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An investigation of zirconium substitution in the LiTaO; lattice led to a comprehensive study of
several solid solutions in the Li;O-Ta,0s«Zr0,), phase diagram. Dielectric measurements showed
that the nonstoichiometric phases obtained by cation excesses or deficiencies in LiTaO; were ferro-
electric. The Curie temperature decreased when the composition deviated from LiTaO;.

Lithium tantalate is of great interest as a
pyroelectric and electrooptical material due
to its potential applications: pyroelectric
hybrid focal planes, monolitic pyroelectric
arrays, commercial saw TV/IF filters, pyro-
electric ionization up convectors (1-6). The
possibility of modulating these properties
by cation substitutions has been recently
pointed out (7). They all lead to a decrease
in the Curie temperature of LiTaO; (¢, =
665°C); for example, 510°C for Liggy
Ta; 3505 in the Li,O-Ta,0s system (8);
300°C for LiO.SOCaO,onaO,gong_2003 in the
LiTaO;~CaZrO; system (9); and 205°C for
Lil_ |4Tao.36Ti0. 1403 inthe LizO—TaQOr(TiOz)z
ternary diagram (10).

Our purpose in this paper was to study
the crystallographic and dielectric proper-
ties of some nonstoichiometric LiTaO; de-

rived phases which appear in the Li,O-
Ta,0s~(Zr0,), ternary diagram (Fig. 1).

The structure of the ferroelectric room
temperature variety of LiTaOs; has been de-
termined by Abrahams ez al. (11, 12). The
symmetry is trigonal with space group R3c.
The cations are localized in two-thirds of
the octahedral vacancies of the hexagonal
close packed oxygen sublattice.

The Various Theoretical Types of
Nonstoichiometry

Figure 1 shows the ternary diagram
Li,0-Ta,05~(Zr0,),. The composition lines
investigated are drawn on the diagram:
lines A (LiTaOy-Li;0), B (LiTaOs-
Li,ZrOs), C (LiTaOs-Li,Zr,05), D (LiTaOs—
Li,Zr,Os), E (LiTaOs-Zr,0,), F (LiTaO;—
Ta,Zr,0y), and G (LiTa0s:-Ta;0s).
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Fi1G. 1. The various solid solutions studied in the Li,0-Ta,Os+Zr0,), ternary diagram.

As stoichiometric LiTaO; contains one
cation vacancy for each Os set and no anion
deficit, four ways can be considered for ob-
taining nonstoichiometry:

cation excesses from LiTaO; (U,
M,,,)0; (O = cation vacancies, M = set of
atoms in cation sites);

cation deficits (O;+ M, )0;3;

anion vacancies (OM,)O0;_,A, (A = an-
ion vacancies);

simultaneous anion vacancies and cation
vacancies or cation excesses (.,
MZIX)OS—yAy-

Crystal Chemical Study

The materials are prepared from powder
mixtures of Li,CO;, Ta)Os, and ZrO, by
successive 15-hr heatings at 700 and
1000°C, then 4 hr at 1350°C. The various
heat treatments are separated by grinding.
Weight measurements before and after

each firing allow us to check complete loss
of CO, and the compositional stability of
the sample. The upper limits of each solid
solution have been determined by X-ray
diffraction (see Fig. 1 and Table I).

To define the type of nonstoichiometry
obtained along each line and hence the
structural formulation of the various solid
solutions, we have investigated the varia-
tion of the density vs composition using hy-
drostatic pressure measurements. They all
show that nonstoichiometry appears only
either by cation excesses or by cation defi-
cits. Figure 2 gives, for example, the den-
sity vs composition variation along line F.
From the general theoretical formulation of
the line

Ui+ -1l -, Ta Zr,_,
A X

2

1+1-n
_2 X

O3_3146n- 5D 3/a03n—5)xs

where [J = cation vacancy; A = anionic
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TABLE I

EXPERIMENTAL FORMULAS FOR EACH SoLID SOLUTION IN THE TERNARY DIAGRAM, UPPER COMPOSITION
LIMITS, AND CURIE TEMPERATURES OF THE BORDER PHASES

Upper
vy = stoichiometry Upper limit of 1. per
No. of cations deviation per limit v for border
Line Formulas per unit formula unit formula® of x Xmax phase (°C)

A Li,,, Ta;_,;5s04 2+ 4/5x +4/5x 0.07 0.056 640
B Li,,,Ta;_,Zr,0; 2+ x +x 0.12 0.12 345
C Li4+,Ta;-_s,Zrs0;5 2+ 2x +2x 0.02 0.04 375
D Li;_, Ta,-3,Zr, O, 2 0 0.02 0 590
E Li, ,Ta,-,Zr3;, 04 2 - x/2 —x/2 —0.06 -0.03 580
F Liy_ Ta _nZry,04 2 - 23x —2/3x —-0.09 —0.06 545
G Li;_,Ta;+,50 2 —4/5x —4/5x -0.12 —-0.096 485

