
the energy storage mechanism of antiferroelectric capacitor is

Why do dielectric capacitors use antiferroelectric materials?Dielectric capacitors using

antiferroelectric materials are capable of displaying higher energy densities as well as higher

power/charge release densities by comparison with their ferroelectric and linear dielectric

counterparts and therefore have greater potential for practical energy storage applications. Which

antiferroelectric ceramic systems are best for energy storage?In this review, the current state-of-the-

art as regards antiferroelectric ceramic systems, including PbZrO 3 -based, AgNbO 3 -based, and

(Bi,Na)TiO 3 -based systems, are comprehensively summarized with regards to their energy

storage performance. Are antiferroelectric ceramics a good choice for pulse

capacitors?Antiferroelectric ceramics, thanks to their remarkable energy storage density W,

superior energy storage efficiency ?, and lightning-fast discharging speed, emerge as the

quintessential choice for pulse capacitors [, , ]. Can AFE materials improve energy storage and

high-power capacitors?Energy storage and high-power capacitors The utilization of AFE materials

is an effective approach to enhance the energy storage performances (energy density and

efficiency) of dielectric capacitors. However, the state-of-the-art AFE materials are facing the

most challenge of enhancing one parameter at the cost of the other. What is field-driven transition

from antiferroelectric to ferroelectric?Field-driven transition from antiferroelectric (AFE) to

ferroelectric (FE) states has gained extensive attention for microelectronics and energy storage

applications. High dielectric-breakdown-strength (DBDS) for a given material is a necessity to

attain full capacity of electrical energy storage. Why are antiferroelectric capacitors

important?Antiferroelectrics are capable of offering higher dielectric permittivities and peak-value

responses with bias voltage (Fig. 1 b), which allow for the development of high-energy-density

capacitors and stable operation at elevated temperatures [12, 13]. This strategy presents new

opportunities to manipulate polarization profiles and enhance energy storage performances in

antiferroelectrics. ce ap-plications with high energy density and output power are widely concen-

trated recently. To propel the development of dielectric capacitors marketiza-tion, in this view, we

comprehensively summarized the development process of energy storage density and efficiency,

improving strategy, raw  Energy-storage properties play a critical role in determining whether or

not dielectric capacitors can be applied in high power pulse devices, but single improvements in

Third, to increase the storage per footprint, the superlattices are conformally integrated into three-

dimensional capacitors  The energy-storage mechanism in these capacitors is achieved through the

induced polarization of the dielectric material under an applied alternate electric field, facilitating a

rapid charge release and more efficient power delivery via dipolar moment reorientation. Despite

these advantages, the  Dielectric capacitors using antiferroelectric materials are capable of

displaying higher energy densities as well as higher power/charge release densities by comparison

with their ferroelectric and linear dielectric counterparts and therefore have greater potential for

practical energy storage  Antiferroelectric ceramic capacitors with high energy-storage Field-

driven transition from antiferroelectric (AFE) to ferroelectric (FE) states has gained extensive

attention for microelectronics and energy storage applications. Antiferroelectrics for Energy
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Storage Applications: In this review, the current state-of-the-art as regards antiferroelectric

ceramic systems, including PbZrO 3 -based, AgNbO 3 -based, and (Bi,Na)TiO 3 -based systems,

are comprehensively  Antiferroelectric capacitor for energy storage: a review from typical AFE

capacitors, including Pb(Zr, Ti)O3, AgNbO3, (Bi, Na)TiO3, and NaNbO3 AFE systems.

Moreover, the advantages and disadvantages of these AFE energy  Antiferroelectric capacitor for

energy storage: a This work offers a good paradigm for improving the energy storage properties of

antiferroelectric multilayer capacitors to meet the  the energy storage mechanism of

antiferroelectric capacitor isRelaxor antiferroelectric (AFE) ceramic capacitors have drawn

growing attention in future advanced pulsed power devices for their superior energy storage

performance. Perspective on antiferroelectrics for energy storage and The utilization of AFE

materials is an effective approach to enhance the energy storage performances (energy density and

efficiency) of dielectric capacitors. However, the  Structural, dielectric and energy storage

behavior of (PbThe energy-storage mechanism in these capacitors is achieved through the induced

polarization of the dielectric material under an applied alternate electric field,  Antiferroelectrics

for Energy Storage Applications: a ReviewA series of helpful strategies to further improve the

energy storage performance of AFE materials are then presented, mainly focusing on the

improvement of energy storage density, energy  Antiferroelectric capacitor for energy storage: a

review from the Moreover, the advantages and disadvantages of these AFE energy-storage

ceramics are compared and discussed, which lay the foundation for the AFE energy storage

capacitor early Antiferroelectric negative capacitance from a structural phase Here, we show that

this structural transition in antiferroelectric ZrO2 gives rise to a negative capacitance, which is

promising for overcoming the fundamental limits of energy  Ultrahigh capacitive energy storage

through Electrostatic dielectric capacitors with ultrahigh power densities are sought after for

advanced electronic and electrical systems owing to their ultrafast charge-discharge capability.

