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(54) SINGLE-ELECTRODE FRICTION NANO GENERATOR, POWER GENERATION METHOD AND 
SELF-DRIVEN TRACKER

(57) The present invention provides a single-elec-
trode triboelectric nanogenerator based on different tri-
boelectric properties of polymer material and metal ma-
terial, and further provides a tracking system based on
the nanogenerator. The tracking system comprises an
array formed by a plurality of nanogenerators; when an
object moves on the tracking system, a pressure is ap-
plied on the nanogenerator causing two layers of triboe-
lectric material constituting the nanogenerator to contact

with each other and thereby outputting an electrica sig-
nal. When the object has left the nanogenerator, the two
layers of the triboelectric material constituting the nano-
generator are separated from each other under the action
of an elastic material and output an electrical signal as
well. The tracking system based on the triboelectric na-
nogenerator according to the invention may track the
movement path of certain objects, and has advantages
of self-driven, low cost, and simple structure.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a triboelectric
nanogenerator, and specifically, to a single-electrode tri-
boelectric nanogenerator, a generating unit, a power
generation method, and a self-driven tracking device
based on the nanogenerator.

Description of the Related Art

[0002] Triboelectric nanogenerator generates electric
power based on the contact and separation of two ma-
terials having different triboelectric properties. However,
all known triboelectric nanogenerators need two elec-
trode layers, at least one of which needs to be formed
through depositing conductive metal on a triboelectric
thin-film material, and realize electrical power output
through the two electrode layers. As to this kind of nano-
generator, in one hand, its components have a high man-
ufacturing cost due to the deposition of metals; in the
other hand, a thickness of the triboelectric material
should be within a certain range. These factors highly
limit the spreading and applications of nanogenerators.
[0003] Tracking systems have a wide application pros-
pect in safety monitoring, human-machine interface, and
medical science. Conventional tracking system tracks
and locates movement of an object through using infor-
mation about time and positions. Existing tracking sys-
tems achieve tracking mainly based on optical, magnetic,
and mechanical sensors, therefore external power sup-
ply is necessary for these sensors. Existing tracking sys-
tems are difficult to be widely used in future energy crisis
due to their large power consumption, thus the key to
thoroughly solve the technical problem of providing a
long-term and stable operation of these devices is to de-
velop a self-driven tracking system.

SUMMARY OF THE INVENTION

[0004] An object of the invention is to provide a single-
electrode triboelectric nanogenerator, a nanogenerator
set, a power generation method and a self-driven tracking
system based on the nanogenerator, which are simple
in structure and of low cost, so as to overcome the above-
described technical drawbacks in prior arts.
[0005] In order to achieve the above object, in one as-
pect, a single-electrode triboelectric nanogenerator is
provided. The nanogenerator comprises a friction layer
and only one electrode layer, the electrode layer is dis-
posed facing the friction layer, the electrode layer is elec-
trically connected to an equipotential source, and at least
parts of surfaces of the friction layer and the electrode
layer are able to contact with and separate from each
other under an action of an external force, and at the

