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Biomass based triboelectric wearable sensors
Wenzhuo Wu'"
1. Purdue University

The capability of sensor systems to efficiently scavenge their operational power from stray, weak
environmental energies through sustainable pathways could enable viable schemes for self-powered health
diagnostics and therapeutics. Triboelectric nanogenerators (TENG) can effectively transform the otherwise wasted
environmental, mechanical energy into electrical power. However, obstacles hindering the development of
efficient triboelectric devices based on biocompatible materials continue to prevail. | will discuss our recent
progress in the design and engineering of biomass materials for biocompatible, wearable triboelectric devices.

Such wearable devices are conformable to human skins and can sustainably perform non-invasive functions,
e.g., gesture recognition and health monitoring, by harvesting the operation power from the human body. The
gained fundamental understanding and demonstrated capabilities enable the rational design and holistic
engineering of novel materials for more capable biocompatible triboelectric devices that can continuously monitor
vital physiological signals for self - powered health diagnostics and therapeutics.

Key words Triboelectric sensors, wearable device, biomass materials
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Flexible Piezoelectret/Piezoelectric Sensors and Actuators for Human-Machine Interactivity
Junwen Zhong™”
1. University of Macau

A fully interconnected and intelligent living environment has been a grand challenge for future smart society
and it is critically essential to develop the interactive sensing and actuating systems to bridge the human-machine
interfaces. Here, flexible sensors and actuators based on high-performance piezoelectret or piezoelectric polymers
are fabricated to selectively perform either the actuating or sensing function. As sensors, both low pressure
detection limit for sensing resolution and excellent stability have been achieved, with typical application in
monitoring human pulse signals for health diagnosis. As actuators, mechanical vibrations with large output
force have been produced for providing haptics feedback to human skin. Such actuators are also used to construct
soft robotics with high agility and controllability to explore surroundings, like detecting gas leakage. The design
principle together with the sensing and driving characteristics can be further developed and extended to other soft
matters and flexible devices.

Key words Nanogenerators, Wearable sensors, Soft actuators, Piezoelectret, Human-Machine Interactivity
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Bilateral Piezoelectric Charge Modulation——A Perspective of Piezo-Phototronic Effect in Multi-Layer
Structured Optoelectronic Devices
Wenbo Peng®”, Fangpei Li?, Chenhong Wang®, Yongning He'
1. Xi'an Jiaotong University
2. LT R

Piezo-phototronic effect utilizes the strain induced piezoelectric charges inside the piezoelectric
semiconductors to modulate the local energy band diagram at the interface of junctions, thus controlling the
photo-generated carriers’ behaviors and the performance of optoelectronic devices. Since its invention in 2010,
piezo-phototronic effect is vastly demonstrated in photodetectors, light-emitting diodes, and solar cells, where
only one interface is modulated by piezoelectric charges. In 2018, we first propose to construct multi-layered
structure for efficient utilization of piezoelectric charges with both polarities and obtain better performance
optimization by piezo-phototronic effect ™, which we recently name as Bilateral Piezoelectric Charge Modulation.
Here, we summarize the recent progresses of our researches on bilateral piezoelectric charge modulation,
including both experimental results and analytical theories.

An n-ZnO/p-Si/n-ZnO double heterojunction bipolar phototransistor is designed, and the regulation of
bilateral piezoelectric charges on bipolar phototransistor’s performances is studied from the perspectives of
theoretical derivation and experimental research simultaneously. A theoretical model of n-ZnO/p-Si/n-ZnO double
heterojunction bipolar phototransistor is established, and the influence of four polar combinations of piezoelectric
charges induced by different strains formed at the interface of two heterojunctions on the characteristics of
phototransistor is carefully studied. The theoretical calculation results show that, when positive piezoelectric
charges are generated at both two interfaces, the regulation of strain on the phototransistor is a superposition of
two positive effects, which can significantly improve the performances of phototransistor. Then an
n-ZnO/p-Si/n-ZnO double heterojunction bipolar phototransistor is experimentally prepared. By rationally
designing the device structure, positive piezoelectric charges could be simultaneously generated at the two
heterojunction interfaces when an external compressive strain is applied. The saturation current of phototransistor
is significantly improved, and the photoresponsivity is also improved to a certain extent by the applied
compressive strain. To further optimize the performances, the effects of interdigitated electrode’s size, substrate
and ZnO layer on the strain regulation of device performance are carefully studied. The experimental results show
that when the p-Si substrate is used, the size of interdigitated electrodes is chosen as channel width Wy = 80 pm,
the channel length L = 5 um, and the number of electrodes N = 14, and the ZnO nanowires layer prepared by low
temperature hydrothermal growth method is used as both emitter and collector, the strain induced bilateral
piezoelectric charges regulation of the obtained bipolar phototransistor is the best. At a compressive strain of
-1.37%, the photoresponsivity is enhanced from 0.96 A/W to 20 A/W with an increase of about 2000%, indicating
the significant modulation of applied strain on the performances of heterojunction bipolar phototransistor.
References
[1] Fangpei Li, Wenbo Peng, Zijian Pan, and Yongning He, Optimization of Si/ZnO/PEDOQOT:PSS tri-layer
heterojunction photodetector by piezo-phototronic effect using both positive and negative piezoelectric charges,
Nano Energy, 2018, 48, 27-34.

