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Abstract
Lithium niobate and tantalate are among the most important and widely used materials of acoustooptics and acous-
toelectronics. They have high piezoelectric constants enabling their use as actuators. Their use is however restrict-
ed by the thermal instability of lithium niobate crystals and the low Curie temperature TC of lithium tantalate crys-
tals. Overcoming these drawbacks typical of some compounds is possible by growing LiNb1-xTaxO3 single crystals. 
Good  quality  LiNb1-xTaxO3 single crystals have been grown using the Czochralsky technique. High-temperature pol-
ing process of LiNb1-xTaxO3 single crystals has been studied. The main differences between the process modes required 
for poling of congruent LiNb1-xTaxO3 single crystals and congruent LiNbO3 single crystals have been demonstrated. 
Parameters of high-temperature electric diffusion processing of LiNb1-xTaxO3 single crystals that provide for singledo-
main crystals for further study of physical properties have been reported.

Keywords
lithium niobate, lithium tantalate, ferroelectric crystals, high-temperature single domain poling process, crystal growth, 
actuators.

1. Introduction

The development of acoustooptic devices for real time 
transmission and processing of acoustic signals is mainly 
fueled by the search for new materials having good acous-
tic properties [1–3]. From this viewpoint of great interest 
are ferroelectric crystals of LiNbO3 and LiTaO3. These 
materials have high piezoelectric constants enabling their 

use as actuators [4–6]. Their use is however restricted by 
the thermal instability of lithium niobate crystals and the 
low Curie temperature TC of lithium tantalate crystals. 
Growing LiNb1-xTaxO3 single crystals will help eliminat-
ing these drawbacks typical of some compounds.

Growth of LiNb1-xTaxO3 solid solution single crys-
tals was dealt with earlier [7–9]. However obtaining 
good quality LiNb1-xTaxO3 single crystals for further 
study of physical properties failed. All attempts to 
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grow LiNb1-xTaxO3 single crystals yielded crystals with a 
large number of defects, e.g. cracks, twins, gas inclusions 
and pores.

Results for Czochralsky growth of LiNb1-xTaxO3 single 
crystals were reported [10] and the size and quality of the 
crystals enabled a study of their structure and physical 
properties. Ferroelectric LiNb1-xTaxO3 single crystals 
were grown by the Czochralsky method. However during 
their growth a poly-domain crystal formed which is 
energetically favorable for ferroelectric crystals. For the 
formation of a single-domain crystal the as-synthesized 
poly-domain crystal is heated to the Curie temperature 
and an electric field is applied along the polar Z axis of 
the crystal thus achieving the single-domain state. It 
is worth mentioning that the Curie temperatures differ 
between compounds of the LiNbO3–LiTaO3 system [10]. 
TC for stoichiometric LiNbO3 crystals is 1190 °C while 
for stoichiometric LiTaO3 crystals it is 660 °C. These 
differences in TC should be taken into account during 
the poling process, in order to obtain single-domain 
LiNb1-xTaxO3 crystals.

Thus studying the properties and technological modes 
of thermoelectric processing for achieving the defect-free 
unipolar state of LiNb1-xTaxO3 crystals for different ratios 
of the isomorphic cations Nb/Ta is an important task. The 
most interesting and complex task is poling of solid solu-
tion crystals with a 1 : 1 ratio of the isomorphic cations 
into a single-domain state because their high-temperature 
poling process parameters will differ strongly from those 
of the edge-composition LiNbO3 and LiTaO3 compounds.

2. Growth of LiNb1-xTaxO3 crystals

LiNb0.5Ta0.5O3 crystals were grown using the Czochrals-
ky technique in a modified induction heated NIKA-3M 
plant with automatic crystal diameter control. The crys-
tals were grown in a 60 mm diam. and 60 mm high plati-
num crucible by pulling along the polar Z axis. The Curie 
temperature of the LiNb0.5Ta0.5O3 crystals, at which the 
paraelectric phase transits into the ferroelectric phase, 
ranges from 607 to 1190 °C and depends primarily on the 
Nb/Ta cation ratio.

