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Relaxor Ferroelectric Polymer-ceramic Composites for High Energy Density
Capacitor Applications

Dae-Yong Jeong* and Seok-Jin Yoon

Thin Film Materials Research Center, Korea Institute of Sci. & Tech., P.O. Box 131,
Cheongryang, Seoul 130-650, Korea

Pulsed power systems such as electromagnetic and electrothermal guns, directed energy weapons, electro-
magnetic armor require high energy density capacitors. Energy density of capacitor is determined by the
dielectric constant and dielectric breakdown strength. Both to increase the dielectric constant of polymer matrix
and to increase the breakdown strength of ceramics, we investigated the relaxor ferroelectric polymer-ceramic
composites for energy storage capacitors. Composites have larger dielectric constant than pure polymer. How-
ever, breakdown strength becomes lower than pure polymer. With the antiferroelectric ceramic-polymer com-
posites, we can obtain the energy density 3.52 J/cc at a 100 V/um electric field.
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Fig. 1. Comparison of polarization vs. field curves for linear, ferro-
electric, relaxor ferroelectric, and antiferroelectric materials. The
shaded areas are equivalent to the energy density in the material that
can be recovered on discharge.
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Fig. 2. Sawyer-Tower circuit for measuring polarization of a dielec-
tric materials.
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Fig. 3. Dielectric data for PVDF-TrFE-CFE; (a) heating and (b)

cooling. Dashed arrow indicates the frequency increase from 100

Hz, 2 kHz, 10 kHz, 100 kHz.
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Fig. 4. Unipolar polarization curves of PVDF-TrFE-CFE,, which
were measured at 1 Hz after 10 cycles.
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Fig. 5. Unipolar polarization curves of composite with 40 vol%

PMN and 60 vol% PVDEF-TrFE-CFE, which were measured at 1 Hz
after 10 cycles.
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Fig. 6. Unipolar polarization curves of composite with 40 vol% AF

and 60 vol% PVDF-TrFE-CFE, which were measured at 1 Hz after
10 cycles.
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Fig. 7. Comparison of unipolar polarization curves of PMN, AF,
composite with AF and PVDF-TrFE-CFE, and pure PVDF-TrFE-
CFE.
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Fig. 8. Calculated energy density according to the electric field:
PVDF-TrFE-CFE, composites with AF, PMN and PVDF-TrFE-CFE.
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