Key words Piezo-Phototronic; Heterojunction Bipolar Phototransistor; Bilateral Piezoelectric Charge Modulation
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Jianhua Hao""
1. The Hong Kong Polytechnic University

Among various functionalities, 2D materials possessing piezoelectricity widely employed for applications in
energy harvesters, actuators, and sensors. Due to the ultrathin dimension and the remarkable mechanical
endurance against large strain, 2D piezoelectric materials are promising to be employed for nanoscale devices
achieving high performance and low power consumption, motivating researchers to explore novel
low-dimensional piezoelectric materials with strong electromechanical effects. It is important to study on the
piezoelectric effect of this vdW layered material when approaching the 2D limit. Particularly, it is required to
explore more potential applications in the nanoelectronics utilizing their piezoelectric properties. Herein, we
quantitatively and systemically evaluate the thickness-dependent large piezoelectric coefficients in two kinds of
piezoelectric nanosheets using piezoresponse force microscopy (PFM) technique. Piezotronic effect in the layered
nanosheets is demonstrated under stresses. We explore the investigation of the layered nanosheets-based
piezoelectric nanogenerators and evaluate their device performances. Our work reveals the strong piezoelectricity
in 2D nanosheets and its great potential in nanoscale piezotronics and energy harvesting applications on various
substrates. The works are supported by the grants from the National Natural Science Foundation of China (No.
51972279), Research Grants Council of Hong Kong (PolyU GRF PolyU 153025/19P), and PolyU Otto Poon
Charitable Foundation Research Institute for Smart Energy (Q-CDBD).

Key words ultrathin film synthesis; piezoelectric response; piezoelectric nanogenerator
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Materials and devices for flexible/wearable self-charging power system
Fang Yi""
1. Sun Yat-sen University

Energy crisis is one of the hottest topics revolving around the world. With the rapid development of
flexible/wearable electronics, their energy sources become a big challenge. Flexible/wearable self-charging power
systems are a promising approach to address this challenge, which power electronics by harvesting energy from
the environment or human body. Here, I will talk about our recent works on the design and fabrication of
materials/devices for applications in flexible/wearable self-charging power systems. We developed highly
adaptive triboelectric nanogenerators, multi-model sensors, and supercapacitor electrode materials with high
performance for flexible/wearable self-charging power systems; and demonstrated the sustainable operation of
various wearable electronics by the self-charging power systems. The correlative design principles, working
mechanisms and future challenges will also be discussed.
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1. Ya Yang*. "Hybridized and Coupled Nanogenerators. Design, Performance and Applications”,
DOI:10.1002/9783527346332, Publisher : Wiley-VCH, 2020.

2. Ya Yang*. "Pyroelectricity gain in multilayers”, Nature Energy, 2022, 7, 1007-1008.

3. Yang Wang, Heting Wu, Lin Xu, Hainan Zhang, Ya Yang*, and Zhong Lin Wang*. "Hierarchically patterned
self-powered sensors for multifunctional tactile sensing”, Science Advances, 2020, 6, eabb9083.

4. Minggiang Liu, Jia-Ao Wang, Wantana Klysubun, Gui-Gen Wang*, Suchinda Sattayaporn, Fei Li, Ya-Wei Cali,
Fuchun Zhang, Jie Yu, and Ya Yang*. "Interfacial Electronic Structure Engineering on Molybdenum Sulfide for
Robust Dual-pH Hydrogen Evolution", Nature Communications, 2021, 12, 5260.
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A biodegradable Silk-based flame-retardant triboelectric nanogenerator for fire warning and GPS
positioning
Jinming Ma"”*

1. Hebei Key Laboratory of Nano-biotechnology, Yanshan University

Emerging technologies such as the Internet of Things and artificial intelligence are driving the rapid
development of flexible wearable energy and sensor devices. Triboelectric nanogenerator (TENG) can convert
distributed high entropy energy from the environment into electrical energy, and they have gained wide attention
in the field of flexible/wearable electronics as self-powered micro/nano energy sources and self-powered sensors.
Natural silk films have biocompatibility and biodegradability, and flexible TENGs based on silk have been
reported, but they suffer from problems such as limited use in extreme environments such as high temperatures.
Therefore, improving the stability and flame retardancy of silk films has become the focus of research. Herein,
calcium chloride is introduced as a flame retardant to prepare a flame retardant silk fibroin protein film. A
silk-based flame retardant TENG (FR-TENG) with single electrode is constructed using SF as the friction layer
and Ag NWs as the electrode layer. FR-TENG has high electrical output performance and fatigue resistance, and
can be used as micro-nano energy to charge capacitors. Based on FR-TENG, a forest fire alarm and GPS
positioning system triggered by frictional electrical signals are constructed, which can quickly and accurately
locate the geographical position of trapped people or rescuers, broadening the application of frictional
nanogenerators in fire rescue scenarios.

