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Abstract

The crystal structure and the phase transition of (1—x)Pb(Yb;;Ta,;»)O3—xPb(Fe;»Ta;»)O05 solid solutions in the antiferro-
electric range for 0<x<0.10 have been studied by the dielectric constant measurements, E-P hysteresis measurements, X-ray
diffraction and transmission electron microscopy (TEM). In the composition region x<0.10, the dielectric dispersion which is the
secondary phase transition point of pure PYT remains and it exhibits slim loop which means that the solid solution is ferroelectric
at low temperatures. From the X-ray diffraction analysis of the superlattice structure of (1—x)PYT—xPFT solid solutions, it is
found that there are no basic structural changes as x increases up to x=0.10. But in the TEM analysis, the antiferroelectric phase is
shown to coexist with the ferroelectric phase below the secondary phase transition temperature. In the selected area diffraction

pattern (SADP), an intermediate incommensurate phase is observed.
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1. Introduction

Lead-based complex perovskites with the general for-
mula of Pb(B'B”)O3 show several types of interesting
dielectric behavior depending on the degree of the B-site
cation ordering. Their dielectric behavior is dependent
on the chemical composition and geometrical distribu-
tion of B-site cations in the perovskite lattice.!

Pb(Yb,xTa;»)O5 (PYT) is a highly ordered complex
perovskite.>? This compound exhibits a sharp first
order phase transition. In addition, PYT undergoes a
secondary phase transition below the primary transition
temperature. The primary phase paraelectric (PE)-anti-
ferroelectric (AFE) transition occurs at 310 °C, and the
secondary AFE-ferroelectric (FE) phase transition
occurs near 186 °C.? This peculiar transition pattern is
very similar to that of highly ordered PbCo,,W,,0;
(PCW) that also has two successive phase transitions
(PE-AFE-FE).*> Particularly, PCW is antiferroelectric
at room temperature.® X-ray and transmission electron
microscopy (TEM) studied on highly ordered PCW
have revealed the existence of an incommensurate
phase.®8
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In the present study, (1—x)PYT—xPFT solid solu-
tions were examined by the dielectric constant and E-P
hysteresis measurements and by X-ray diffraction
(XRD). For the microstructure study at secondary
transition, transmission electron microscopy (TEM) is
executed at room temperature.

2. Experimental

Ceramic (1—x)PYT—xPFT were obtained, starting
from a mixture of stoichiometric amounts of high purity
(99.9%) PbO, Yb,0;, Ta,Os and Fe,O5; powders. The
mixture was ball-milled in acetone and then calcined at
900-950 °C for 2 h. The calcined powders were ground
and shaped into pellets. The pellets were isostatically
cold pressed and then sintered at 950-1000 °C for 1 h. The
sintered ceramics were cut into thin discs and electroded
with silver paste before the dielectric measurements.

The dielectric constants were measured at several fre-
quencies, 1, 10, 100 K and 1 MHz, using a Hewlett-
Packard 4194A Impedance/Gain Phase Analyser. Dur-
ing measurements, the samples were heated at a con-
stant rate of 3 °C/min. X-ray diffraction measurements
were carried out on a two-circle X-ray diffractometer
(D/max-RB) using the Cu-K, radiation operated at
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40 kV and 100 mA. The X-ray diffraction patterns were
scanned continuously in 26 in steps of 0.02 degrees.
TEM specimens were thinned to 3 mm disks that were
mechanically polished to 80 um thickness. The center
parts of these disks were then further thinned by a dim-
pler to 10 um thickness, and then argon ion milled to
perforation. TEM studies were performed on a Phillips
CM20/T microscope operating at the accelerating
voltage of 200 kV.

3. Results and discussion
3.1. Dielectric properties

Fig. 1 illustrates the temperature dependence of the
dielectric constant(¢’) of (1—x)PYT—xPFT solid solu-
tions(x <0.10) at various frequencies on the heating. In
this composition range, the solid solution undergoes
two successive phase transition: a primary PE-AFE and
a secondary AFE-FE phase.

The dielectric constant maximum of the primary
transition slowly decreases with the Fe ion substitution.
On the other hand, the phase transition temperature
increases with the Fe ion substitution.