Small good quality LiNb0.5Ta0.5O3 crystals were 
grown. Figure 1 shows the appearance of an as-grown 
LiNb0.5Ta0.5O3 crystal. The diameter of the cylindrical 
part of the crystal varied in the 12–14 mm range, the 
length of the cylindrical part was 14 mm.

3. High-temperature poling 
treatment of LiNb1-xTaxO3 crystals

The as-grown LiNb1-xTaxO3 crystals are poly-domain 
ones because this condition provides for the minimum 
energy of the polar crystals. However, single crystals with 
a perfect crystalline structure are used in acoustoelectro-

nics. One should therefore carry out the poling proces of 
the as-grown crystals which is the key post-growth ope-
ration. The aim of this operation is to achieve a unipolar 
state of the crystal and eliminate micro- and macrodefects 
in the structure of the ferroelectric LiNb1-xTaxO3 crystals 
by implementing electric diffusion processes.

The process modes and properties of high-temper-
ature poling treatment of congruent undoped LiNbO3 
and LiTaO3 single crystals were described earlier, e.g. 
[11–13]. Poling process in congruent doped LiNbO3 sin-
gle crystals were also studied in detail [14, 15]. Since 
pore- and crack-free LiNb1-xTaxO3 single crystals cannot 
be grown there are no literary data on the process modes 
of high-temperature poling procedure for these crystals. 
Before poling the crystal was butt-machined and ground 
at the bottom and top surfaces in order for the crystal sur-
face to have no deviation from planarity. High-tempera-
ture electric diffusion processing was conducted in a soft-
ware controlled furnace. An Alundum ceramic pad with 
a plate-shaped platinum electrode was placed into the 
furnace chamber. A ground plane-parallel LiNbO3 plate 
was placed onto the electrode in order to avoid electrode 
soldering to the crystal and provide for the best possible 
contact between the electrode and the crystal. Then the 
test LiNb0.5Ta0.5O3 crystal was placed onto the plate and 
one more plane-parallel LiNbO3 plate was placed onto 
the test crystal. Finally a plate-shaped platinum electrode 
was placed onto the plate and the electrodes were con-
nected to a power source.

Figure 2 (Curve 1) shows schematic of congruent 
LiNb0.5Ta0.5O3 crystal poling process mode in an elec-
tric field taking into account the crystal dimensions and 
TC ≈ 900 °C. The standard mode for congruent LiNbO3 
crystals was used, which consisted of several stages:

–  heating to ~1000 °C and exposure for ~30 min at 
~1000 °C;

–  connection of bias and specimen exposure for 
~30  min;

– cooling under bias at a 100 K/h rate to ~800 °C;
– bias disconnection and further cooling to room tem-

perature at the same cooling rate.
The positive electrode of the power source was con-

nected to the bottom part of the crystal, i.e., the one clos-

Figure 1. LiNb0.5Ta0.5O3 crystal grown along the polar Z axis.
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er to the end of the as-grown crystal, and the negative 
electrode was connected to the crystal’s top part which 
is closer to the seed. The poling current was chosen 
so the current density on the contact surface is within  
2 mA/cm2. The process was conducted in current stabili-
zation mode, the poling current being 1 mA.

Studies of the macro- and microdefect structure of the 
crystals were conducted with an optical method using Hi-
rox KH-8700 laboratory microscope. The specimens after 
high-temperature thermoelectric processing were ground, 
polished and chemically etched at room temperature for 2 
h in hydrofluoric acid (HF). Figure 3  a shows the micro-
structure of the top portion of the single crystal specimen 
which contained discrete multifaceted micro-domains 
with opposite signs, indicating a high degree of unipo-
larity of the domain structure. Figure 3  b shows the mi-
crostructure of the bottom portion of the single crystal 
specimen which remained a poly-domain one indicating 
that much more energy and time should be spent for the 
complete poling of the LiNb0.5Ta0.5O3 crystal.