Key words Triboelectric nanogenerator; Flame retardant; Silk; Fire warning
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D15-30
Interface modulation and structure design of flexible lead-free piezoelectric composites
Qilong Zhang™", Zheng Zhou®, Jing Wang®, Zhao Zhang', Zhaoyue Xia*
1. School of Materials Science and Engineering, Zhejiang University

Piezoelectric composite thin films have been widely used in the fields of energy collection and self-powered
sensing due to their high-voltage electrical properties, mechanical flexibility, and simple and efficient preparation
methods. However, designing and preparing lead-free piezoelectric composite films for high-voltage output
remains a huge challenge. Here, from the viewpoints of interface modulation and structure design, serval
piezoelectric composite films such as BT@C-P(VDF-TrFE), Ag/BCZT-PVDF, and porous structure P(VDF-TrFE)
were constructed, and their output performance of piezoelectric generators were systematically studied. The
results indicated that these special structure composite films can lead to the formation of more polar B phase,
resulting in the enhanced piezoelectricity of composites and the boosted output performances of lead-free PENGs.
Additionally, the potential applications of lead-free piezoelectric composites in energy harvesting (including
harvesting energy from environmental vibration and human motions), self-powered sensing (including detecting
physical motions and physiological signals) and human-machine interfaces are also broadly exploited, which
enrich the applications of lead-free PENGs.

Key words Lead-free piezoelectric materials; Interface modulation; Structure design; composites; Piezoelectric
nanogenerators
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To provide a sustainable power solution, triboelectric nanogenerator (TENG) has been developed since 2012
for high-efficiency mechanical energy harvesting from the ambient environment. The PI’s team has made
significant contributions to fundamental studies about the triboelectric effect, discharge, and TENG output
characteristics. and Multiple strategies to greatly enhance the output performance of TENG has been demonstrated,
such as the high-pressure environment and the liquid-solid interface. On the other hand, the PI’s team also
proposed and developed the concept of tribophotonics: tribo-charge induced tuning or generation of photons
toward self-powered wireless sensing, which can be achieved through tunable liquid lens, liquid crystal, optical
switch, tribo-induced electroluminescence (TIEL), and discharge.

D15-34
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W
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Triboelectric nanogenerator (TENG) has attracted intense research interests in recent years for its
applicability in portable and wearable electronics. However, for practical applications, the durability and
survivability of TENG in complex working environments is a vital issue which must be addressed. We develop
various TENGs based on functional polymer materials to satisfy specific application scenarios. A self-healing,
flexible, and tailorable TENG is designed as a wearable sensor to monitor human motion based on thermal effect
of infrared radiation. To improve the environment resistance, an icephobic and ultrafast self-healing TENG with
outstanding non-drying and non-freezing properties is fabricated for energy harvesting and self-powered sensor.
To further develop the wide utilization of TENGs, 4D printing technology is introduced to fabricate the
self-recovered TENGs, which provide excellent self-recoverability and open a path to fabricate complicated
structure.

Key words Triboelectric nanogenerator, Self-healing, Self-recovered, Reliability, Self-powered sensor
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D15-43
Highly Tunable Piezoelectricity at a Freestanding Ferroelectric Membrane
Lu Han ™" Xinrui Yang *,Yingzhuo Lun 2 Jiawang Hong % Yuefeng Nie *
1. Nanjing University
2. Beijing Institute of Technology

The combination of strain and electrostatic engineering in ferroelectric domains offers opportunity for
enhanced piezoelectricity! . However, substrate clamping is a dominant effect during domain formation®, which
also limits the electromechanical response and often leaves electrostatics to play a relatively minor role.
Freestanding membranes, which are free of substrate constraints, enable adjustment between elastic and
electrostatic forces®™®, giving rise to dramatically enhanced or tunable functionalities. Here, a temperature-based
approach to tune the longitudinal piezoelectricity at a freestanding PbTiO3; membrane is demonstrated, which
arises from the rearrangement of ferroelectric domains. Significantly, c/a domain structure has an enhanced
piezoelectric coefficient of x 2.5 compared with typical ¢ domain PbTiO3 and giant piezoelectricity tunability (up
to thirty times) can be achieved!”. This work presents a strategy to greatly manipulate the piezoelectricity in
freestanding ferroelectric membranes, and we expect the low-dimensional materials with highly-tunable
piezoelectricity reported here to permit applications in soft actuators and vibration sensors.
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Triboelectric nanogenerator (TENG) offers an excellent potential for the conversion of mechanical energy
from rain into electricity. However, a high-performance TENG is yet to be achieved because a quantitative
analysis method for the energy conversion process is still lacking. Herein, we present a quantitative analysis
method, termed the kinetic energy calculation and current integration (KECCI) method, which significantly
improves our understanding of the energy conversion process. A high-performance TENG is developed by
systematically optimizing a biomimetic surface structure and instant switch design, with 1.25 mA current, 150 V
voltage, and energy conversion efficiency of 24.89 %. Furthermore, multi-layered TENGs are designed and
integrated with photovoltaics, achieving all-weather energy harvesting. Our work presents a validated theoretical
basis that will guide further development of TENGs and promote the commercialization of hybrid TENG systems
for all-weather applications.

Key words triboelectric nanogenerators, energy conversion analysis, superhydrophobicity, solar cell, hybrid
energy harvesting
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FE, WILAEREIRSN AR, G 7L AC-TENG FEEREMT A e B A7k o A A E IR A e Ik 3N HL 7
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1. J. Wang, et al. Nature Communications 7, 12744 (2016).

