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gradient or mechanical strain induced by electric field gradient, has drawn considerable research
interest due to its great potential in sensing and actuating application. As a unique electro-mechanical
effect, it has many features such as scaling effect, no symmetry limitation and no Curie temperature
limitation. It has been found that the flexoelectricity can be widely existed in liquid crystal, biological
materials and dielectrics (such as barium titanate ceramic). This paper mainly reviewed the past ten
year progress of flexoelectricity covering flexoelectric theory, flexoelectric experiment and
flexoelectric application. The physical origin and the perspective of flexoelectricity were also
discussed in this review.

Key words: Flexoelectricity; Strain gradient; Scaling effect; Polarization; Nano polar regions;
Defects.
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Figure 2 Lattice distortion under strain gradient
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Figure 3 Strain gradient induced polarization in
wedge-shaped and banana-shaped liquid crystal
molecules
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Figure 4 Measurement principles of
flexoelectric coefficients in liquid crystals: (a)
Indirect measurement method which is based on
the variation of birefringence image of liquid
crystal under different electric field gradient; (b)
Direct measurement method which is based on
measuring the induced current of the liquid
crystal under strain gradient 25"
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Figure 5 Flexoelectric effect in bio-membrane
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Figure 6 Flexoelectric effect in hair cell: (a) Electromechanical principle of a hair cell under mechanical
stimulus; (b) Formation of mechanical-sensitive ion channels under the excitation of strain gradient; (c) The
lengthening and shortening of a hair cell under strain gradient ''*!
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Figure 9 (a) Temperature dependence of transverse flexoelectric coefficients in (BaSr)TiO; ceramic. The inset
figure shows the relationship between polarization and strain gradient at room temperature; (b) Temperature
dependence of flexoelectric current and capacitance in SrTiO; single crystal. The inset figure shows the
relationship between polarization and strain gradient in different crystal orientation; (c) Relationship between
polarization and strain gradient in Pb(In;,Nby,,)O3-Pb(Mg;3Nb,;3)O;-PbTiO; single crystal at different
temperature. The inset figure shows the transient electric charge under different strain gradient at room

temperature
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Figure 13 (a) Principle of converse flexoelectric effect measurement; (b) Electric potential distribution;
(¢) Electric-field distribution; (d) Electric field distribution of truncated pyramid by finite element simulation
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Table 3 Flexoelectric coefficients of the reported materials

Flexoelectric coefficients / pC-m™

Material
Longitudinal Transverse Shear
BST ceramic 120 120 110
BTO single crystal 50 50 —
PZT ceramic — 1 —
STO single crystal 2x107 9x 107 58107
PMN ceramic — 3 —
BT-BZT ceramic — 25 —
KNN ceramic — 2 —
BTS ceramic — 53 —
PMN-PT single crystal — 35 —
PIN-PMN-PT single crystal — 135 —
PVDF — 1x107° —
Epoxy resin — 3x 107 —
Polyethylene (PE) — 6x107° —
Oriented PET — 1x107 —

3.3 HBHE BRI IR
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Figure 14 (a) Applying stress gradient along thickness direction in BST trapezoidal sample; (b) transient data of
stress and charge in trapezoidal samples; (c¢) transient data of stress and charge in the flipped trapezoidal samples;
(d) applying uniform stress in BST trapezoidal sample; (¢) transient data of stress and charge in the sample
shown in (d); (f)Transient data of stress and charge in the sample shown in (d)
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Figure 15 (a) Temperature dependence of flexoelectric coefficient of PIN-PMN-PT single crystal;

(b) temperature dependence of the dielectric constant of PIN-PMN-PT single crystal; (c) relationship between
flexoelectric polarization and residual ferroelectricity as a function of strain gradient of BST ceramics;

(d) temperature dependence of flexoelectric coefficients of Al,O3; doped BTS ceramics; (e) temperature
dependence of flexoelectric coefficients of BTO single crystals with different semiconducting treatments
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