Figure 2 b shows schematic of the poling process 
adapted to LiNb0.5Ta0.5O3 crystals. The main differences 
from the conventional process were as follows:

–  the duration of exposure under bias was chosen tak-
ing into account crystal dimensions (for specimens up to 
20 mm in diameter and up to 30 mm in length the bias 
exposure duration was 30 min);

–  the exposure temperature for LiNb0.5Ta0.5O3 sol-
id solution crystals was chosen based on the LiNbO3–
LiTaO3 system phase diagram [7] (for more effective 
solid state electrolysis one should increase the exposure 
temperature to ТС + 150 °C);

–  poling currents were chosen empirically so the cur-
rent density on the contact surface is within 2 mA/cm2. 
For a Nb/Ta cation ratio of 1, the initial electric field mag-
nitude on the crystal surface should be at least 10 V ∙ cm–1 
(the poling current is ~2 mA). Lower currents do not pro-
vide for the complete poling of the LiNb0.5Ta0.5O3 crys-
tals. Connection to bias at sufficiently high temperatures 

leads to solid state electrolysis of the crystal which fa-
vors the redistribution of intrinsic and extrinsic elements 
across the crystal;

–  the cooling rate of the crystal under bias should be 
within 40 k/h for small crystals and within 25 K/h for 
larger crystals;

–  the temperature at which bias is disconnected should 
be such that the current passing through the crystal at this 
voltage is close to zero. Otherwise this will initiate in-
verse repolarization with the formation of micro-domains 
as illustrated in Fig. 3 b.

Figure 4 a shows the microstructure of the top part of 
the LiNb0.5Ta0.5O3 single crystal specimen after adapted 
poling process. By analogy with the conventional poling 
process the microstructure contained a small quantity of 
discrete domains with opposite signs which could not 
be repolarized. Most likely these domains attached to 
the defect structure of the crystal. Figure 4 b shows the 
microstructure of the bottom part of the LiNb0.5Ta0.5O3 
single crystal specimen after adapted poling process. 
One can see a more homogeneous domain structure in 
comparison with that after the conventional process. 
The microstructure contains discrete multifaceted mi-
cro-domains sized up to 30 mm. Furthermore one can 
see microdefects in the form of dark spots and strips 
sized above 100  mm for which the chemical etching rate 
differs from that for the crystal matrix. This fact indi-
cates that the bottom part of the single crystal specimen 

Figure 2. Congruent LiNb0.5Ta0.5O3 crystal poling process 
mode: (1) conventional mode used for congruent lithium niobate 
crystals taking into account crystal dimensions and TC ≈ 900 °C; 
(2) poling process mode adapted to LiNb0.5Ta0.5O3.

Figure 3. Microstructure of LiNb0.5Ta0.5O3 crystal after con-
ventional poling process: (a and b) top and bottom portions of 
single crystal specimen.
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contains phases with a variable composition differing 
from that of the LiNb0.5Ta0.5O3 phase.

4. Conclusion

Small good quality ferroelectric crystals of the complex 
composition LiNb0.5Ta0.5O3 were grown. The properties 

of high-temperature poling process of LiNb0.5Ta0.5O3 
single crystals were studied. The main differences bet-
ween the process modes required for poling of congruent 
LiNb1-xTaxO3 single crystals and congruent LiNbO3 sin-
gle crystals were demonstrated. Parameters of high-tem-
perature electric diffusion processing of LiNb1-xTaxO3 
single crystals that provide for single-domain single crys-
tals for further study of physical properties were reported.
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Figure 4. Microstructure of LiNb0.5Ta0.5O3 crystal after adapted poling process: (a and b) top and bottom portions of single crystal 
specimen.