same time, an electrical signal is output through the elec-
trode layer and the equipotential.
[0006] Preferably, the friction layer and the electrode
layer are different in triboelectric polarity sequence.
[0007] Preferably, a material of the friction layer is se-
lected from any one or any combination of polyimide,
polyvinyl chloride, polytetrafluoroethylene, polydimethyl-
siloxane, polypropylene, polyethylene, polystyrene, pol-
yvinylidene chloride, polyetherchloride, polymethyl
methacrylate, polyvinyl alcohol, polyester, polyisobuty-
lene, elastic urethane foam, polyvinyl butyral, nylon, poly-
acrylonitrile, and biphenol polycarbonate.
[0008] Preferably, a surface of the electrode layer con-
tacting the friction layer comprises a conductive material.
[0009] Preferably, the electrode layer is made of a con-
ductive material selected from metal, Indium Tin Oxide,
an organic conductor, or a doped semiconductor.
[0010] Preferably, the metal is selected from gold, sil-
ver, platinum, aluminum, nickel, copper, titanium, chro-
mium, selenium, and an alloy thereof, and in that the
organic conductor is made of an electrically conductive
polymer including self polypyrrole, polyphenylene
sulfide, polyphthalocyanine based compounds, poly-
aniline and polythiophenes.
[0011] Preferably, the electrode layer comprises a thin
metallic film or a bulk phase material, and the thickness
of the film is between 10 nm and 5 mm.
[0012] Preferably, a microstructure of a micron mag-
nitude or a submicron magnitude is distributed on parts
or all of the surface of the friction layer facing the electrode
layer and/or the surface of the electrode layer facing the
friction layer.
[0013] Preferably, the microstructure is selected from
nanowires, nanotubes, nanoparticles, nanorods, nano-
flowers, nanogrooves, micron grooves, nanocones, mi-
cron cones, nanospheres, microspheres, and an array
thereof.
[0014] Preferably, the surface of the friction layer fac-
ing the electrode layer and/or the surface of the electrode
layer facing the friction layer are coated or embellished
with a nano-material.
[0015] Preferably, the surface of the friction layer fac-
ing the electrode layer and/or the surface of the electrode
layer facing the friction layer are chemical modified, such
that a functional group that is easy to obtain electrons is
introduced to one surface of the two surfaces that is rel-
ative negative in the triboelectric polarity sequence,
and/or a functional group that is easy to lose electrons
is introduced to the other surface of the two surfaces that
is relative positive in the triboelectric polarity sequence.,
[0016] Preferably, the friction layer and/or the elec-
trode layer is made of a hard material. Preferably, the
friction layer and/or the electrode layer is made of a flex-
ible material.
[0017] Preferably, the friction layer and the electrode
layer have the same size and shape, and are disposed
just facing each other.
[0018] Preferably, when the friction layer and the elec-
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trode layer are separated from each other, a maximum
interval between contacting surfaces of the friction layer
and the electrode layer is comparative to or larger than
a length and a width of the contacting surfaces of the
friction layer and the electrode layer.
[0019] Preferably, a ratio between the maximum inter-
val and the length of the contacting surfaces and a ratio
between the maximum interval and the width of the con-
tacting surfaces are in a range from 1 to 100.
[0020] Preferably, the equipotential source is provided
through grounding.
[0021] Preferably, the nanogenerator further compris-
es a load, and the electrode is electrically connected to
the equipotential source through the load.
[0022] Preferably, the electrical connection is realized
through an external circuit that needs to be powered.
[0023] Preferably, when no external force is applied,
at least parts of the surfaces of the friction layer and the
electrode layer contact with or separate from each other,
and when an external force is applied, at least parts of
the surfaces of the friction layer and the electrode layer
separate from or contact with each other.
[0024] Preferably, the nanogenerator further compris-
es an elastic member, and at least parts of the surfaces
of the friction layer and the electrode layer are separated
from or contact with each other by the elastic member
when no external force is applied.
[0025] Preferably, two or more elastic members are
provided.
[0026] Preferably, the elastic member has tensile elas-
ticity or bending elasticity.
[0027] Preferably, the nanogenerator further compris-
es a first support member and/or a second support mem-
ber, the first support member is fixed to a surface of the
friction layer away from the electrode layer, and the sec-
ond support member is fixed to a surface of the electrode
layer away from the friction layer.
[0028] Preferably, one end of the elastic member is
fixed to the first support member and is arranged around
the friction layer, and/or the other end of the elastic mem-
ber is fixed to the second support member and is ar-
ranged around the electrode layer.
[0029] Preferably, the first support member and/or the
second support member is made of a rigid material.
[0030] Preferably, the first support member and/or the
second support member is configured to have a flat plate
structure.
[0031] Preferably, the first support member and/or the
second support member is configured to have a curved
structure.
[0032] Preferably, the first support member and the
second support member are in parallel with each other.
[0033] Preferably, one end of the first support member
joins one end of the second support member.
[0034] Preferably, a cavity is formed between the fric-
tion layer and the electrode layer, the friction layer and/or
the electrode layer has a curved shape bulging outwards
in a direction away from the cavity, such that when an

