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Research progress in flexible DC power sources based on tribovoltaic effect
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Abstract: Triboelectrification (TE) is a physical phenomenon that exists on the surface of almost all materials, and the
TE of semiconductor materials is different from the electrification of dielectric materials.At the dynamic interface
between one semiconductor and another semiconductor or a metal, mechanical friction causes the continuous breaking
and rebuilding of chemical bonding between atoms at the interfaces, which could release a quantized energy that is the
binding energy of two atoms (or called as binding ton) to excite non-equilibrium electron-hole pairs. These electrons
and holes can be separated by the built-in electric field formed at the p-n junctions (or Schottky junction,
semiconductor heterojunction), so as to output direct-current (DC)electricity in the external circuits. This phenomenon
is defined as the tribovoltaic effect. It is similar to the photovoltaic effect, but the difference is the exciting energy
sources. In the tribovoltaic effect, electron-hole pairs are excited by the energy released by the instantaneous transition
of atoms at the interface or the energy released when new bonds are formed at the interface; while the photovoltaic
effect is excited by photo energy. This article reviews the research progresses of DCnanogenerators based on the
tribovoltaic effect, including mechanism research, material and device design, surface modification enhancement
strategies, etc. We also discuss the possible applications of tribovoltaic devices as flexible DC power sources for
wearable electronics, with emphases on theirdevice design, performance optimization, and potential application
scenarios.
Key words: tribovoltaic effect; triboelectric nanogenerator; DC generator; flexible power source; tribovoltaic
nanogenerator
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Fig.1 Energy band diagram of tribovoltaic effect
(a) p-type and n-type semiconductors in separated state; (b) p-type and n-type semiconductors in contact state;(c) p-type and n-type
semiconductors in contact or sliding motion; (d) metal and n-type semiconductor in separation state; (¢) metal and n-type semiconductor in
contact or sliding motion; (f) metal and p-type semiconductor in separation state; (g) metal and p-type semiconductor in contact or sliding

motion
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Fig.2 Schematic diagram of tribovoltaic device structure

(a) metal sliding on the semiconductor; (b) semiconductor sliding on another semiconductor; (c) droplet sliding on the semiconductor; (d)

metal sliding on insulator/semiconductor;(e) semiconductor sliding on insulator/semiconductor;(f) metal (semiconductor) probe tip sliding

on semiconductor; (g) metal steel ball sliding on the semiconductor; (h) metal rolling on the semiconductor; (i) metal contacting-separating

with a semiconductor; (j) semiconductor contacting-separating with a semiconductor
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(a) device design of Al/perovskite Schottky junction!?l; (b) tribovoltaic generator!*?l; (c) a DC generator of p-Si sliding on n-GaN
regulated by UV light'?); (d) ICP-RIE processing device!'”]; (e) silicon surface functionalization*¥); (f) graphene-silicon Schottky super

lubricated generator!*3]
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Fig.4 Structure and principle of tribovoltaic DC fabric generatort34]

(a) construction design; (b) power generation process; (c) continuous sliding power generation; (d) continuous electrical output; (e)

energy band diagrams of AI/PEDOT in equilibrium state; (f) energy band diagrams of AI/PEDOT in sliding state
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(c) schematic diagram of the flexible DC generator in different motion modes; (d) typical electrical output of the generator in sliding and
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L) Az PG DA 2: R/ INVASE IS R 7/ P R W Ao B
Fig.6 Application demonstration of tribovoltaic DC power source
(a) schematic illustration of a dynamic metal/perovskite generator(’%); (b) lighting 100 LEDs; (c)powering a thermohydrometer;(d)
poweringa calculator!’!l; (e) flexible tribovoltaic device continuously drives a commercial electronic watchl®%; (f) flexible
graphene/silicon-based power generation wristband®®); (g) wind-driven sensors of silicon/copper sliding structures!’?l;(h) structure of
piezoelectric-tribovoltaic sensorl’3);(i) structure design of semiconductor wire tribovoltaic generatorl?'; (j) prospects of generators being

used for smart factories in Internet of Things[3?
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