦C/3 h;
(b) 500◦C/3 h; (c) 600◦C/3 h.

morphology of the LiTaO3 thin films thermally treated
at 400, 500 and 600◦C is illustrated in Fig. 4.

The microstructure study revealed that all surfaces
are not only crack-free but also appear relatively
smooth. It was observed that the thin films thermally
treated at 400◦C presented homogeneous surface, how-
ever it is still amorphous. At 500◦C the beginning of the
crystallization process is observed, which is followed
by the growth of spherical grains with homogeneous
grain size at 39, 59 and 102 nm, for temperature of
500, 550 and 600◦C respectively. These results are in
agreement with XRD analyses.

Table 1 summarizes the thickness, roughness and
grain size data of the LiTaO3 thin films prepared by
polymeric precursor method.
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Table 1. Thickness, roughness and grain size of LiTaO3 thin films
deposited on silicon (100) by spin coating method and thermally
treated at different temperatures.

Thermal treatment Thickness Roughness Grain size
(◦C/3h) (nm) (nm) (nm)

350 134 0.2 –
400 130 0.2 –
450 109 0.3 –
500 116 0.3 39
550 127 0.5 59
600 152 0.8 102

To determine the thickness of LiTaO3 thin films,
high-magnification SEM observation (50,000×) was
performed. The roughness data, RMS, were obtained
for an area of 1 µm × 1 µm. Surface roughness was
calculated using the equipment’s software routine.

It can be seen that the thickness of the films
decreased with increasing the annealing tempera-
ture, between 350 and 450◦C, due to the densi-
fication of films. However, as the temperature in-
creased from 450 to 600◦C, both thickness and rough-
ness data of films increased. According to the au-
thors, the change of the film surface texture with
increased heat-temperature would be due to surface
tension effects, which become predominant at high
temperature.

Note that the grain size is mainly influenced by
the temperature of annealing, which explains its vari-
ation according to the thermal treatment performed.
The grain size typically increases with temperature due
to enhanced surface mobility. Species diffusing on the
surface can, therefore, reach growing crystallites re-
ducing the density of nucleating sites. As the density
of the nucleating sites decreases, the grain size should
increase.

In this study, the film heat treated at 600◦C pre-
sented a thicker surface. Also, the surface roughness
of this film was highest. These behaviors are proba-
bly due to a natural thermodynamic process driven by
interface energy-i.e., surface energy of the film and
film-substrate interfacial energy.

Surface morphology and roughness are impor-
tant for many LiTaO3 thin film applications, espe-
cially for waveguides. Several factors may play a
role in the improved surface smoothness of LiTaO3

films, including improved surface kinetics and ener-
getics and a better lattice match between the film and
substrate.

Figure 5 shows the thickness images obtained from
transversal section of thin films thermally treated at
different temperatures. SEM analyses showed that
the film/substrate interface presented a very good
adhesion.

4. Conclusions

Polycrystalline LiTaO3 thin films deposited on silicon
(100) substrates were prepared from polymeric precur-
sor method. In addition to their crystalline structure,
the films exhibited smooth and relatively homogeneous
surface.

The control of temperature during the thermal treat-
ment is an important parameter in the formation of
good-quality thin films since the grain growth and
roughness surface are mainly influenced by the ther-
mal process. When higher temperatures are used, the
decomposition of organic material is faster and an im-
provement of the crystallization phase is noticed. On
the other hand, the surface roughness of the film heat
treated at 600◦C was highest. Stress at the silicium-
lithium tantalate interface due to differences in the
structures as well as in thermal expansion coefficients
probably is the reason for the formation of deteriorated
surface.
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