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SS10B-3 | Giant energy density via mechanically tailored
relaxor ferroelectric behaviour of PZT thick film
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Relaxor ferroelectrics (RFEs) are being actively investigated
for energy storage applications due to their large
electric-field-induced polarization with slim hysteresis
and fast energy charging-discharging capability. Here, we
report a novel nanograin engineering approach based
upon high kinetic energy deposition for mechanically
inducing the RFE behavior in a normal ferroelectric
Pb(Zro.52Ti0.48)03 (PZT), which results in simultaneous
enhancement in the dielectric breakdown strength (Epgs)
and polarization. Mechanically transformed relaxor thick
films with 4 um thickness exhibited an exceptional Epgs
of 540 MV/m and reduced hysteresis with large
unsaturated polarization (103.6 pC/cm?), resulting in a
record high energy storage density of 124.1 J/cm?® and
a power density of 64.5 MW/cm? This fundamental
advancement is correlated with the generalized
nanostructure design that comprises of nanocrystalline
phases embedded within the amorphous matrix.
Microstructure-tailored ferroelectric behavior overcomes
the limitations imposed by traditional compositional
design methods and provides a feasible pathway for
realization of high-performance energy storage materials.
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ABOjs-based materials are attractive materials not only
for electronic component applications, but also for
model systems of dielectric, ferroelectric, piezoelectric,
and multiferroic materials. Recently, their composition
has more complex and some of them contain volatile
elements, resulting in an increase in the configurational
entropy in terms of composition and defects of those
materials. To better understand the defect chemistry
of those materials and the challenges for MLCC
applications, nonstoichiometric and modified ABOs-based
ceramics were investigated via high-temperature
equilibrium conductivity (HiTEC) under various equilibrium
conditions and fabricated as prototype MLCCs to
evaluate the feasibility of co-firing and evaluate the
dielectric properties of thick films.



SS10B-5 | Research progress in the development of
beyond X9R MLCC in Sustainable Functional Ceramics
group
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The increase of electric vehicles in number has led to
the birth of highly reliable and thermally stable passive
component market. Especially, the multilayer ceramic
capacitor (MLCC) industries are facing a new challenge
for the development of MLCCs of a high dielectric
permittivity that are stably persists up to unprecedently
high temperatures up to 200°C and above, which is not
feasibly achieved with the most commonly used BaTiOs
(BT)-based dielectrics. Over the decades, extensive
search for dielectric ceramics as alternatives to BT has
been made, resulting in the discovery of (Bii, Nay2)TiOs
(BNT) and its derivatives as well as (Kos, Nags)NbO3; (KNN)
and its derivatives. Our research group has also been
working on both systems to realize thermally stable
dielectric permittivity in the temperature range between
-55°C and 200°C, which presumably denotes the
requirement for impending X9R class II capacitor
according to the Flectronic Industries Association (EIA)
standard. In this talk, we would like to present what
we have discovered and developed.
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