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Fig. 1. Internet of things (IOT) based on sensor network!!.
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F 1 M PENG-H IR AL S5 A 33 MOS SMAZ A Y RE LLEE (1 ppm = 1 mg/L)
Table 1.  Comparison of different flexible PENGs-based self-driven gas sensors and MOS-based non-self-driven gas sensors
(1 ppm = 1 mg/L).
WA EL EREPE REE M 7 AP TAESM oAl R Fl
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EFEESHHY 2 (20 ppm) FIBIRTEI2 s / ppit
pHICuORih: /il N .
13250 Mg WS ]2 min,
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Fig. 2. (a) Schematic and (b) piezoelectric output response in different gas environments of ZnO NWs-PENG based self-driven gas

sensor??; (c) schematic and (d) output voltage at different concentrations of ethanol gas of olfactory electronic skin based on PANI/
PTFE/PANI sandwich nanostructurel?®!.

170701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 17 (2020) 170701
In air for 3 h
(a) () 06
0.4 In air for 10 min
Depletion layer % 0.2 HaS 900 ppm
o0
g 0
(<]
> —0.2
—0.4
—0.6
mes Kapton 0 50 100
Al L .
o ZnOa)l,\?\rNs Time/s
= Depletlon layer
@ Electron N NlO . Heating
@ Hole Electron 0.4 Air for 10 min
= NiS
H,S 0.2 H,S 400 ppm
>
~
S
o 0 ofn A
=
o
e —0.24
—0.4+
(b) 0 20 40 60
Time/s
0.4 4
0.3
Solar illuminating
i 0.2+ ” 100 TS0 300 0.4 for 10min
% 0.14
= oo oo UMMM v w'nox SRR o oo ARRRARAML o0 1 H,S 400
E 0.14 i i 0.2 9 ppm
—0.24 z
0.3 1000 ppm g)o
s L £ o
—0.44 =
0l Dry air 100 ppm 200 ppm >O
0 50 100 150 200 —0.24
Time/s
—0.4
0 20 40 60
Time/s
3 AT ZME PENG I8 F 8K ) H,S SUMALIEAR 2 (a) B Al SR 0L ML (b) M Riid #2; (o) 2R

Fig. 3. Self-driven H,S gas sensor based on flexible PENG:

process; (¢) recovery process.
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Fig. 4. Self-driven pressure sensors based on flexible PENG: (a) The weight sensor based on the OPNG can distinguish the subjects
with different weights”; (b) the output response of vibration sensor based on the OPNG in different application conditionst;
(c) self-powered flexible pressure sensor based on P(VDF-TrFE) nanowire arrays can be used for acoustic detection?; (d) sound

pressure sensor based on P(VDF-TrFE)/BaTiOj; piezoelectric reinforced nanocomposite microcolumn arrays can be used to monitor
sound pressure changes!*!.
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Fig. 5. Self-driven biosensors based on flexible PENG are used to monitor (a) finger muscle movement, breathing, heartbeat pulses,

and low-intensity sound waves!*!l, (b) four different breathing modes: deep breathing, gasping, dyspnea, and normal breathing!*!),

(c) human physiological activities such as blinking, vocalization, arm bending, radial artery pulse / heart beating, etcl®!.
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Fig. 6. E-skin (biological) sensors based on flexible PENG: (a)—(c) E-skin tactile sensor based on NiO@SiO,/PVDF nanocomposite
filmb7; (d) self-powered E-skin based on the coupled process of piezoelectric-enzyme reaction can be used to detect glucose levels in

body fluids!'!.
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Fig. 7. Internal integrated SCPC with "sandwich" structure: (a) An integrated SCPC based on PVDF nano-film"; (b) flexible SCPC
based on PVDF-graphene nanosheetsl®; (¢) CuO / PVDF nanocomposite film based novel SCPCI7; (d) SCPC based on PVDF-
PZT nanocomposite film®); (e) mesoporous PVDF nano-film can be used as piezoelectric separator of SCPCI®); (f) all-solid-state
flexible SCPC based on mesoporous PVDF-LiPFj film(™l.
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Fig. 8. Microscopic electrochemical process of porous PVDF nano-film based SCPCI: (a) In the initial stage, the lithium ion con-

centration in the electrolyte is in dynamic equilibrium; (b) when the external force F is applied to SCPC, the piezoelectric material

deforms and a potential difference is generated inside the SCPC; (c) the piezoelectric electric field drives Li* and electrons to con-

duct between the electrodes, promoting the electrode to undergo REDOX reaction; (d) the interior of SCPC gradually reaches dy-

namic equilibrium again; (e) when the external force F is released, Li* and electrons conduct in reverse; (f) the interior of SCPC

tends to be stable and eventually reaches a dynamic equilibrium state.
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Table 2. Summary of flexible substrate materials in SCPC.

HoAk  FEI6E p Rl

[P XA IR /PILL23.25:41,48.40.50.66.70.73 79), Fp el g (90); PDMSHAR[1129:8740.7881 87,
SNEEMT R, BT HAR 33.50.8880], PETHLAR 20.4861.71,72.84.00-03],

G np % "W i /PENPSOT; B ZJ6 /PVCEsI; Jg Jp gt
# 3 PEHRBAPEHLE
Table 3.  Summary of flexible electrode materials in SCPC.

HIr4 PR FEYIRE R
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HZ i W Agl195404100.107.110); faggf e A5144.82.01], Ti11.28.2555); Nii9393); MnO, (1)
# 4 RERBEZOHEHLE
Table 4.  Summary of flexible piezoelectric materials in SCPC.
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# 5 ERAEME SCPC RIS MR H 1 BEAS B
Table 5.  Examples of component materials and output properties of flexible SCPC.
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Flexible sensor and energy storage device based on
piezoelectric nanogenerator

Shen Mao-Liang!  Zhang Yan 1231

1) (School of Physics, University of Electronic Science and Technology of China, Chengdu 610054, China)
2) (Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing 100083, China)
3) (College of Nanoscience and Technology, University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 24 May 2020; revised manuscript received 28 June 2020 )

Abstract

Low-cost, easy-to-deploy and self-driven flexible electronic devices and flexible sensors will bring new
opportunities for developing the internet of things, wearable, and implantable technologies, especially human
health monitoring, tactile perception and intelligent robot electronic skin. Therefore, it is necessary to provide
high-performance and continuous energy supply modules for flexible electronic devices and flexible sensors.
Nanogenerator can achieve high-performance sensing and energy storage characteristics by regulating the
polarization electric field at the interface and surface, which is indeed an ideal adaptation choice. In particular,
flexible piezoelectric nanogenerator can convert mechanical energy into electrical energy by piezoelectric
properties, and can be applied to various deformation conditions such as bending, stretching and compression,
which provides a novel solution to the problems of limited energy supply and insufficient performance in flexible
electronic and self-driven technology. The piezoelectric output response of piezoelectric nanogenerator can be
used not only as an energy signal to self-drive flexible electronic devices, but also as a sensing signal that can be
integrated into the self-driven flexible sensors such as gas sensor, pressure sensor and biological sensor.
Predictably, self-powered gas sensor with energy harvesting and high-sensitivity sensing, and self-charging
power cell with energy harvesting and efficient storage will become hot topics. In this paper, we review the

recent developments of flexible piezoelectric nanogenerators in flexible sensors and energy storage devices.

Keywords: flexible piezoelectric nanogenerator, self-driven sensing, self-charging power cell
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