We would like to point out that there is a secondary
AFE-FE phase transition in (1—x)PYT—xPFT. The
secondary phase transition is diffuse and depends on the
frequency similar to a dielectric relaxor. The dielectric
constant maximum of the secondary transition shows
the decreasing tendency like the primary transition. At
x=0.10, this secondary transition is so diffuse that it
becomes impossible to distinguish it from the dielectric
constant vs temperature curve.

We then had to determine whether the secondary
transition of the solid solution is indeed an AFE-FE
transition. This can be indicated by E-P hysteresis
measurement. Fig. 2 illustrates the E-P hysteresis curves
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Fig. 1. Temperature dependence of the real dielectric constant for
(1—x)PYT—xPFT: (a) x=0.02; (b) x=0.05; (c) x=0.07; (d) x=0.10.

of (1—-x)PYT—xPFT (x<0.10) at different tempera-
tures. The results show slim loops. It is evident that a
weak FE phase or an AFE/FE phase mixture exists
below the secondary transition temperature in these solid
solutions.

As the temperature increases, the spontaneous polar-
ization, Pg and the coercive field, Ec both disappear and
this proves the existence of an AFE phase above the
secondary transition temperature but below the primary
transition. Also the hysteresis becomes slimmer as Fe
ion concentration increases. This means that the AFE
phase is gradually stabilized by PFT addition.

3.2. X-ray diffraction pattern

X-ray diffraction patterns for the (1—x)PYT—xPFT
solid solutions are shown in Fig. 3. The diffraction pat-
tern may be analyzed in reference to that of AFE
PbYb,;,Nb; /203.9 The diffraction patterns are super-
posed of two types of superlattice reflection lines. The
first set represents the ordering of B-site atoms of which
reflection intensity depends on the difference of atomic
scattering factor between the B-site cations. The second
represents the antiparallel Pb cation shift. As previously
reported,?? pure PYT (x=0.0) shows monoclinic dis-
tortions from the perovskite crystal structure. For pure
PYT, two types of superlattice reflections are clearly
observed.!® The B-site ordering superlattice reflections
are still present up to x=0.10 on Fe substitution.
Although the variation of the secondary transition is
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Fig. 2. E-P hysteresis loop as a function of PFT concentration x and
temperature for: (a) x=0.02; (b) x=0.05; and (c) x=0.10.
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Fig. 3. X-ray diffraction patterns of the (1—x)PYT—xPFT system at
room temperature.

observed on Fe substitution below x=0.10, there is
no such peak and structural variation beyond their
composition.

Considering the (1—x)Pb(Yb1/2T31/2)03—be(Fe1/2
Ta; )O3 dielectric constant curve and the E-P hyster-
esis, the AFE phase becomes more stabilized with the
increasing Fe ion concentration. However, any struc-
tural change on the Fe ion substitution is not detected
on the XRD patterns.

3.3. TEM investigation

Fig. 4 shows the selected area diffraction patterns
(SADPs) for the compositions x=0.02, 0.05, 0.07 and
0.10. They clearly show the AFE spots. Kim and
Choo!! reported that all the pure PYT spots have the
rational ratio interval. But as the Fe ion concentration
is increased, it is found that the superlattice spots of the
solid solution which were equally spaced along the
[110] direction are moved. The superlattice spots of
(1—x)PYT—xPFT are arranged in irrational-ratio along
the [110] direction as shown in Fig. 4. The reported
dielectric constant curve and E-P hysteresis loop of
PCW are similar to the current solid solutions'>!? and
it has also been reported that the AFE phase
crystal structure of PCW is incommensurate at room
temperature.’

As mentioned before, there is no macrostructural
change in (1-x)PYT—xPFT solid solution below

Fig. 4. Selected area diffraction patterns of the (1—x)PYT—xPFT: (a)
x=0.02; (b) x=0.05; and (c) x=0.10.

x=0.10. From the PCW-PYT comparison, it is inferred
that the AFE phase stabilization is correlated with the
incommensurate lattice modulation.

4. Conclusions

The (1—x)PYT—xPFT solid solution was investigated
by the dielectric constant measurement, X-ray and
TEM measurements. At x<0.10, two successive phase
transitions are clearly identified by the dielectric
measurement. In this region, the (1—x)PYT—xPFT
solid solution is FE ; as verified by E-P hysteresis
measurement. As the Fe ion concentration is increased,
the AFE phase of this solution system is gradually sta-
bilized. The SADPs of the (1—x)PYT—xPFT solution
show the evidence of incommensuration in contrast to
the commensurate SADP of pure PYT.
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