2. J. Wang, et al. Nature Communications 8, 88 (2017).

3. D. Liu, et al. Nature Communications DOI:10.1038/s41467-022-33766-z.
4. D. Liu et al. Science Advances 5, eaav6437 (2019).

5. Z. Zhao, et al. Nature Communications 11, 6186 (2020).

6. Z. Zhao, et al. Nature Communications 12, 4686 (2021).
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(1) Y.Z. Zhang, H.W. Zheng, X.F. Wang, Zhong Lin Wang, et al., ACS Nano, 14(2020)10723
(2) Y. Zhou, H.W. Zheng, Zhong Lin Wang, et al., Appl. Phys. Lett., 119(2021)121104
(3) J.T. Wang, Y.J. Zhang, H.W. Zheng, et al., Nanoscale, 15(2023)7068
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D15-56
Interactive Neuromorphic Synaptic Devices and Systems
PR
1. PRI AL AR BER S R Gt 7E

This talk will mainly cover the significant progress concerning on artificial synapses correlated with
mechanical, optical, pressure and strain trigger-signals. Based on our researches, “bioinspired interactive
neuromorphic device” will be the core in this presentation. This talk will start from the principle of neurosynaptic
devices activated by different sensing signals and introduce the influence of external signals on synaptic plasticity.
It will also introduce the research progress of interactive neuromorphic synaptic devices/systems inspired by
pressure, touch, displacement, light, heat, and mixed signals, and look forward to the future applications of
interactive neuromorphic synaptic devices/systems. The interactive neuromorphic synaptic device will involve
electronic devices, neuromorphic computation, sensors, and human-machine interactions, which is highly
promising for revolutionary artificial synapse and neuromorphic systems.

Key words neuromorphic transistors, artificial synapse, triboelectric potential, tribotronics, mechanoplastic
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Electronic textiles, inherited with the wearability of conventional clothes, are deemed fundamental for
emerging wearable electronics, particularly in the Internet of Things era. However, the electronic waste produced
by electronic textiles will further exacerbate the severe pollution in traditional textiles. Here, we develop a
large-scale green electronic textile using renewable bio-based polylactic acid and sustainable eutectic
gallium-indium alloys. The mass loss and performance change rates of the reconstituted green electronic textiles
are all below 5.4% after going through the full-cycle recycling procedure. This green electronic textile delivers
high physiological comfort (including electronic comfort and thermal-moisture comfort), enables wireless power
supply (without constraints by e.g. wires and ports), has two orders of magnitude better air and moisture
permeability than the body requires and can lower skin temperature by 5.2°C.
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Flexible self-power triboelectric generators (TENGs) have attracted worldwide attention in the fields of

optoelectronic systems, communication and biomedical diagnostics due to its outstanding energy collection
capacity and high output potential. Wood is an ideal material for construction of high performance TENG. Herein,
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a porous wood based flexible triboelectric sensor (PWFTS) as a wearable motion testing system with ultra-large
folding curvature and extreme high stability for real-time body motion monitoring is presented. With a over 180°
curving angle, the output power of the PWFTS from porous wood is more than 200% compared with that from
natural wood. Moreover, a rapid degradation of as low as 36h with extremely reliable repeatability and stability
leads to an ideal candidate for wearable devices. The enhancement of such PWFTS may open up opportunities in
innovative applications in various optoelectronic devices and flexible integrated systems.

Key words Porous wood; Flexible device; Wearable; Triboelectric nanogenerator; Degradable.
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1. Zhuo Wang, Zhirong Liu, Gengrui Zhao, Zichao Zhang, Xinyang Zhao, Xingyi Wan, Yalong Zhang, Zhong Lin
Wang*, Linlin Li*. ACS Nano 2022, 16, 1, 1661-1670
2. Zhuo Wang #, Shuncheng Yao #, Shaobo Wang, Zhirong Liu, Xingyi Wan, Quanhong Hu, Yunchao Zhao,
Cheng Xiong, Linlin Li*, Chemical Engineering Journal. 2023, 463, 142427.
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D15-P001

A Self-powered Non-contact Triboelectric Nanogenerator Enhanced by MXene Nanoparticles for
Intelligent Vehicle
Zhaoyang Wang “*,Cong Zhao *,Yawei Wang *,Zheng Tan *,Qingyu Chen ? Jianing Ren *,Minyi Xu *
1. Dalian Maritime University
2. Information Science and Technology College, Dalian Maritime University
3. Transportation Engineering College, Dalian Maritime University