external force is applied, at least parts of the surfaces of
the friction layer and the electrode layer can contact with
each other, and when the external force is removed, the
friction layer and the electrode layer restore to their orig-
inal shapes.
[0035] Preferably, the friction layer and the electrode
layer are connected with each other at their edges.
[0036] Preferably, the friction layer and/or the elec-
trode layer have bending elasticity.
[0037] Preferably, an outer side surface of the friction
layer in the bulging direction is bonded with a first elastic
substrate, and/or an outer side surface of the electrode
layer in the bulging direction is bonded with a second
elastic substrate.
[0038] Preferably, the first elastic substrate and the
second elastic substrate are selected from polyimide,
polyethylene terephthalate and polystyrene.
[0039] Preferably, a thickness of the first elastic sub-
strate and the second elastic substrate is between 50
mm and 10 mm.
[0040] Preferably, the first elastic substrate and the
friction layer have different thermal expansion coeffi-
cients, such that when they are bonded together, the first
elastic substrate and the friction layer as a whole bulges
towards the first elastic member side; and/or the second
elastic substrate and the electrode layer have different
thermal expansion coefficients, such that when they are
bonded together, the second elastic substrate and the
electrode layer as a whole bulges towards the second
elastic member side.
[0041] Preferably, the friction layer is curved and bulg-
es outwards away from the cavity, the electrode layer is
plane, and a size of the friction layer is smaller than that
a size of the electrode layer.
[0042] Preferably, the nanogenerator set comprises
two or more nanogenerators according to any one of
claims 1 to 38 connected in parallel, and electrical signals
output from the nanogenerators are monitored separate-
ly or unifiedly.
[0043] Preferably, the two or more nanogenerators are
superposed together in the longitudinal direction to form
the nanogenerator set.
[0044] Preferably, two adjacent nanogenerators are
securely connected through an insulating layer.
[0045] Preferably, two adjacent nanogenerators share
a common electrode layer.
[0046] Preferably, as compared with the friction layers
in the two adjacent nanogenerators, the common elec-
trode layer tends to lose electrons.
[0047] Preferably, the two or more nanogenerators are
arranged side by side to form the nanogenerator set.
[0048] Preferably, all the nanogenerators share a com-
mon electrode layer, and all the friction layers are located
at the same side of the common electrode layer.
[0049] Preferably, the two or more nanogenerators are
partially different from each other, or completely the
same.
[0050] A power generation method is further provided,

3 4 



EP 3 010 138 A1

4

5

10

15

20

25

30

35

40

45

50

55

in which one of the nanogenerators or the nanogenerator
sets described in this disclosure is used, the method com-
prises steps of:

(1) providing the friction layer,
(2) providing the electrode layer,
(3) forming an electrical connection between the
electrode layer and an equipotential source;
(4) applying an external force such that at least one
contact-and-separation cycle is formed between at
least parts of surfaces of the friction layer and the
electrode layer; and
(5) outputting an electrical signal through the elec-
trode layer and the equipotential source during step
(4).

