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In this paper we are reporting a systematic study on ferroelectric properties of lanthanum (La)
substituted modified lead zirconate titanate (PLZFNT) ceramics which were fabricated by mixed oxide
process. La contents were varied in between 0 and 0.01 in steps of 0.0025. The X-ray diffraction study
shows single phase for all samples. Silver electrode was deposited on flat surfaces of sintered discs for

Keywords: P-E (polarization vs. electric field) measurements. All compositions exhibited well-defined ferroelectric
Lead zirconate titanate behavior at room temperature. Hysteresis loops were also recorded at different temperatures for all the
PZT compositions which showed typical variation of ferroelectric nature. The PLZFNT composition with
PLZFNT

Lanthanum
Ferroelectric behavior

1 mol% of La showed the best retention behavior. The results are discussed.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Lead zirconate titanate (PZT) shows interesting piezoelectric,
pyroelectric and opto-electronic properties [1]. A wide range of
sensors, actuators and transducers are based on PZT bulk ceramics
[2,3], thick films [4] and thin films [5-7]. Thin film based materials
find applications in ferroelectric random access memory [8-11].
Modification of PZT with suitable substitutions of single or
multiple elements at Pb?* and Zr**/Ti** sites helps in enhancing
its physical and electrical properties. On substitution of some
lanthanides, specifically lanthanum (La) on Pb sites in PZT
enhances densification, homogeneity and physical properties of
materials for piezoelectric devices. Lead lanthanum zirconate
titanate (PLZT) ceramics, with variable Zr/Ti ratios and variable
dopant concentrations, have been reported to exhibit a variety of
ferroic phases such as ferroelectric (FE), antiferroelectric (AFE) and
paraelectric (PE) phases. Due to these advantages, there is growing
interest of researchers on PLZT ceramics from all over the world
[12-17]. The influence of excess PbO on microstructure and
electrical properties of PLZT (7/60/40) ceramics by high energy
ball milling and reactive sintering have been extensively studied
[18,19]. There are various chemical methods for synthesizing these
compounds with better chemical homogeneity, high level
of molecular mixing, control of stoichiometry, low calcination
and sintering temperature [20,21] can be achieved. However
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processing of PLZT ceramics by classic ceramic mixed oxide
method has attracted significant interest because of its inherent
advantages in achieving the aforesaid properties. In this paper, we
are reporting ferroelectric properties of modified PZFNT system,
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Fig. 1. XRD patterns of the sintered PLZTFN samples of compositions with x=0
and 0.01.
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ie. Pb],XLax(Zl'o.eoTiOA())o.ggFeO.o]Nbo_o]03 with x = 0, 0.0025,
0.0050, 0.0075 and 0.01 prepared by conventional ceramic process.

2. Experimental

Lanthanum substituted PZFNT samples with compositional
formula Pb1,XLaX(Zl‘ohgoTiOA())o_ggFeo.o]Nb0.0103 with x = 0, 0.0025,
0.0050, 0.0075, 0.01 were prepared by classic ceramic mixed oxide
method. The raw materials of AR grade PbO, Lay03, ZrO,, TiO,,
Fe,03 and Nb,Os powders were weighed and mixed. Excess PbO
(2wt%) was taken to counteract the volatilization of PbO during
sintering. Each mixture of the starting powders was milled in
distilled water using zirconia as grinding media. After ball milling
and calcination in closed alumina crucible at 800 °C once, powders
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were ball milled and recalcined at 850°C. The powder mixture
was ball milled again and the dried powder mixtures were mixed
with small amount of diluted (3% in water) polyvinyl alcohol
(PVA) binder and uniaxially pressed in form of circular discs of
15mm diameter and 1 mm thickness at a pressure of 200 kg/cm?2.
Finally these green bodies were sintered at 1250°C for 4h in
closed alumina crucibles. A lead rich atmosphere was maintained
to minimize lead loss during sintering.