Intelligent Vehicle has provided a promising way to construct the intelligent mobility and society in the
future. The intelligent vehicle can perform the task of environmental perception, driving perception and
information transmission, which aims to make the motoring much safer and more energy efficiency. The
intelligent vehicle relies on the reliable sensors to help to automatically understand the scene and make the
decision through perceiving the surroundings. Herein, we proposed a self-powered non-contact triboelectric
nanogenerator (SNC-TENG) for the perceiving of the smart vehicle via the effect of the electrostatic induction.
The MXene/silicone composite layer serves as the dielectric layer of the SNC-TENG. The unique designed
structure enables the SNC-TENG to simultaneously possess the merits of large-scalability, structural-reliability
and flexibility. The silicone rubber has been widely used as the dielectric material of the TENGs due to the high
flexibility and electronegativity. Mxene (TizC,Ty) has been proved a popular triboelectric material for TENG
applications due to its high electronegativity, good conductivity, and high charge capture ability, which can greatly
improve the output performance of TENG. The scanning electron microscopy (SEM) of the Mxene (TisC,Ty)
nanoparticle which exhibits the multilayer structure. The incorporated MXene (TizC,Ty) nanoparticles enhance the
surface charge density resulting from the improvement of the electron trapping capacity. The mechanism is
discussed in detail in this work. The outputs of the SNC-TENG dependent on the distance, frequency, moving
increment and area are systematically investigated. And the experimental result reveals the voltage output of the
SNC-TENG is related to the electro-positivity of the objective materials. Specially, as the volunteer walks through
the sensor, the real-time voltage of the SNC-TENG can reach 3.5V, revealing its potential in practical application.
Due to the advantages in all aspects, the SNC-TENG is successfully demonstrated in various application on the
intelligent vehicles. Last, the SNC-TENG is attached in the actual vehicle to detect the approaching person,
revealing its potential in practical application. It is believed that the designed SNC-TENG, as the medium of the
information interaction between the vehicle and surrounding environment, will meet the wide application fields of
the intelligent vehicles.

Key words Triboelectric nanogenerators; non-contact perception; self-powered sensors; MXenes; smart vehicles

D15-P002

Preparation and performance study of PDMS nanofibre-based flexible triboelectric nanogenerator
Qiran Zhang *", Tifeng Jiao *,Jinming Ma *
1. Yanshan University

As an energy conversion technology, triboelectric nanogenerators (TENG) has opened up new areas of high
entropy energy applications, and has been widely researched in multidisciplinary interdisciplinary fields such as
the Internet of Things, human-computer interaction, blue energy and health care. However, flexible TENG breaks
through the barriers of traditional energy devices with rigid structures, providing new ideas for the energy supply
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of flexible wearable electronic devices as micro/nano energy sources and self-powered sensors. The development
of high-performance TENG with stretchability and breathability is of great importance for the development of
flexible wearable electronics. Herein, polydimethylsiloxane (PDMS) nanofiber film is designed by coaxial
electrostatic spinning method, which has good transparency, breathability, and stretchable properties. PDMS
nanofibre film as negative triboelectric layer, poly-e-caprolactone (PCL) film also designed by electrostatic
spinning method as positive triboelectric layer material, and sprayed silver nanowires as electrode to construct a
single electrode triboelectric nanogenerator (P-TENG) with a power density of 0.39 W/m?, which can successfully
charge commercial capacitors and drive electronic watches as a wearable energy device. Therefore, the stretchable
TENG with good breathability, providing another approach for the widespread application of TENG based on
PDMS in the field of intelligent wearables.

Key words Triboelectric nanogenerator; PDMS; Stretchable; Breathability
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Smart Pillow Based on Flexible and Breathable Triboelectric Nanogenerator Arrays for Head
Movement Monitoring during Sleep
Jiabin Zhang *” haiying Kou *,ding Li *,zhonglin Wang *
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Sleep quality plays an essential role in human health and has become an index for assessing physical health.
Selfpowered, sensitive, noninvasive, comfortable, and low-cost sleep monitoring sensors for monitoring sleep
behavior are still in high demand. Here, a pressure-sensitive, noninvasive, and comfortable smart pillow is
developed based on a flexible and breathable triboelectric nanogenerator (FB-TENG) sensor array, which can
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monitor head movement in real time during sleep. The FB-TENG is based on flexible and breathable porous
poly(dimethylsiloxane) (PDMS) with a fluorinated ethylene propylene (FEP) powder and exhibits pressure
sensitivity and durability. The electrical output of the FB-TENG is further optimized by modifying the porous
structure and the FEP powder. Combining the FB-TENG and the flexible printed circuit (FPC), a self-powered
pressure sensor array is fabricated to realize touch sensing and motion track monitoring. The smart pillow is
formed by laying the self-powered pressure sensor array on an ordinary pillow to realize real-time monitoring of
the head position in a static state and head movement trajectory in a dynamic state during sleep. Additionally, the
smart pillow also has an early warning function for falling out of bed. This work not only provides a viable
sensing device for sleep monitoring but also could be extended to real-time monitoring of some diseases, such as
brain diseases and cervical spondylosis, in the future. It is expected to introduce a practical strategy in the
real-time mobile healthcare field for disease management.

