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ABSTRACT
An in-built internal field of 5 KV/nim was measured in Z-cut LiTaO3 single crystals in the direction of the original
polarization. This was reflected in the asymmetry (along the field axis) in the polarization hysteresis curve as a function of
external electric field. Measurement of internal field as a function of crystal thickness revealed that the internal field is a
volume effect. Using infrared absorption measurements, the spectrum of the hydroxl ions (Off) present in these crystals

was measured at room temperature. The shape of the spectrum changes with polarization reversal in these crystals
indicating a strong correlation with the direction of internal field with respect to the polarization direction. It suggests that
the origin of internal field lies in point defect complexes involving Off ions.
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1. INTRODUCTION

Lithium tantalate is of interest for surface acoustic wave devices, piezoelectric devices, and in non-linear optical
applications due to its large non-linear optical coefficients' and photorefractive damage resistance.2' Here we report the
presence of an in-built internal field in poled Z-cut LiTaO, crystals, which strongly influences the electric field switching of
domains in these crystals.

Built-in internal fields have been reported in ferroelectric crystals such as ZT4'5 BaTiO,,6'7 and TGS8. In PZT,
doping experiments have shown that internal fields are of dipolar nature consisting of acceptor impurity atoms, such as K'
or Na' at p2 sites or
Fe' or M' at (Zr, Ti)4 sites coupled to a neighboring oxygen vacancy. Similar effects have

been observed by doping Mn', Cr', Al' and Ni' in Ti4 sites in BaTiO, crystals where impurity atoms-oxygen vacancy
defect complexes have been found responsible for internal fields in the crystal. We show that in undoped LiTaO, crystals,
similar internal fields exist. The origin of these fields is experimentally shown to be a volume effect. Further, we present
experimental evidence that suggests that hydroxl ions (Off) present in LiTaO, crystals are related to the origin of these
fields.

2. POLARIZATION HYSTERESIS MEASUREMENTS

The LiTaO, crystals used in this study were obtained from Yamaju Ceramics Inc., Japan. The as-purchased
"virgin crystals" were Z-cut single crystals, of congruent composition, and were single domain. The polarization of these
crystals was reversed by applying a dc field across the crystal thickness.9 Liquid electrodes (0. 1 gmlmL of magnesium
nitrate in water) were used as contacts and voltage was ramped at 20 V/sec.

During the poling process, the rate of change of polarization with time gives rise to a transient current of
d(2PA)/dt where P is the spontaneous polarization (50 pC/cm2) , A is the poled area in the Z-plane and t the time. The
hysteresis loop was obtained by the time integration of this current. If the polarization is reversed from
to -P , the
total change in polarization is 2P and the total charge after complete polarization reversal obtained from the integrated
current is 2PS.A . Real-time integration of the transient current was thus used to detect the progress and completion of the
poling process.

Figure 1 shows the polarization hysteresis curve for a virgin 0.5 mm thick LiTaO3 single crystal at room
temperature. The crystal was cycled from its initial polarization state I, through 180° to state II and then back to state I.
For convenience we shall denote poling from state Ito II as forward poling (subscript f) and from II to I as reverse poling
(subscript r).
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The large asymmetry in the loop about the field axis indicates the presence of an internal field, Emt. The
magnitude of this field can be determined as (E'- Er)I2 5 KV/fffffl. This is shown schematically by an arrow in Fig. 1 . In
the virgin crystal, this field is aligned along the polarization direction ofthe crystal. Hence, the forward poling field is Ef =

E+

where E is the intrinsic coercive field of the crystal. At room temperature, when the polarization direction is
reversed to state II, the internal field is still pointing in its original direction on the time scales of this experiment (order of
minutes). Hence, the reverse poling field is given by Er= E Ejnt . The intrinsic coercive field can be calculated as E = (E'+ Er)12 16 KV/IflIfl. It should be noted that the presence of internal field has been seen in all the LiTaO3 crystals obtained
from the manufacturer, irrespective of crystal batch or different pieces from the same wafer.
3. THE NATURE OF INTERNAL FIELD

There are two possible origins of internal field in LiTaO3 crystals: (a) surface origin, (b) bulk origin. We shall
show below that the internal fields observed in LiTaO3 crystals is of bulk origin.

The possibilty of surface charge accumulation giving rise to internal fields arises as follows: In a single domain
LiTaO3, depolarization charges build up at the C- and C+ surfaces. To compensate these, compensation charges must
appear at the surface either from atmosphere or due to the conductivity of the sample. Thus, a space charge will build up in
the crystal up to a Debye length below the crystal surfaces. The Debye length (LD )for the space charge buildup at the
surface is given by

LD / (2.q2.C)

(1)

where s is the dielectric constant, k, the Boltzmatm constant, T is the temperature, q is the charge, and Cc is the bulk
concentration of charges. In pure LiTaO3 crystals, impurity defects are in the range of ppm concentration at room
temperature. The Debye length is therefore of the order of nanometers. For higher defect concentrations, the Debye length
is even smaller. Thus, if the internal field is of surface origin, removal of depth of the order of microns from the crystal
surface (C+ or C-) should cause the internal field to disappear.

