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Abstract: Relaxor ferroelectric film capacitors exhibit several advantageous characteristics, including high power
density, rapid charge and discharge rates, lightweight construction, compact size, and ease of integration, aligning
with the ongoing trend toward high energy density in microelectronic devices. Currently, the recoverable energy
density in the relaxor ferroelectric films has exceeded 100 J/cm’, and their charge-discharge efficiencies are higher
than 90%. Furthermore, these films demonstrate high breakdown strength and exceptional fatigue resistance,
suggesting the preliminary formation of practical value. Based on the energy storage principles of relaxor

ferroelectric films, this paper investigates methods for regulating energy storage characteristics of these films from
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experimental perspective, including element doping, composite structures, and solid solutions. It also explores the
physical mechanisms underlying these three regulatory methods at the microscopic, mesoscopic, and macroscopic
scales, as well as their advantages and limitations in enhancing energy storage characteristics. The analysis indicates
although element doping is easy to achieve, its regulatory scope is limited, and the improvement of the energy storage
characteristics relaxor ferroelectric films is not ideal. The composite structure, by using the approximate linear
superposition of the related properties of two or more materials, has further improved the energy storage
characteristics. However, the lattice mismatch caused by the macro-level interlayer coupling leads to an increase in
defect density, which reduces the breakdown strength and reliability of the film. In contrast, the solid solution
strategy, by matching different material systems at the microscopic lattice scale, effectively regulates the coexistence
of multiple phases and polar nanoregions, significantly enhancing the energy storage characteristics of relaxor
ferroelectric films. The research results can provide comprehensive research strategy guidance for improving the
energy storage characteristics of relaxor ferroelectric films.

Key words: materials physics and chemistry; capacitors; relaxor ferroelectric film; energy storage; recoverable energy
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represent recoverable energy density and loss energy density,

respectively.
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Fig. 4 (a) Structural diagram of composite film constructed by
BST and BFO. (b) The P-E loops of this system under the same

external electric field. (c) Discharge current density of the 2BFO

film capacitor™.
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Fig. 5 (a) Structural diagram of composite film constructed by

0. 7NBT-0. 3ST and 0. 6ST-0. 4NBT. (b) X-ray diffraction*”.
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