However, low energy  Global-optimized energy storage performance in multilayerThe authors

report the enhanced energy storage performances of the target Bi0.5Na0.5TiO3-based multilayer

ceramic capacitors achieved via the design of local  Ultrahigh energy storage density and

efficiency of antiferroelectric However, low energy-storage density for dielectric capacitors,

inferior to other energy storage devices, such as batteries and electrochemical capacitors, has

impeded their  Significantly enhanced energy storage performance achieved by Achieving

remarkable amplification of energy-storage density in two-step sintered NaNbO3-SrTiO3

antiferroelectric capacitors through dual adjustment of local  Stability of discharge performance of

large-size antiferroelectric Antiferroelectric (AFE) materials have excellent application prospects

in pulse power. In this study, large-size AFE MLCCs were manufactured. Due to their phase

transition  Significant advancements in energy density of NN-based anti High-performance

perovskite dielectric ceramics exhibiting outstanding energy storage densities at low electric field

regions are crucial for advancing miniaturized and  Improving energy density and efficiency in

antiferroelectric-based Currently, energy storage systems mainly include fuel cells,
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electrochemical capacitors, dielectric capacitors, and batteries [3, 4]. Among them, because of the 

Mechanisms of energy storage deterioration in Mg-doped PbZrOConsequently, this work provides

novel insights into the mechanisms underlying the deterioration of energy storage properties in

antiferroelectric and/or ferroelectric energy  Temperature-insensitive and high-energy storage

performance in Antiferroelectric capacitors are known for their high energy density and fast charge-

discharge rates, making them ideal for modern electronic applications. However, a  Enhancing

energy storage performance in multilayer ceramic capacitors Antiferroelectric dielectrics (AFEs)

have gained exponentially soaring attention in pulsed power systems owing to their high-energy

storage and power densities. Mechanically robust flexible HfO2-Based antiferroelectric energy

Abstract Flexible antiferroelectric capacitors based on Hf 0.38 Zr 0.62 O 2 thin films were

fabricated on mica substrates via a low-temperature atomic layer deposition (ALD) process 

Antiferroelectric domain modulation enhancing energy storage Abstract Antiferroelectric materials

represented by PbZrO3(PZO) have excellent energy storage performance and are expected to be

candidates for dielectric capacitors. It  Ferroelectric capacitive memories: devices, arrays, and

Ferroelectric capacitive memories (FCMs) utilize ferroelectric polarization to modulate device

capacitance for data storage, providing a new technological pathway to Enhancing energy storage

performance in multilayer ceramic capacitors Antiferroelectric dielectrics (AFEs) have gained

exponentially soaring attention in pulsed power systems owing to their high-energy storage and

power densities. Ferroelectric capacitive memories: devices, arrays, and Ferroelectric capacitive

memories (FCMs) utilize ferroelectric polarization to modulate device capacitance for data

storage, providing a new technological pathway to  High energy storage properties of

NaNbO3-based relaxor A new generation of environmentally benign NaNbO 3 (NN)-based

antiferroelectric ceramics have gained great interest in energy storage capacitors.  Synergistic

optimization strategy enhanced the energy storage Due to the continuous popularization of

electronic facilities and the increasing requirements for the green environment, the development of

lead-free ceramics is more in line  Ceramic-Based Dielectric Materials for Energy Materials

offering high energy density are currently desired to meet the increasing demand for energy

storage applications, such as pulsed power devices, electric vehicles, high-frequency inverters, and

so  A review of ferroelectric materials for high power devicesAlso provided is a brief survey of

recent developments of ferroelectric materials for high energy density and power density dielectric

capacitors. Numerous ceramics have been  Antiferroelectrics for Energy Storage Applications:

Dielectric capacitors using antiferroelectric materials are capable of displaying higher energy

densities as well as higher power/charge release densities by comparison with their ferroelectric

and linear  COULD ANTIFERROELECTRIC CAPACITORS SOLVE ENERGY STORAGE The

energy storage mechanism of antiferroelectric capacitor is The large energy storage density and

high efficiency of AFR is ascribed to the "late" polarization saturation upon increasing  Energy

storages on the ferroelectric microstructures with From the capacitor with parallel plates, energy

storage density (we) can be obtained from the following formula with the determined capacitance
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(C) and applied electric  Ultrahigh Energy Storage Density and Efficiency Achieved in

PbZrOEnergy storage systems are crucial in modern technology, especially for electric vehicles

and photovoltaic systems that demand superior power density and rapid  Boosting extraordinary

energy-storage in BaTiO Lead-free relaxor ferroelectrics (RFEs) have great potential applications

in dielectric ceramic capacitors due to their distinguished energy storage performance, such as 

Achieving Remarkable Amplification of Energy-Storage Density in Antiferroelectric (AFE)

materials exhibit outstanding advantages against linear or ferroelectric (FE) dielectrics in high-

performance energy-storage capacitors. However, their Antiferroelectric negative capacitance

from a structural phase Here, we show that this structural transition in antiferroelectric ZrO2 gives

rise to a negative capacitance, which is promising for overcoming the fundamental limits of energy
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