Figure 2 shows the poling voltages as a function of crystal thickness for a virgin crystal. The crystal thickness was
varied from 500 j.tm to 250 j.tm by polishing the crystal surfaces using SiC and Al203 powders with water as a medium.
The internal field
was found to be constant with crystal thickness as seen from the constant slope of the curve (5.2
Ky/mm), which is close to the measured internal field of 5 Ky/mm. This observation was independent of which surface
(C+ or C-) was removed. Further, if the internal field is due to charges within a Debye length of the surface, the field
should be inversely proportional to the thickness of the sample'° contrary to our observations. The above discussion leads
us to conclude that the internal field is a volume effect. We shall now discuss hydroxyl ions as a possible source of this
volume effect in LiTaO3 crystals.

4. HYDROXYL IONS AND THE ORIGIN OF INTERNAL FIELD

Even nominally pure crystals of closely structurally related LiNbO311 can have up to iO' /cm3 of OH ions (we
have observed similar internal fields in LiNbO3 crystals also which shall be reported elsewhere). Here we report infrared
absorption measurements of the hydroxyl ions in LiTaO3 crystals, which suggest that they may be responsible for the origin
of internal fields in LiTaO3 crystals.

Figure 3 shows the comparison of the infrared absorption spectrum of the virgin crystal (state I in Fig. 1) of
LiTaO3 with the spectrum for a room temperature polarization reversed crystal (state II in Fig. 1). The spectrum was taken
by transmitting an unpolarized infrared beam parallel to the z-axis ofthe crystal. There is a clear change in the shape of the
absorption spectrum. It has been suggested in literature on hydroxyl ions in LiNbO3 that this spectrum is composed of

two,'2 three,'3 or even four'4 different absorption bands. Since the hydroxyl ions align along the 0-0 bonds in the
octahedral planes, the band frequencies correspond to different 0-0 bond lengths and their surroundings in the octahedral
plane of the LiNbO, crystals. We obtained best fits using three absorption bands, each composed of a combination of
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Gaussian and Lorentzian lineshapes. The relative intensities of these bands change considerably with polarization reversal,
as seen in Fig. 3.

5. DISCUSSION
From our earlier results of hysteresis measurements, it is clear that the only difference between a virgin crystal in
state I and a polarization reversed crystal in state II is that (a) In a virgin crystal, the direction of internal field is parallel to
the polarization direction, and (b) In a room temperature polarization reversed crystal, the direction of internal field is
antiparallel to the polarization direction. This combined with the results for hydroxl ion spectra in Fig. 3 suggests that the
origin of internal field is possibly related to the presence of hydroxyl ions in LiTaO3 crystals.

However, it is known that the hydroxl ions are oriented perpendicular to the polarization direction in LiNbO3
crystals.'3 If similar situation is expected for LiTaO3 crystals, then hydroxyl ions cannot by themselves be responsible for
the internal fields parallel (or antiparallel) to polarization direction in these crystals. However, they can form complexes

with other point defects to give rise to internal fields. Schinner et al.'5 conclude that in congruent LiNbO3 crystals,
niobium antisites (Nbr )4+ and niobium vacancies (V)5 dominate. Similar situation is expected in congruent composition
of LiTaO3 (48% Li and 52% Ta), where tantalum vacancies (VTh)5 and tantalum antisites (Ta)4 are the dominant
defects16 at room temperature. Hence, it is proposed that the origin of internal field in congruent LiTaO3 (and LiNbO3)
crystals at room temperature is due to defect complexes involving tantalum (or niobium) vacancies, tantalum (or niobium)
antisites, and hydroxyl ions (Off).
6. CONCLUSIONS

Internal fields of 5 KV/mm have been measured parallel to the polarization direction in the as-purchased single
domain Z-cut LiTaO3 crystals. These fields has been shown to be a volume effect and independent of crystal thickness.
Infrared absorption measurements indicate that the origin of these fields is related to the presence of hydroxl ions in these
crystals. We propose that the origin of internal field in congruent LiTaO3 crystals at room temperature is due to defect
complexes involving tantalum vacancies, tantalum antisites and hydroxyl ions (Off).
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Fig. 1. Experimental polarization hysteresis curve ofZ-cut LiTa0 crystals as a function of external electric field.
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Fig. 2. Difference in poling voltages for "forward" (Vf) and "reverse" (Vr) poling as a function of crystal thickness for a Z-

cut LiTaO3 crystal. The slope of the linear fit (solid line) to experiment (circles) gives the internal field (5.2 Ky/mm).
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Fig. 3. Infrared absorption spectra of hydroxyl ions (O}f) in Z-cut LiTaO3 for (a) as-purchased "virgin" crystals (b) room
temperature polarization reversed crystals. The circles are experimental points and solid lines are fits based on three subbands model.
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