Key words sleep monitoring, smart pillow, triboelectric nanogenerator, pressure sensor array, head movement
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Adaptive Wind-Evoked Power Devices for Autonomous Motor Control Applications
Bingjun Wang *Wei Sha *,Qilin Hua *
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

With the explosive development of artificial intelligence, power devices integrated with real-time sensing
functions have attracted tremendous attention and will play an important role in intelligent control applications. In
this work, a cantilever-structured AlGaN/AIN/GaN high electron mobility transistor integrated with ultrahigh
sensitivity and large output power modulation is fabricated through a low-damage anisotropic and isotropic
etching process, and achieves excellent electrical performance with a maximal output current of 236 mA/mm at a
gate bias of 1 V. Due to the facile structure of cantilever, the device is capable for sensing external stimuli, e.g.,
gentle wind, and in turn control power output. Significantly, the device exhibits an extraordinarily large output
power modulation (AP: 1.68x10® W/cm?) under external stimuli in the saturation region, and obtains an ultrahigh
strain sensitivity (gauge factor: 1472) under gate voltage in the linear region. Moreover, the wind-evoked
mutational behavior of crickets is emulated by the device to demonstrate the capability of autonomous motor
control. Such wind-evoked power devices ingeniously coupled with dynamic piezotronic effect will have great
significance in real-time sensing and actuation applications in artificial intelligence, autonomous driving, and
aerospace.

D15-P012
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Ultrastretchable Organogel/Silicone Fiber- Helical Sensors for Self-Powered Implantable Ligament
Strain Monitoring
HMRUE T AR YL Tk
1 P EBRA AL PR REIR S RS

Some of implantable sensors have some shortcomings, such as requiring an external power supply or poor
flexibility and stability. Herein, an organogel/silicone fiber-helical sensor based on a triboelectric nanogenerator
(OFSTENG) is developed for power-free and sutureable implantation ligament strain monitoring. The OFS-TENG
with high stability and ultrastretchability is composed of an organogel fiber and a silicone fiber intertwined with a
double helix structure. The organogel fiber possesses the merits of rapid preparation (15 s),good transparency
(>95%), high stretchability (600%), and favorable stability (over 6 months). The OFS-TENG is successfully
implanted on the patellar ligament of the rabbit knee for the real-time monitoring of knee ligament stretch and
muscle stress, which is expected to provide a solution for real-time diagnosis of muscle and ligament injuries.
RHE7 organogel, triboelectric nanogenerators, implantations, self-powered sensors, ligament strain monitoring

D15-P013

Helical Fiber Strain Sensors Based on Triboelectric Nanogenerators for Self-Powered Human
Respiratory Monitoring
T ) YL ARt
1. P EBREA AL PR REIR S RS

Respiration is a major vital sign, which can be used for early illness diagnosis and physiological monitoring.
Wearable respiratory sensors present an exciting opportunity to monitor human respiratory behaviors in a
real-time, non-invasive, and comfortable way. Fifiber-shaped triboelectric nanogenerators (FS-TENGSs) are
attractive for their comfort and high degree of freedom. However, the single-electrode FS-TENGs cannot respond
to their own tensile strains, and the coaxial double-electrode FS-TENGs show low sensitivity to strain due to
structural limitations. Here, a type of helical fifiber strain sensor (HFSS) is developed, which can respond to tiny
tensile strains. In addition, a smart wearable real-time respiratory monitoring system is developed based on the
HFSSs, which can measure some key breathing parameters for disease prevention and medical diagnosis. An
intelligent alarm can automatically call a preset mobile phone for help in response to respiratory behavior
changes.

K7 fiber-shaped, strain sensing, helical structure, triboelectric nanogenerators, respiratory monitoring
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High output direct-current power fabrics based on the air breakdown effect
Xiao Chen *",Renwei Cheng ! Kai Dong *,Zhong Lin Wang *
1. Beijing Institute of nanoenergy and systems

Energy-harvesting textiles based on triboelectric nanogenerators (TENGS) have attracted intenseattention,
due to their broad potential applications in wearable electronics. However, the bottlenecks oflimited and
alternating current electrical output have greatly hindered the development of textile TENGs.Here, by simply and
easily coating two electrodes on the top side (breakdown electrode) and bottomside (friction electrode) of a
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polyester—cotton fabric, a light-weight, highly flexible and wearable fabricbased direct current TENG
(FDC-TENG) with high power output is developed. Various structuralparameters and environmental factors are
thoroughly and systematically explored for comprehensiveunderstanding of the FDC-TENG. The surface charges
induced by triboelectrification can beunidirectionally and efficiently harvested through the conductive plasma
channel caused by airbreakdown, which endows the finger-sized FDC-TENG with the abilities to light up 99
bulbs and 1053 LEDs and drive watches and calculators easily and directly without rectifying or capacitor
charging. Thiswork may provide a paradigm shift for high output direct-current power fabrics and expand their
scopefor application in wearable electronics.

Key words Triboelectric nanogenerator, energy harvesting ,smart textiles

D15-P015

Stretchable, Washable, and Ultrathin Triboelectric Nanogenerators as Skin-Like Highly Sensitive
Self-Powered Haptic Sensors
Chuanhui Wei **,Yang Jiang ! Kai Dong *,Zhong Lin Wang *
1. Beijing Institute of Nanoenergy and Nanosystems, CAS