@y > 0 for cation excesses; y < 0 for cation deficits.

vacancy; and n = total number of cationic
vacancies, it is obvious that the nonstoi-
chiometry is of the cationic deficit type
(Fig. 2). As n = 5/3 we detect 2x/3 cationic
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F1G.' 2. Variation of the calculated and experimental
densities versus composition for line F: Oy.pon,
Li;— Taz+(1-m2neZr(a-m21x03-34Gn-5:D3140n-5c Where [
= cationic deficit, A = anionic deficit, and n = number
of cationic defects, which may vary from 0 to 3.

vacancies per unit formula; there is no an-
ionic deficit.

The ternary diagram may be thus divided
into four domains (Fig. 1):

the triangle Li,0O-Li;TaO,~Li,ZrO; (ex-
cept line J) cannot contain any solid solu-
tion since the whole area corresponds to a
ratio

cation number
anion number

(one has to remember that the highest pos-
sible value of a is 1);

the domain including lines A, B, and C
correspond to a cation excess from the
LiTaO; composition, but with o < 1;

line D which has the same stoichiometry
as pure LiTaO; (a = %);

the domain including lines E, F, and G
which corresponds to cationic deficit from
LiTa0; (a < %).

The resulting formulas obtained are
grouped in Table 1. The value of y can be
defined as the difference between the num-
ber of cations per unit formula existing in
each solid solution and those observed in
LiTaO; for which y = 0. As the formulation
is M>,,03, a = (2 + y)/3.

All our solid solutions have a trigonal
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F1G. 3. Variation of the unit cell parameters of the various solid solutions vs y at 25°C.

symmetry with a LiTaO;-related structure.
Figure 3 represents the variation of the hex-
agonal unit cell parameters vs y. The ay
and cy parameters all increase when zirco-
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F16. 4. Diameter shrinkage of sample disk vs com-
position for compositions along line B.
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F16. 5. Thermal variation of ; for a ceramic with
Lio s25T20.975Z1 05003 composition (1 kHz).
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nium is introduced in the LiTaO, lattice.
This increase results from the increase of
the cation size as Li* and Ta’* are substi-
tuted by Zr** (rp+ = 0.68 A, rpes+ = 0.68 A,
and rzu+ = 0.79 A with C.N. 6) (14).

Dielectric Study

Ceramic samples have been prepared by
sintering pressed pellets at 1350°C under an
oxygen atmosphere. For many samples the
disk diameter after firing decreased as the
composition deviated from LiTaO;. Figure
4 illustrates diameter shrinkage vs composi-
tion for compositions along line B. This in-
dicates that the sintering temperatures and
hence the melting points decrease when the
sample deviates from LiTaO;. This prop-
erty seems very attractive for crystal
growth.

Electrodes were deposited on the circu-
lar faces using a silver paste. Dielectric
measurements were performed at 1 kHz
frequency from room temperature to
750°C. For each material the thermal varia-
tion of the permittivity &/ shows a maximum
which can be attributed to the ferroelectric—
paraelectric transition. Figure 5 gives the

300r.

b

€X(t) curves obtained by heating and cooling
a ceramic corresponding to x = 0.075 on
line F.

The variation of the ferroelectric Curie
temperature ¢, vs vy along the considered
lines of the diagram is represented in Fig. 6.

Discussion and Conclusion

A crystal chemical study has allowed us
to identify some new nonstoichiometric
materials with a LiTaO;-related structure.
Their compositions are close to that of
LiTa0; in the Li,0-Ta,0s~(Zr0,), diagram.
The type of nonstoichiometry (either cat-
ionic excess or cationic deficit) has been
determined by density measurements.

Each material shows a ferroelectric—pa-
raelectric transition, the Curie temperature
t. decreasing from LiTaO; for each solid
solution considered. This result can be ex-
plained by the increasing cation size when
replacing Li* and Ti** by Zr** which causes
a smaller cation shift into the octahedral
sites comparatively to LiTaO;. The maxi-
mum decrease of the Curie temperature is
observed when going from 665°C for
LiT303 to 345°C for Lil.lzTa()_ggZI'O'uOg (line
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FiG. 6. Variation of the Curie temperature vs vy along the considered lines of the ternary diagram.
The values of D, and D, correspond, respectively, to x = 0.013 and x = 0.020 for compositions along

line D.
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B). The diffuse character of the transition,
the quality of the ceramics, and the diminu-
tion of the melting point make these materi-
als attractive for eventual piezoelectric and
pyroelectric applications.
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