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FEATURES OF DIELECTRIC POLARISATION IN THE PSN-PT
FERROELECTRIC CERAMICS
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Lead titanate solid solutions exhibit extreme values of certain physica parameters. We have
investigated ferroelectric relaxor ceramics of (1-x)[Pb(Scy2Nby2)O4] - X[PbTiOz] (PSN-PT)
composition near the morphotropic phase boundary. Results are discussed taking account into
the relaxor properties related to defects and disordering of the PSN-PT system.
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1. Introduction

The (1-X)[Pb(Scy2Nby2)Os]-x[PbTiOs] (PSN-PT) solid solution is interesting for
fundamentd research as well as practical applications. The PSN-PT system has a morphotropic phase
boundary (MPB) between the rhombohedric and tetragonal phases at lead titanate concentration
around 0.35~0.43 [1]. Possible existence of a monoclinic phase between the rhombohedric and
tetragonal phases has been reported [2]. Appearance of such an intermediate phase in perovskite
systems of PbTiO; has been considered theoretically [3]. The didectric and piezod ectric parameters
of Pb(Mgy3Nby3)Os - PbTiO; (PMN-PT) and PSN-PT ferrodlectric solid solutions (FESS) are
known to be extremely high near the MPB [4]. Besides, admixtures to the FESS allow to obtain
optimum characteristics of the meterias. E.g., modifying of the PSN-PT ceramics with 0.3F&,0;
increases mechanical quaity (Qm=297) by a factor of 4.4 [5], which alows to use the PSN-PT
ceramics in powerful transducers and ultrasound drivers requiring high values of dectromechanical
coupling and piezod ectric coefficients.

Since PSN - one of the components of the FESS - is a disordered ferrodectric (relaxor), the
low frequency and infra-low frequency studies [6] of a prospective materia like PSN-PT seem to be
of a high priority. The features didectric response of the PSN-PT system to low and infralow
frequency signals studied in a wide interval of temperatures at different intensities of the measuring
fidd are presently reported.

2. Samples and methods

The ferrodectric solid solution ceramics of 0.58PSN-0.42PT were prepared by conventional
technologies a the Institute of Solid State Physics of the University of Latvia. The composition had a
morphotropi ¢ phase boundary [7]. The samples were furnished with fired silver paste d ectrodes of the
size 2 x 3 x 0.8 mm. The real €(T) and imaginary €"(T) parts of the dieectric permeability at
frequencies of 1, 10, 100, and 1000 Hz and field intensities that did not exceed 1 V/cm were measured
on abridge At first the €'(T) and €"(T) curves were obtained on a one-year aged sample at heating
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from -170 °C up to 310 °C at the rate of one degree par minute. Effective didectric permesability
€' «=Ple.E, and didectric loss €"4=S/g, Ty’ (here P is polarisation, E, - the fidd amplitude at
measuring polarisation loops, €, - didectric constant, S - the area of the loop) were measured by a
modified Sawyer-Tower circuit at different E, and frequencies of 0.1, 1 and 10 Hz a heating from the
temperature—190 °C (liquid nitrogen) up to +150 °C.

3. Results and discussion

The €'(T) curves of 0.58PSN-0.42PT at frequencies of 1, 10, 100 and 1000 Hz are shown in
Fig. 1a. No shift of the temperature T, of the €'(T) maximum is observed between 100 Hz and 1kHz
(at both frequencies T=290 °C), i.e, rdaxor behaviour of the phase transition is absent. It is
consistent with other data [5] showing absence of the dependence of T, on frequency. An abrupt
increase of €'(T) seeninFig. laat T=160 °C at frequencies of 1 Hz and 10 Hz has been a so observed
by other authors at the same temperature at frequencies of 100 Hz and 1 kHz in 0.58PSN-0.42PT
ceramics modified with Fe,0O; [5]. Thus, comparing with other data [5] alows to conclude that
admixture of F&O; to the 0.58PSN-0.42PT system does not lead to appearance of high-temperature
relaxation of polarisation (HRP) merely displaying it & a lower temperature. In Fig. 1b the therma
behaviour of tgd at different frequencies is shown in alogarithmic scale. An abrupt increase of tgd(T)
is seen to occur at T>20 °C, particularly pronounced at frequencies of 1Hz and 10 Hz. The high-
temperature maximums of tgd(T) at T=270 °C, i.e, near T, are rdated to the transtion from
ferrod ectric to parad ectric phase.
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Fig. 1. Thermal behaviour of dielectric permeability €'(T) - (8) and tgd - (b) at frequencies 1,
10, 100 and 1000 Hz.

The high-temperature maximums on the tgdT) curve at frequency 10 Hz and 1Hz are
observed at T=245 °C and T=205 °C, respectively. The activation energy calculated from the well
known expression (e.g., [8]):

Ua :Kﬂ"\(ﬁ) (D
Tz _Tl Vi

where Ty, T, are temperatures of tgd maximums at frequencies v, and v,, respectivey, is found to be
Us=~1.24 eV. The value is consistent with the conclusion [5] that oxygen vacancies provide a
considerable contribution to properties of PSN-PT. Thus, the mentioned HRP of the material (Fig.
1a), asin case of the PZT ceramics[9], is dueto presence of oxygen or lead vacancies. Asseenin Fig.
1b, a very broad maximum of tgd at T=-110 °C is discerned at all frequencies in the low temperature
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interval between -150 °C and -20 °C where dependence of tgd on the frequency in ultra-weak fiddsis
negligible. The low-temperature relaxation of polarisation in PSN-PT is wel pronounced in the
behaviour of polarisation characteristics under fields of medium and strong intensity (Fig. 2).

Dependence of the remanent to maximum polarisation ratio P/Pmx On temperature at
frequency 0.1 Hz is shown in Fig. 2a In this case the P/Pmx ratio represents the normalised
polarisation corresponding to every value of the amplitude E, a the given temperature. As seen from
Fig. 2a, the rdaxation of the P/P ratio depending on the amplitude of the measuring signal is
considerable within the interval from -110 °C to -20 °C. This relaxation most likdly is rdated to the
domain wall dynamics within the region of the morphotropic transition as, for example, observed
earlier in the PMN-PT-PZ system at PT=0.35 [10].

The latter assumption is supported by the behaviour of tgd«r shown in Fig. 2b at different
frequencies and E,=11 kV/cm. At different frequencies the maximums of tgde(T) appear at different
temperatures within the interval from -90 °C to -40 °C. The activation energy of switching pol arisation
estimated from (1) is U;=0.78 €V. which is much lower than activation energy of the high-temperature
relaxation of polarisation mentioned above. The value of U, is consistent with data of model
ferrodectrics (eg., TGS [11]) where it may be ascribed to mobility of the 180-degree domain
boundaries.
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Fig. 2. Thermal behaviour of P./Pys ratio at frequency 0.1 Hz - (8) and tgde at frequencies
0.1, 1 and 10 Hz and field amplitude of 11 kV/cm - (b).

4. Conclusion

In piezoceramics 0.58Pb(Scy,Nby2)0s-0.42PbTiO; was observed two types of low frequency
relaxation of polarisation - high-temperature relaxation provided by oxygen vacancies, and |ow-
temperature relaxation related to the domain wall dynamics in the region of the morphotropic
transition.
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