Accompanying the boom in multifunctional wearable electronics, flexible, sustainable, and wearable power
sources are facing great challenges. Here, a stretchable, washable, and ultrathin skin-inspired triboelectric
nanogenerator (SI-TENG) to harvest human motion energy and act as a highly sensitive selfpowered haptic sensor
is reported. With the optimized material selections and structure design, the SI-TENG is bestowed with some
merits, such as stretchability (=800%), ultrathin (=89 um), and light-weight (=0.23 g), which conformally attach
on human skin without disturbing its contact. A stretchable composite electrode, which is formed by
homogenously intertwining silver nanowires (AgNWSs) with thermoplastic polyurethane (TPU) nanofiber
networks, is fabricated through synchronous electrospinning of TPU and electrospraying of AgNWs. Based on the
triboelectrification effect, the open-circuit voltage, short-circuit current, and power density of the SI-TENG with a
contact area of 2 x 2 cm? and an applied force of 8 N can reach 95 V, 0.3 uA, and 6 mW m 2, respectively. By
integrating the signalprocessing circuits, the SI-TENG with excellent energy harvesting and selfpowered sensing
capability is demonstrated as a haptic sensor array to detect human actions. The SI-TENG exhibits extensive
applications in the fields of human—-machine interface and security systems.

Key words triboelectric nanogenerators, electronic skins, flexible electronics

D15-P016

Enhanced Output of On-Body Direct-Current Power Textiles by Efficient Energy Management for
Sustainable Working of Mobile Electronics
Renwei Cheng *",Kai Dong *,Zhong Lin Wang *
1. Beijing Institute of Nanoenergy and Nanosystems

Triboelectric power textile (TPT) that can harvest widespread but always neglected human biomechanical
energy is considered a promising and reliable energy source for wearable electronics. However, the alternating
current and high impedance of triboelectric nanogenerators as well as the meager electrical output caused by the
properties of the textile itself greatly restrict its practical applications. Here, an autonomous power textile with
practical application value, which consists of a high-output direct-current TPT (DC-TPT) and a miniaturized
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energy management module (EMM), is achieved for continuous operation of wearable and mobile electronics.
The home-preparable multiarray DC-TPT can harvest transferred charge of 5.5 uC per cycle with nine repeating
units. Moreover, it is found that incorrect sewing positions of the polytetrafluoroethylene (PTFE) yarn change the
working mechanism with a decreased DC output. The EMM with energy conversion efficiency of 82.6% can
reduce the impedance of DC-TPT from 200 to 1.6 MQ. With its powerful assistance, the watch can work
continuously for 172 s just by manually sliding the DC-TPT 1.6 s on an arm, and wireless signals can be
transmitted to 281 m away after sliding for 2 min. Various widely used electronics can also be easily and
continuously driven.

Key words Triboelectric nanogenerator, energy harvesting, smart textiles, energy management

D15-P017

Flame-Retardant Textile-Based Triboelectric Nanogenerators for Fire Protection Applications
Tianmei Lv " Renwei Cheng *,Kai Dong *,Zhong Lin Wang *
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing

Textile-based triboelectric nanogenerators (T-TENGs),combining the functions of energy harvesting and
self-poweredsensing with advantages of breathability and flexibility, have receivedintensive attention, which is
vital to the rapid advancements in smarttextiles. However, there exists few reports of T-TENGs applied to
firesunder the intelligent era of high requirements for devices withversatility and multiscenario practicability. Here,
in combination withflame-retardant conductive cotton fabric, polytetrafluoroethylene coated cotton fabric, and a
divider, a low-cost and environmentallyfriendly  flame-retardant  textile-based  triboelectric
nanogenerator(FT-TENG) is developed, which is endowed with excellent fireresistance and outstanding energy
harvesting capabilities. The cottonfabrics treated with a layer-by-layer self-assembly method show
greatself-extinguishing performance. Besides, the maximum peak power density of the FT-TENG can reach
343.19 mW/m? underthe tapping frequency of 3 Hz. Furthermore, the FT-TENG still keeps 49.2% of the initial
electrical output even after beingburned at 17 different positions; 34.48% of the electrical output is also retained
when the FT-TENG is exposed to 220 °C.Moreover, the FT-TENGs are successfully applied as energy harvesters
for firefighters and self-powered sensors for forest self rescue and fire alarm systems. This work may provide a
promising potential for multifunctional smart textiles in energyharvesting, self-powered sensing, and life or
property security.

Key words flame retardancy, triboelectric nanogenerator, self-powered, smart textiles, layer-by-layer assembly

D15-P018

Ultrathin Eardrum-Inspired Self-Powered Acoustic Sensor for Vocal Synchronization Recognition with
the Assistance of Machine Learnin
Yang Jiang **,Zhong lin Wang *
1. Beijing Institute of Nanoenergy and Nanosystems

With the rapid development of human—machine interfaces, artificial acoustic sensors play an important role
in the hearing impaired. Here, an ultrathin eardrum-like triboelectric acoustic sensor (ETAS) is presented
consisting of silver-coated nanofibers, whose thickness is only 40 um. The sensitivity and frequency response
range of the ETAS are closely related to the geometric parameters. The ETAS endows a high sensitivity of 228.5
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mV Pa *at 95 dB, and the ETAS has a broad frequency response ranging from 20 to 5000 Hz, which can be tuned
by adjusting the thickness, size, or shape of the sensor. Cooperating with artificial intelligence (Al) algorithms, the
ETAS can achieve real-time voice conversion with a high identification accuracy of 92.64%. Under good working
property and the Al system, the ETAS simplifies signal processing and reduces the power consumption. This work
presents a strategy for self-power auditory systems, which can greatly accelerate the miniaturization of
self-powered systems used in wearable electronics, augmented reality, virtual reality, and control hubs for
automation.