[0051] Preferably, the external force applied in step (4)
is a continuous external force, the direction of which is
periodically reversed, or the magnitude of which is peri-
odically changed.
[0052] A tracking system based on single-electrode tri-
boelectric nanogenerators is further provided, which
comprises two or more of the nanogenerator described
above, the friction layer or the electrode layer of each
nanogenerator is disposed facing upwards on a surface
on which an object to be tracked moves, and at least
parts of the surfaces of the friction layer and the electrode
layer can contact each other under the pressure of the
object to be tracked and can restore to their original
shapes after the object to be tracked has left, and elec-
trical signals output from each of the nanogenerators are
separately monitored.
[0053] As compared with prior arts, the single-elec-
trode triboelectric nanogenerator according to the inven-
tion has the following advantages:

1. The single-electrode triboelectric nanogenerator
can be made of just one triboelectric polymer mate-
rial and one conductive material, no metal electrode
layer needs to be coated on the surface of the tribo-
electric polymer material, and manufacturing cost is
significantly reduced.
2. Electrical signal of the triboelectric nanogenerator
may be output in way of connecting one end thereof
to the ground, and the circuit used in this process is
significantly simplified, such that application field of
the nanogenerator is greatly extended.
3. A self-driven tracking system can be manufac-
tured through using an array of the triboelectric na-
nogenerator. The tracking system realizes an effi-
cient detection based on the interaction between the
object to be detected and environment. This system
does not need external power source, and signals
are output from nanogenerators which are triggered
during the movement of the object, such that a de-
tection of the object can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] The above and other objects, features and ad-
vantages of the present invention will become more ob-
vious when referring to the drawings. Similar reference
numerals throughout the drawings indicate the same
parts. The drawings are not drawn to scale, so as to em-
phasize the main concept the present invention.

Fig. 1 is a schematic view showing a typical structure
of a single-electrode triboelectric nanogenerator ac-
cording to the invention;
Fig. 2 is a schematic view showing the operating
principle of the single-electrode triboelectric nano-
generator according to the invention;
Fig. 3 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator according to the invention;
Figs. 4(a) and 4(b) are schematic views showing typ-
ical structures of the single-electrode triboelectric
nanogenerators according to the invention;
Fig. 5 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator according to the invention;
Fig. 6 is a schematic view showing a typical mounting
structure of an elastic part in the single-electrode tri-
boelectric nanogenerator according to the invention;
Fig. 7 is a schematic view showing another typical
mounting structure of an elastic part in the single-
electrode triboelectric nanogenerator according to
the invention;
Fig. 8 is a schematic view showing a typical structure
of the single-electrode triboelectric nanogenerator
according to the invention, which comprises a sup-
port member;
Fig. 9 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator according to the invention, which compris-
es a support member;
Fig. 10 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator according to the invention, which compris-
es a support member;
Figs. 11(a) and 11(b) are schematic views showing
typical structures of the single-electrode triboelectric
nanogenerator according to the invention, each of
which comprises a support member;
Figs. 12(a) to 12(c) are schematic views showing
typical structures of the single-electrode triboelectric
nanogenerator according to the invention;
Fig. 13 is a schematic view showing another typical
structure of a single-electrode triboelectric nanogen-
erator unit according to the invention;
Fig. 14 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator unit according to the invention;
Fig. 15 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
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generator unit according to the invention;
Fig. 16 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator unit according to the invention;
Fig. 17 is a schematic view showing another typical
structure of the single-electrode triboelectric nano-
generator unit according to the invention;
Fig. 18 is a schematic view showing a tracking sys-
tem based on the single-electrode triboelectric na-
nogenerator according to the invention;
Fig. 19 is a schematic diagram showing the short-
circuit current output according to a second embod-
iment of the invention;
Fig. 20 is schematic diagram showing a circuit con-
nection of the tracking system according to a third
embodiment of the invention;
Fig. 21 is schematic diagram showing acquired sig-
nals at work according to the third embodiment of
the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE

INVENTION

[0055] The technical solution in embodiments of the
present invention will be described clearly and complete-
ly in connection with the accompanying drawings of these
embodiments. Obviously, the described embodiments
are merely part not all of the embodiments of the present
invention. All other embodiments obtained without crea-
tive efforts based on the embodiments of the present
invention by those skilled in the art shall fall within the
scope of the present invention.
[0056] Further, the embodiments of the present inven-
tion are described in detail in conjunction with the at-
tached drawings, which are just to give examples and
not to limit the scope of this invention.
[0057] The "grounding/grounded" as used in the de-
scription means connecting to an object that can provide
or receive large amount of charges, in which "ground"
conventionally refers to an inductive object or earth that
has a potential of zero, for example, a metal shell of a
ship or a vehicle.
[0058] The "triboelectric polarity sequence" used in the
description means that the materials will be ordered in a
sequence based on the levels of their attractions to elec-
tric charges. When two materials are rubbing against
each other, negative charges is transferred from a sur-
face of a material having a relative positive polarity
among the triboelectric polarity sequence to a surface of
a material having a negative positive polarity among the
triboelectric polarity sequence. For example, when a
high-molecular material Polytetrafluoroethylene (PTFE,
or Teflon) contacts an aluminum foil, the aluminum foil
will get positive charges, and the PTFE will get negative
charges, which means that the aluminum foil has a weak
ability to get electrons, and the PTFE has a weak ability

to get electrons. So far, there is no universal theory to
fully explain the mechanism of charge transfer. Gener-
ally, it is believed that charge transfer relates to surface
work function of a material, and charge transfer is realized
through transferring of electrons or ions on the contact
surface. It should be noted that, the triboelectric polarity
sequence is a statistical results based on experiences,
that is, the further two materials differs in this sequence,
the greater probability of the positive or negative polarity
of generated charges being consistent with the sequence
after contact of the two materials is. However, actual re-
sults are influenced by many factors, such as surface
roughness, environmental humidity and whether there is
a relatively friction.
[0059] The "charge of contact" refers to charges on
surfaces of two materials having difference in triboelectric
polarity sequence after the two materials contact and rub
with each other and separate from each other. Generally,
it is believed that the charges are only distributed on sur-
face of a material, and the maximum depth of such dis-
tribution is no larger than about 10 nm. Note that, the
sign of charge of contact is the sign of net charge. That
is to say, a local region having collected negative charges
may exist on the surface of a material having positive
charge of contact, but the net charge of the entire surface
is positive.
[0060] The longitudinal direction as defined in the de-
scription indicates a direction along which a friction layer
and an electrode layer are in an up-and-down relation-
ship. That is to say, both states of the friction layer being
disposed on top of the electrode layer and the electrode
layer being disposed on top of the friction layer may be
referred as being in the longitudinal direction.
[0061] Fig. 1 shows a typical structure of a single-elec-
trode triboelectric nanogenerator according to the inven-
tion, in which a nanogenerator comprises a friction layer
10 and an electrode layer 20. The electrode layer 20 is
connected through an external circuit 30 to earth which
provides an equipotential. The friction layer 10 and the
electrode layer 20 are disposed facing each other with a
certain interval by an elastic member 40, and at least
parts of the surface of the friction layer 10 and parts of
the surface of the electrode layer 20 can repeatedly con-
tact with and separate from each other under an external
force and at the same time supply electric power to an
external circuit 30.
[0062] For convenience of explanation, the theory of
the present invention, the principle of choosing each
component and the range of materials will be described
in connection with the typical structure shown in Fig. 1.
However, these contents are not limited to the embodi-
ment shown in Fig. 1, but can be applied to all technical
solutions disclosed in the invention.
[0063] Working theory of the nanogenerator according
to the invention will be described in connection with Fig.
2: the friction layer 10 and the electrode layer 20 have
different positions in the triboelectric polarity sequence,
that is, they are different in the ability of obtaining elec-
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trons (herein, for example, the friction layer 10 is weaker
in the ability of obtaining electrons). Therefore, when a
compressive force F is applied on a nanogenerator, parts
of the surface of the friction layer 10 and parts of the
surface of electrode layer 20 contact with each other,
which causes the surface of the friction layer 10 to have
positive charges, and the surface of the electrode layer
20 to have negative charges. When the compressive
stress is released, the elastic member 40 causes the fric-
tion layer 10 and the electrode layer 20 to separate from
each other, therefore a charge balance between the sur-
faces of the friction layer 10 and the electrode layer 20
is destroyed. In order to restore the charge balance, elec-
trons move from the electrode layer 20 to earth through
the external circuit 30, thereby outputting electrical sig-
nal(s); when an interval between the friction layer 10 and
the electrode layer 20 reaches a maximum value, charge
balance is restored between the surfaces of the two lay-
ers, and electrons will not move anymore; when the com-
pressive stress is applied on the nanogenerator again,
the elastic member 40 is compressed, and the surfaces
of the friction layer 10 and the electrode layer 20 become
close to each other, and the charge balance both be-
tween the surfaces thereof are again destroyed, thus,
electrons move from the electrode layer 20 to earth
through the external circuit 30, and output a current.
When the friction layer 10 and the electrode layer 20 in
fully contacted with each other, charges on the contact
surfaces are balanced, the electrons stop moving in a
certain direction, and therefore no current can be ob-
served in the external circuit 30.
[0064] It can be seen from the above-described prin-
ciple of power generation, the difference between the
friction layer 10 and the electrode layer 20 in the triboe-
lectric polarity sequence is the key to generate an elec-
trical signal. The following polymers can be used in the
friction layer 10 according to the present invention, and
are ordered such that their abilities to obtain electrons
are getting stronger along this order: polymethylmethacr-
ylate, nylon, polyvinyl alcohol, polyester, polyisobuty-
lene, elastic sponge made from polyurethane, polyethyl-
ene glycol terephthalate, polyvinyl butyral, polychloro-
prene, natural rubber, polyacrylonitrile, biphenol polycar-
bonate, polyetherchloride, polyvinylidene chloride, poly-
styrene, polyethylene, polypropylene, polyimide, polyvi-
nyl chloride, polydimethylsiloxane, polytetrafluoroethyl-
ene. For the sake of conciseness, not all possible mate-
rials are listed, and only a few specific polymeric materials
are listed for reference. However, the listed materials
shall not be considered as a limitation to the invention,
because under the teaching of the invention, it is obvious
for those skilled in the art to choice other similar materials
based on their triboelectric properties.
[0065] Through experiments, it is found that, the great-
er the difference between the friction layer 10 and the
electrode layer 20 in the ability of obtaining electrons is,
the stronger an electronic signal outputted by nanogen-
erator is. Therefore, an optimal performance of the elec-

