Journal of the European Ceramic Society 21 (2001) 1383-1386

ELRRS

www.elsevier.com/locate/jeurceramsoc

Piezoelectric properties in PMN-PT relaxor ferroelectrics
with MnO, addition

Jae-Hwan Park *, Juyoung Park, Jae-Gwan Park, Byung-Kook Kim, Yoonho Kim

Division of Materials, Korea Institute of Science and Technology, Seoul 130-650, South Korea

Received 4 September 2000; accepted 16 October 2000

Abstract

The temperature dependence of piezoelectric properties in the PMN-PT relaxor ferroelectric system with MnO, addition was
studied in the temperature range from —40 to 30°C. Samples were poled at —40°C and the piezoelectric properties were measured
by resonance—antiresonance method. Q, increased by increasing the doping contents of Mn. When 0.5 wt.% MnO, was doped, Oy,
increased from 95 to 480. From the experimental results, it is predicted that Mn behaves as an acceptor and a domain pinning
element. The effects of MnO, observed in PZT-based normal ferroelectrics were also confirmed in PMN-based relaxor ferro-

electrics. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Relaxor ferroelectric materials, which may be dis-
tinguished from normal ferroelectrics by diffuse phase
transition and strong frequency dependence of the dielec-
tric properties, have been extensively studied.'~® The fer-
roelectric—paraelectric transition and all the related
properties in these systems are characterized not by abrupt
changes, but rather by gradual diffuse changes which
occur over a temperature range which is often referred to
as permittivity maximum temperature. Among many elec-
trostrictive materials, Pb(Mg;3Nb,/3)O; (PMN)-based
materials have received special attention because of
their better dielectric and electrostrictive properties.” 10

In the temperature range below the T, relaxors
exhibit ferroelectric and piezoelectric properties. There
are many reports devoted to the dielectric, pyroelectric,
electrostrictive properties in PMN.!'~13 However, there
is few report on the piezoelectric properties of PMN in
the temperature range below the T,,. Although, the
PMN -based relaxor materials are generally used for
high permittivity dielectric materials and electrostrictive
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materials, it is necessary to study the piezoelectric
properties in the phase transition temperature range to
comprehend the ferroelectric—paraelectric transition and
all the related properties in these systems.

In this study, the effect of Mn addition on the piezo-
electric properties of PMN relaxors will be studied. Mn
was selected as a dopant because the studies of Mn
addition on PZT-based normal ferroelectric materials
are most frequently found in the literature. In PZT sys-
tems, both the planar coupling coefficient (K,,) and On,
increased with Mn addition. In PZT-based normal fer-
roelectrics, Mn was reported to behave as an acceptor
and domain pinning element.'#!3

Among the many compositions of PMN-based
relaxor ferroelectrics, 0.9Pb(Mg;;3Nb,/3)O3-0.1PbTiO;
(0.9 PMN-0.1 PT) was the most studied system because
of its large dielectric constant and electrostriction. This
composition is used for the present study.

2. Experimental

Powders were prepared from the oxide forms of Pb,
Mg, Nb, and Ti via a columbite precursor method. The
details of sample preparation are described elsewhere.*!!
Dielectric constants were measured at 100 Hz, 1 kHz, 10
kHz, and 100 kHz with an LF impedance analyzer
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(4192A, Yokogawa-Hewlett-Packard, Tokyo, Japan).
The oscillating level was 1.1 volt.

To measure the piezoelectric properties, samples were
poled at —40°C under the electric field of 1.5 kV/mm.
Piezoelectric properties were determined from the
impedance spectrum with LF impedance analyzer via
resonance-antiresonance method.!® The temperature of
measurement was controlled in the range of —40-120°C
using test chamber.
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Fig. 1. XRD patterns for 0.9 PMN-0.1 PT with MnO, addition.

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns of the sin-
tered specimen. In all the specimen, pyrochlore phases
and second phases due to the addition of MnO, are not
found. Fig. 2 shows the scanning electron micrographs of
the samples. The grain size increased with 0.1 wt.% MnO,
addition. However, the grain size decreased little with the
MnO, addition above 0.5 wt.%. From the above results, it
seems that there were no significant modifications in
microstructure and crystallographic phase with the MnO,
addition in 0.9PMN-0.1PT.

Fig. 3 shows the temperature dependence of the low-
field dielectric properties measured at 1 kHz in 0.9
PMN-0.1 PT. The maximum dielectric constant of 0.9
PMN-0.1 PT reaches up to 20,000, which was also
reported elsewhere. The temperatures of maximum
dielectric constants (7},) vary with MnO, addition: they
are ca. 38, 42, 60, and 65°C when the added amount of
MnO, is 0, 0.1, 0.5, 1.0 wt.%. As the amount of MnO,
increases, Ty, increases and the maximum dielectric con-
stant decreases.

Fig. 4 shows the temperature dependence of the
impedance spectrum of the poled samples. At tempera-
tures far below Ty, the spectrum exhibits a typical
resonant spectrum. However, as the temperature
increases up to the phase transition temperature, the
span of resonant-antiresonant frequency becomes nar-
rower and the magnitude of the resonance becomes
smaller. This schematically shows that the magnitude of
piezoelectricity becomes smaller as the temperature
increases up to the phase transition range.

Fig. 2. SEM photographs of polished surface for 0.9 PMN-0.1 PT + x wt.% MnO,, where (a) x=0, (b) x=0.1, (¢c) x=0.5, (d) x=1.
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Fig. 3. Temperature dependence of dielectric properties for 0.9 PMN-
0.1 PT + x wt.% MnO,, where (a) x=0, (b) x=0.1, (¢c) x=0.5, (d)
x=1.

As the added amount of MnQO, increases, the electro-
mechanical coupling factor of the samples decrease when
compared at the same temperature. It is very notable that,
even though T, increases with amount of MnO, in Fig. 3,
the electromechanical coupling factor in the temperature
range between 10 and 30°C decrease as shown in Fig. 4.
Considering the experimental results from Figs. 4 and 5,
it is predicted that Mn behaves as an acceptor and a
domain pinning element. In the previous reports in PZT-
based normal ferroelectrics, Mn was also judged to behave
as an acceptor and domain pinning element.'*!> Fig. 5
summarizes the temperature dependence of the electro-
mechanical coupling factor (K,) and mechanical quality
factor (Qp,) calculated from the impedance spectrum. K,
decreases significantly at temperatures far below T, O,
increases significantly with MnO, addition.
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Fig. 4. Frequency dependence of impedance in the temperature range
from —40 to 30°C.
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Fig. 5. Variation of K, and Q,, of 0.9 PMN-0.1 PT ceramics as a
function of MnO, concentration at —30°C.
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4. Summary and conclusion

The temperature dependence of piezoelectric proper-
ties in PMN-PT relaxor ferroelectric system with MnO,
addition was studied in the temperature range from —40
to 30°C. Q,, increased by increasing the doping contents
of Mn. When 0.5 wt.% MnO, was doped, O, increased
from 95 to 480. Considering the experimental results, it
is predicted that Mn behaves as an acceptor and a
domain pinning element. The effects of MnO, observed
in PZT-based normal ferroelectrics were also confirmed
in PMN-based relaxor ferroelectrics.
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