X-ray diffraction analysis was carried out at room temperature
using D8 advance X-ray diffractometer (Bruker AXS) in a range of
bragg angles 20 (20°<20 <60°) with a scanning rate of 2°/min. To
investigate ferroelectric properties, these discs were lapped, ultra-
sonically cleaned and both flat surfaces were electroded with silver
paste and fired at 400 °C for 1 h. P-E hysteresis loops of the samples
were recorded at 20Hz using an automatic PE-loop tracer. The
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Fig. 2. Hysteresis curves of Pby_yLax(Zro.60Tio.40)0.98F€0.01Nbp 0103 system with x = 0, 0.0025, 0.0050, 0.0075, 0.01 at different electric fields at 20 Hz.
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Fig. 3. Hysteresis curves of PLZFNT system with x = 0, 0.0025, 0.0050, 0.0075, 0.01 at 20 Hz at different temperatures.

temperature variation of remnant polarization (P;), spontaneous
polarization (Ps) and coercive field (E.) of the samples were recorded.

3. Results and discussion

XRD analysis shows all the samples to be single phase
perovskite with tetragonal structure. Typical XRD patterns for
the samples with x = 0, 0.01 are shown in Fig. 1.

Ferroelectric hysteresis behavior was studied for all the
compositions at different fields at room temperature (30°C)
which has been shown in Fig. 2. It is observed that as the applied
field is increased the polarization increases and reaches to
saturation at a substantially high applied field. A high electric
field (~20-25 kV/cm) was required to obtain good loop.

The P-E hysteresis loops of all the samples at three different
temperatures of 30, 70 and 90°C are shown in Fig. 3. Only for

sample having x = 0, remnant polarization (P;) increases with
increase in temperature which is due to increase in internal
energy but for rest of samples it decreases. It is mainly due to
decrease in internal energy caused by thermal excitation leading
to smaller dipole alignment. There is decrease in area of hysteresis
loop with rise in temperature which is characteristic of
ferroelectric materials [22]. The temperature dependence of E,
P, and P;/Ps (remnance ratio) on temperature for PLZFNT materials
is depicted in Fig. 4.

All sintered specimens at room temperature showed well
defined ferroelectric behavior as shown in Fig. 5. Coercive field
(E;), remnant polarization (P;), saturation polarization (Ps) and
P,/Ps (remnance ratio) determined from the hysteresis loops are
listed in Table 1. P, was found to increase with increase in La
substitution from which one can predict that material gets soften
by La substitution. Domain switching becomes easier because La**
jons substitutes Pb?* « ions at A site and the presence of multiple
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Fig. 4. Temperature dependence of (a) E. (b) P; and (c) P,/Ps of PLZFNT at 20 Hz.

jons (Pb*"«—and La®*) resulted in higher multi-domain
polarization as evidenced by increase in P, and Ps. These results
are consistent with the literature [23-29]. P./P; was found to
increase with increase in amount of La doping which indicates
that squareness of the P-E loop increases.
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Fig. 5. Room temperature hysteresis curves for different compositions of PLZFNT

system at 20 Hz.

Table 1
Observed values of P,, E., Ps and P;/Ps for PLZTFN samples at room temperature.

X P: (nC/cm?) Ec (kV/cm) P; (uCjcm?) (Pr/P5)
0 13 6.9 21 0.619
0.0025 19 6.3 27 0.703
0.0050 23 6.8 29 0.793
0.0075 26 5.6 35 0.743
0.01 37 6.8 47 0.787

4. Conclusions

In summary, effect of lanthanum doping on modified lead
zirconate titanate fabricated via mixed oxide process was
examined in terms of ferroelectric properties. It was found that
adding La significantly enhances remnant polarization. The
squareness of P-E hysteresis loop increases with La concentration.
(PLZFNT 1/60/40) composition shows highest remnant polariza-
tion (37 uC/cm?) and coercive field (6.8kV/cm) which can be
exploited for memory applications. There is decrease in coercive
field (E.) and remnant polarization (P;) with increase in tempera-
ture except for composition having no La.
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