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ABSTRACT

Aging effect of materials can occur in the electronic materials. However, the
difference depends on the effective of the material and the environment to be able to
maintain or inhibit the aging electrical properties of the ferroelectric ceramics. The
purpose of this study was to investigate the aging behavior and electric properties of
hybrid-doped (acceptor/donor) ferroelectric ceramics. The A-site hybrid-doped
(Na**/La™ and Na*/Sm*) and B-site hybrid-doped (Mn**/Nb™ and Mn**/Ta"™)
ceramics BaTiO3 were prepared mainly by fixing the concentration of acceptor dopant
at 0.010 mol, while the donor dopant was varied from 0.000, 0.005, 0.010 and 0.015
mol. Firstly, A-site hybrid-doped and B-site hybrid-doped BaTiO3; powders were
prepared in ethanol by a vibration milling technique. Dried powders were calcined

with the condition temperature between 1100 and 1250 °C. After that, the calcined

powdes were pressed and sintered at temperature range between 1300 and 1450°C
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depending on the composition. The X-ray diffraction analysis (XRD) was used to
examine the phase evolution of the samples. Microstructure was investigated by
scanning electron microscopy (SEM). Then, sintered pellets were sputtered with gold
electrodes on two parallel faces. Next, all ceramics were de-aged by holding at 300 °C
in air for 1 h and thermal quenching to ferroelectric state by dropping the samples into
iced water. For aging measurements, the capacitance and the dielectric loss tangent
were determined with automated LCR-meter. The polarization on the electric field
was characterized by a modified Sawyer-Tower circuit.

Phase analysis of the A-site hybrid-doped and B-site hybrid-doped ceramics
was analyzed to confirm the symmetry with the tetragonal-type BaTiOj structure by
XRD patterns. All the samples showed tetragonal structure, as evidenced by the
overlap of (002) and (200) peaks. From SEM micrographs, the grains size of the A-
site hybrid-doped ceramics increased with donor dopant up to 0.005 mol. However,
when the donor dopant (La™® or Sm*3) content increases further to 0.015 mol, a
significant reduction in grain size was observed. For B-site hybrid-doped ceramics,
abnormal grain growth was present in the Ba(Ti(.99-xMno.01Nbyx)O3 systems. On the
other hand, the grain size of Ba(Tip.99-xMngo1Tax)O3 ceramics was reduced to the
micron size. The temperature dependent dielectric constant (g,) and dielectric loss (tan
d) of A-site hybrid-doped and B-site hybrid-doped ceramics presented the main
characteristic of relaxor-like ferroelectrics; specifically, strong frequency dependence
of their corresponding temperature and different temperatures of maximum dielectric
constant at a fixed frequency.

The aging behavior of the polarization versus electric field (P-E) hysteresis

loops showed that the polarization decreased with increasing aging time. The aging
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curves of low-field dielectric constant and dielectric loss exhibited a gradual decrease
with time. Interestingly, the stretched exponential decay was found to suitably
represent the aging behavior of these A-site hybrid-doped and B-site hybrid-doped
BaTiO3 ceramics. In addition, enhanced relaxor behavior as well as reduced aging rate
in donor doping were present. However, the aging rate in the ceramics was affected
only slightly by the increase of donor content. A possible cause of such behavior lies
in the nature of relaxor-like behavior of these ceramics induced from a disruption of
dipole ordering from acceptor/donor substitution. It seems that the increased
relaxation time in hybrid-doped ferroelectric ceramics reflects an increase in the

activation energy for the motion of the micropolar domains.
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