
FERROELECTRIC THIN FILM ENERGY
STORAGE

Are flexible ferroelectric films suitable for energy storage and

electrocaloric refrigeration? Flexible ferroelectric films with high

polarization hold great promisefor energy storage and electrocaloric (EC)

refrigeration. Herein,we fabricate a lead-free Mn-modified 0.75 Bi (Mg 0.5

Ti 0.5 )O 3 ???0.25 BaTiO 3 (BMT???BTO) thin film based on a flexible

mica substrate.

What is the energy storage density of ferroelectric film? Meanwhile,a good

energy storage density of ?? 1/4 70.6 J cm ???3and a quite high efficiency

of ?? 1/4 82% are realized in the same ferroelectric film,accompanied by

excellent stability of frequency and electric fatigue (500???10 kHz and 10

8 cycles). Furthermore,there is no apparent variation in performance

under different bending strains.

How can flexible ferroelectric thin films improve energy storage

properties? Moreover,the energy storage properties of flexible ferroelectric

thin films can be further fine-tuned by adjusting bending angles and defect

dipole concentrations,offering a versatile platform for control and

performance optimization.

What is the recoverable energy storage density of PZT ferroelectric films?

Through the integration of mechanical bending design and defect dipole

engineering,the recoverable energy storage density of freestanding PbZr

0.52 Ti 0.48 O 3 (PZT) ferroelectric films has been significantly enhanced

to 349.6 J cm ???3compared to 99.7 J cm ???3 in the strain (defect) -free

state,achieving an increase of ???251%.

Which ferroelectric materials improve the energy storage density? Taking

PZT,which exhibits the most significant improvement among the four

ferroelectric materials,as an example,the recoverable energy storage

density has a remarkable enhancement with the gradual increase in defect

dipole density and the strengthening of in-plane bending strain.
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What are the characteristics of ferroelectric thin films? Ferroelectric thin

films exhibit tensile strain,strain gradient,and defect dipole states. b) The

double-well potential of Landau free energy with the strain (defect)-free

state (blue curve) and with strain and strain gradient engineering as well

as defect engineering (red curve).

The BNTZ???0.09BFO thin film shows a first-class-level W reco (?? 1/4

124 J cm ???3) along with high ?? (?? 1/4 81.9%), which surpasses

almost all the Pb-contained and Pb-free perovskite ferroelectrics. ???

By controlling the annealing temperature of the amorphous-crystalline

coexisted films, the effect of crystallinity on the energy storage

performance was systematically analyzed, a high discharge energy

storage density (65 J/cm 3) with high efficiency (75%) are obtained in the

thin film under low annealing temperature 550 ?C. The study confirms 

By introducing super tetragonal nanostructures into glassy ferroelectric

with MPB composition, a giant energy storage density of ???86 J cm ???3

with a high energy efficiency ???

The (Na0.5Bi0.5)TiO3 relaxor ferroelectric materials have great potential

in high energy storage capacitors due to their small hysteresis, low

remanent polarization and high breakdown electric field. In this work,

(Na0.5Bi0.5)TiO3 thin films with ~400 nm were prepared on (001) SrTiO3

substrate by pulsed laser deposition technology. The (Na0.5Bi0.5)TiO3

films ???
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In the past years, several efforts have been devoted to improving the

energy storage performance of known antiferroelectrics. Polymers and

ceramic/polymer composites can present high breakdown fields but store

modest energy densities and typically suffer from poor thermal stability (6,

7).Several works have reported noticeable energy densities in samples of

???

In our previous work (W. Zhang et al., Space-charge dominated epitaxial

BaTiO 3 heterostructures, Acta Mater. 85 (2015) 207???215), it was

demonstrated that a space charge dominated BaTiO 3 thin film can have

much improved energy storage characteristics when compared with a

regular insulating film of ferroelectric BaTiO 3.However, the improved ???

By introducing super tetragonal nanostructures into glassy ferroelectric

with MPB composition, a giant energy storage density of ???86 J cm ???3

with a high energy efficiency of ???81% was obtained under a moderate

field of 1.7 MV cm ???1 in a thin film of conventional ferroelectrics, i.e.,

0.94(Bi, Na)TiO 3-0.06BaTiO 3. The ultrahigh energy 

Structural design optimizes the energy storage performance of various

typical ferroelectric materials. a) Pz???Ez hysteresis loops for 5 nm thin

films of BTO, BFO, KNN, and PZT under a range of 

In this work, a detailed experimental investigation of energy storage

properties is presented for 10 nm thick silicon-doped hafnium oxide

anti-ferroelectric thin films. Owing to high field induced polarization and

slim double hysteresis, an extremely large ESD value of 61.2 J/cm 3 is

achieved at 4.5 MV/cm with a high efficiency of ?? 1/4 65%.
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The lead-based thin film capacitors such as Pb(Zr 1-x Ti x)O 3 (PZT) have

been widely researched in the past fifty years. However, toxicity of lead

limits their integration in future devices. Therefore, lead-free materials with

excellent dielectric and energy storage properties are of great interest [3,

4] ing a well-known ferroelectric, Bi 0.5 Na 0.5 TiO 3 (BNT) with ???

Antiferroelectric thin films have attracted blooming interest due to their

potential application in energy storage areas. Pb (1???3x/2) La x HfO 3

(PLHO-x, x = 0???0.05) thin films were fabricated on Pt(111)/TiO 2 /SiO 2

/Si substrates via the chemical solution deposition method. The x-ray

diffraction and high-resolution transmission electron microscopy results

show that the ???