Key words Triboelectric nanogenerator; self-powered; acoustic sensor; voice recognition; machine learning

D15-P019

Self-Powered Intelligent Buoy Based on Triboelectric Nanogenerator for Water Level Alarming
Xi Liang **
1. Beijing institution of nanoenergy and nanosystem

With increasing global warming, catastrophic floods have threatened people’s lives seriously and caused
huge economic losses. However, present water hazard alarming systems generally rely on commercial batteries,
limiting the intelligent development of disaster prevention planning and maintenance costs. In order to break the
limitation, this work applies triboelectric nanogenerators (TENGs) to water hazard alarming. Based on
the TENG, a self-powered intelligent buoy is constructed. Utilizing the buoy to transmit 433 MHz radio
frequency signals to 25 meters away, a water level alarm system and a water level information exchange system
with a mobile phone are successfully realized. This work extends applications of TENGs toward water wave
energy harvesting and provides a new strategy for water hazard alarming, which is conducive to the fields of
carbon neutralization, Internet of Things, and disaster prevention.

Key words self-powered, triboelectric nanogenerator, blue energy
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D15-P021
Ultralight, elastic, hybrid aerogel for flexible/ wearable piezoresistive sensor and solid-solid/ gas-solid

coupled triboelectric nanogenerator
Tianci Huang " Weiguo Hu *
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1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Aerogels have been attracting wide attentions in flexible/wearable electronics because of their light weight,
excellent flexibility and electrical conductivity. However, multifunctional aerogel-based flexible/ wearable
electronics for human physiological/ motion monitoring, and energy harvest/ supply for mobile electronics, have
been seldom reported yet. In this study, a kind of hybrid aerogel (GO/CNT HA) based on graphene oxide (GO)
and carboxylated multiwalled carbon nanotubes (CMWCNTs) was prepared which can not only used as
piezoresistive sensors for human motion and physiological signal detections, but also as high performance
triboelectric nanogenerator (TENG) coupled with both solid-solid and gas-solid contact electrifications (CE). The
repeatedly loading-unloading tests with 20000 cycles exhibited its high and ultra-stable piezoresistive sensor
performances. Moreover, when the obtained aerogel was used as the electrode of a TENG, high electric output
performance was produced due to the synergistic effect of solid-solid, and gas-solid interface CEs
(three-dimensional electrification: solid-solid interface CE between the two solid electrification layers; gas-solid
interface CE between the inner surface of GO/CNT HA and the air filled in the aerogel pores). This kind of
aerogel promises good applications for human physiological / motion monitoring and energy harvest / supply in
flexible/ wearable electronics such as piezoresistive sensors and flexible TENG.

Key words aerogel, multifunction, triboelectric nanogenerator, piezoresistive sensors
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Suppressing the Exacerbated Hydrogen Evolution of Porous Zn Anode with an Artificial
Solid-Electrolyte Interphase Layer
Xue Bai *",Weiguo Hu *
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Rechargeable Zn batteries are widely studied as aqueous, safe and environmentally friendly alternatives to
Li-ion batteries. The 3D porous Zn anode has been extensively reported for suppressing the Zn dendrite growth
and accelerating the electrode kinetics. However, we demonstrate herein that the undesirable hydrogen evolution
reaction (HER) is also exacerbated for porous Zn electrode. Therefore, a polytetrafluoroethylene (PTFE) coating
is further applied on the porous Zn serving as the artificial solid-electrolyte interphase (SEI), which is
demonstrated to effectively inhibit the hydrogen evolution and maintain the Zn plating kinetics. By utilizing the
synergistic effects of the porous morphology and artificial SEI layer, better performances are obtained over porous
Zn or bare Zn foil, including the dendrite-free Zn plating/stripping up to 2000 h at 2 mA cm™, and extended
cycling in the Zn||V,0s cell. This work suggests two complementary strategies for achieving simultaneously
dendrite-free and side-reaction-suppressed Zn batteries.

Key words dendrite-free anode, hydrogen evolution, Zn battery, metal electrode, interface modification.
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Mechanically Ultra-Robust, Elastic, Conductive, and Multifunctional Hybrid Hydrogel for a
Triboelectric Nanogenerator and Flexible/Wearable Sensor
Junwen Zhong **
1. University of Macau

A fully interconnected and intelligent living environment has been a grand challenge for future smart society
and it is critically essential to develop the interactive sensing and actuating systems to bridge the human-machine
interfaces. Here, flexible sensors and actuators based on high-performance piezoelectret or piezoelectric polymers
are fabricated to selectively perform either the actuating or sensing function. As sensors, both low pressure
detection limit for sensing resolution and excellent stability have been achieved, with typical application in
monitoring human pulse signals for health diagnosis. As actuators, mechanical vibrations with large output
force have been produced for providing haptics feedback to human skin. Such actuators are also used to construct
soft robotics with high agility and controllability to explore surroundings, like detecting gas leakage. The design
principle together with the sensing and driving characteristics can be further developed and extended to other soft
matters and flexible devices.
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