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Figure 1 Energy band disgram of the tribovoltaic effect. Energy band diagram of the p-type semiconductor and the n-type semiconductor (a) in
contact and (b) in sliding. (¢) The movement of the electrons and the holes at the p-type semiconductor and p-type semiconductor interface in sliding.
(d) The illustration of the relation between photovoltaic effect and tribovoltaic effect. £, is the bottom of the conduction band, Ey is the Fermi level of

the semiconductors, and E, is the top of the valence band.
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Figure 2 Tribovoltaic effect at different interfaces. (a) Metal-semiconductor interface; (b) p-n junction [27], Copyright©2020, Wiley-VCH Verlag
GmbH & Co. KGaA, Weinheim; (c¢) metal-insulator-semiconductor structure [28], Copyright©2019, American Chemical Society; (d) metal-insulator-

metal structure [29]. Copyright©2022, American Chemical Society.
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Figure 3 Surface chemistry and superlubrication in the tribovoltaic effect. (a) Schematics of the surface functionalization of the silicon sample, and
(b) schematics of the CAFM experiment [36,37], Copyright©2020, Elsevier Ltd., Copyright©2021, Elsevier Ltd. (c¢) Structure of a graphite-silicon
tribovoltaic nanogenerator, and (d) optical microscopic image of a graphite-silicon tribovoltaic nanogenerator [20]. Copyright©2021, The Author(s).
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Figure 4 The textile tribovoltaic DC nanogenerator [41]. Copyright©2021, American Chemical Society. (a) Schematic diagram of a textile
tribovoltaic DC nanogenerator and (b) the experiment set up of generating of DC current. (c), (d) The electricity generation process of the textile
tribovoltaic nanogenerator. (e), (f) Energy band diagrams of the AI-PEDOT interface in the equilibrium state and sliding state, respectively.
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Figure 5 Contribution of charge transfer induced by contact electrification to the tribovoltaic effect [28]. Copyright©2022, American Chemical
Society. Electron-cloud-potential-well model for contact electrification between GaN and Si (a) in separated state, (b) slight friction state, and (c)
strong friction state. Band diagram of Si and nGaN (d) in a separated state, (e) slight friction state, and (f) strong friction state.
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The tribovoltaic effect

LIN ShiQuan'?, YANG YuHan"? & WANG ZhongLin"*"
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* School of Nanoscience and Technology, University of Chinese Academy of Sciences, Beijing 100049, China;
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Triboelectrification (CE) is a universal phenomenon between any two materials interface. Among them, the triboelectric between
semiconductors has unique properties. When a p-type semiconductor slides on an n-type semiconductor surface, the chemical bond
between the two material interfaces breaks and new chemical bonds are formed under the action of mechanical sliding, releasing
energy “bindington” and exciting the electron-hole pairs at the semiconductor interface. The mechanical sliding excited electron-hole
pairs separate under the action of the built-in electric field at the p-n junction and generate a direct current. This process is similar to
the photovoltaic effect, so the phenomenon is called tribovoltaic effect. The only difference between the tribovoltaic effect and the
photovoltaic effect is that the electron-hole pairs in the tribovoltaic effect are excited by mechanical sliding, while the photovoltaic
effect is excited by photons. In this paper, the research progress of the tribovoltaic effect in recent years is reviewed, and the
technology of tribovoltaic nanogenerator based on the tribovoltaic effect and its potential applications are elaborated. The tribovoltaic
effect is an important part of contact electrification at the semiconductor interface, and its research not only contributes to a better
understanding of the mechanism of contact electrification but also has the potential to advance the development and application of
triboelectrification nanogenerators and semiconductors.

the tribovoltaic effect, semiconductor triboelectrification, interfacial engineering, tribovoltaic generator
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