The properties in energy storage of ferroelectric thin films are evaluated

using two main metrics. The first metric is the ability of the films to store

electrical energy, which can be quantified by the energy storage density

(W rec). The second indicator is the efficiency in utilizing the electrical

energy, which is evaluated by the energy 

Flexible ferroelectric films with high polarization hold great promise for

energy storage and electrocaloric (EC) refrigeration. Herein, we fabricate

a lead-free Mn-modified 0.75 Bi(Mg0.5Ti0.5)O3???0.25 BaTiO3

(BMT???BTO) thin film based on a flexible mica substrate. Excellent EC

performance with maximum adiabatic temperature change (??T ?? 1/4

23.5 K) and ???

DOI: 10.1016/j.jmst.2020.10.053 Corpus ID: 229427932; Fatigue-less

relaxor ferroelectric thin films with high energy storage density via defect

engineer @article{Song2021FatiguelessRF, title={Fatigue-less relaxor

ferroelectric thin films with high energy storage density via defect

engineer}, author={Baijie Song and Shuanghao Wu and Hao ???
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In-situ atomic visualization of structural transformation in Hf 0.5 Zr 0.5 O 2

ferroelectric thin film:  The energy storage density in HZO thin films was

optimized through a three-pronged 

Fatigue-Free Aurivillius Phase Ferroelectric Thin Films with Ultrahigh

Energy Storage Performance. Zhongbin Pan, Zhongbin Pan. School of

Materials Science and Chemical Engineering, Ningbo University, Ningbo,

Zhejiang, 315211 China  Although great strides have been made in the

development of ferroelectric ceramic and thin films for capacitors 

Currently, common-utilized dielectric capacitors developed for energy

storage include thin films, polymer-based thick films, and ceramic

materials 1,10,13,14,15,16,17,18,19. Among the candidate 

Although the current energy densities of ferroelectric thin films have

reached the level of ~100 J/cm 3, the total stored energies are still small

due to the use of a thick, passive substrate. Two common approaches to

increase the total ???

As can be seen in Fig. S1(a), the relaxor ferroelectric Pb 0.9 La 0.1 (Zr

0.52 Ti 0.48)O 3 (PL) thin film has a slim P-E loop with low P r and E c

values and therefore exhibits very large U reco and ?? values [19,

22].Further, the normal ferroelectric Pb(Zr 0.52 Ti 0.48) 0.99 Nb 0.01 O 3

(PN), which shows strong imprint behavior (imprint is usually attributed to

the ???
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This study investigates the effects of hot-pressing temperatures on the

dielectric, ferroelectric, and energy storage properties of solvent-casted

Poly (vinylidene fluoride-trifluoroethylene) (PVDF-TrFE) films. The

hot-pressing process enhances the crystallinity and alignment of polymer

chains, directly affecting their electrical properties. The aim is to optimize

???

In this work, a detailed experimental investigation of energy storage

properties is presented for 10 nm thick silicon-doped hafnium oxide

anti-ferroelectric thin films. Owing to high field induced polarization and

slim double hysteresis, an extremely large ESD value of 61.2 J/cm3 is

achieved at 4.5 MV/cm with a high efficiency of ?? 1/4 65%.

Peng, B. et al. Large energy storage density and high thermal stability in a

highly textured (111)-oriented Pb 0.8 Ba 0.2 ZrO 3 relaxor thin film with

the coexistence of antiferroelectric and 

DOI: 10.1002/est2.359 Corpus ID: 248803808; Review on energy storage

in lead???free ferroelectric films @article{Puli2022ReviewOE,

title={Review on energy storage in lead???free ferroelectric films},

author={Venkata Sreenivas Puli and Jayakrishnan Ar and Dhiren K.

Pradhan and Kalpana Madgula and Simhachalam Narendra Babu and

Douglas B Chrisey and ???

In this work, the dielectric, ferroelectric, energy storage, electrocaloric

(EC), and pyroelectric properties of (Pb0.92La0.08)(Zr0.55Ti0.45)O3

(PLZT) thin film (704 nm) are highlighted.
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Request PDF | Silicon-doped hafnium oxide anti-ferroelectric thin films for

energy storage | Motivated by the development of ultracompact electronic

devices as miniaturized energy autonomous 

This review focuses on the recent progress of PZ-based anti-ferroelectric

films for energy storage, and provides various ways, such as element

modification (replacing of one element in the ABO 3 structure by another

element), composite materials (adding secondary phase into PZ films to

form composite films), and process improvement (such as the 

Compared to other dielectric materials like polymers, oxide-based

ferroelectric materials typically exhibit higher P max and P r due to their

larger spontaneous polarization, promising for energy storage [2], [6], [7].A

classic approach to promote energy storage performance involves

combining ferroelectrics with materials of a different structure to reduce

???

Relaxor ferroelectric capacitors receive extensive attention for the energy

storage applications due to their slim polarization???electric field

hysteresis loops. Typically, relaxor ferroelectrics can be designed through

introducing multiple heterovalent cations in the ferroelectrics to break the

long-range ferroelectric order and form polar nanoregion. Here, ???

Herein, the effect of the insertion of a thin dielectric HfO2:Al2O3 (HAO)

layer at different positions in the

Pt/0.5Ba(Zr0.2Ti0.8)O3???0.5(Ba0.7Ca0.3)TiO3 (BCZT)/Au structure on

the energy storage 
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It is revealed that nanocrystalline engineering of the BBPT ferroelectric

thin films could be controlled via the heat-treatment temperature, which

could effectively regulate the breakdown strength and polarization. 

Enhanced energy-storage density of BaTi0.95Zr0.05O3 via generation of

defect dipoles upon lithium-doping. Materials Chemistry 
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