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Flexible Piezoelectric Materials and Device Application

LIU Yang, WANG Yaojin
(School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Piezoelectric materials are widely used in sensors and actuators due to their unique electromechanical coupling capability.
However, the tradeoff between flexibility and high piezoelectric performance restrains their application into flexible electronic
technology, which is an important underpinning for the future intelligent technology. In this review, we summarized the flexible
piezoelectric materials currently available and their design and preparation strategies. Also, the application of flexible piezoelectric
materials in pressure sensing, energy harvesting and biomedicine was outlined. Finally, we gave the challenges and perspectives of
developing the flexible piezoelectric materials.
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Schematic diagram of the fabrication process for flexible piezoelectric materials using (a) and (b) Grow—transfer method c¢) Laser lift-off method (d) Sacrificial

template method, and (e) and (f) One-step method.
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Fig2 Preparation strategy of flexible piezoelectric materials
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Table 1 Comparison of piezoelectric properties and flexibility of flexible piezoelectric materials

Piezoelectric materials Substrate Method number Output voltage /V Output current /uA Bending radius /mm Reference
PZT PET 3 200.0 1.5 16.1 [17]
PZT Mica 5 120.0 0.3 22 [23]
PZT Mica 5 2.0 0.3 10.0 [83]
PZT Ni-Cr 5 0.7 [68]
BaTiO3/P(VDF-TrFE) PET 1 14.0 4.0 10.0 [42]
BaTiO; PI 2 1.0 2.6x107 10.0 [54]
BaTiO3;/PDMS PI 1 32 0.3 8.0 [39]
NaNbO3;/PDMS PI 1 32 7.2x107? [43]
PMN-PT PET 6 8.2 145.0 10.0 [79]
Mn-PMN-PT PET 6 17.8 1.7 20.0 [84]
PIN-PMN-PT PET 6 11 570.0 20.5 [78]
KNbO3/PDMS PDMS 1 2.5x107 2.5x107° [85]
MoS, PET 6 1.5x107° 2.0x107° [82]
[C(NH>);]C104~PU PU 1 About 0.3 About 0.2 [48]
PZT/GFF PDMS 5 110.0 1.1 [72]
PZT/PDMS PI 2 8.1 0.2 25.0 [52]

Method 1, 2, 3, 5, 6 represent organic—inorganic composite method, grow—transfer method, laser lift-off method, one-step method and mechanical polishing

method, respectively.
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Fig. 4 Application of flexible piezoelectric materials in pressure sensing
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Fig. 5 Application of flexible piezoelectric materials in human motion in energy harvesting
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(a) Schematic of symmetrically arranged seesaw-structured energy harvesters; (b) Average output power density at different rotating speeds (c) The interior of

PVDF-based energy harvester module; (d) Application of the PVDF film for harvesting the energy from bicycle, motorcycle and car; (e) Schematic diagram of

the motion of PVDF nanogenerator with flowing droplets; (f) Output voltage signal and input pressures curve; (g) Output voltage signal within one period; (h)

System configuration of a rotational energy harvester; (i) Schematic circuit diagram of the capacitor charging; (j) Open circuit voltage from HPNG by air

blowing with different velocity; (k) Response of falling single water drop from different heights.
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Fig. 6 Application of flexible piezoelectric materials in environmental energy harvesting
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