tronic signal can be arrived through selecting an appro-
priate polymer material as the friction layer 10 based on
the order listed above.
[0066] The electrode layer 20 in the nanogenerator is
not only used to provide a friction surface for power gen-
eration, but also acts as an electrode, thus, when an elec-
tric field formed by the charges on the surfaces is not
balanced, electrons can be transmitted through the ex-
ternal circuit 30. Thus, the surfaces of electrode layer 20
in contact with the friction layer 10 should be made of a
conductive material, or the entire electrode layer 20 is
made of a conductive material. The conductive material
may be selected from a metal, indium tin oxide, organic
conductor or a doped semiconductor material. The elec-
trode layer 20 may be in a shape of a plate, a sheet or a
film, where a thickness of the film is in a range of 10 nm
to 5 mm, preferably 50 nm to 1 mm, and more preferably
100 nm to 500 mm. Commonly used metals in the art
include gold, silver, platinum, aluminum, nickel, copper,
titanium, chromium, or selenium, and an alloy thereof;
the organic conductor is usually a conductive polymer,
which comprises polypyrrole, polyphenylene sulfide, poly
phthalocyanine based compound, polyaniline and/or pol-
ythiophene.
[0067] In order to improve output performance of the
nanogenerator according to the present invention, pref-
erably, microstructures of micron magnitude or submi-
cron magnitude are distributed on parts or all of the sur-
face of the friction layer 10 facing the electrode layer 20
and/or the surface of the electrode layer 20 facing friction
layer 10, so as to increase an effective contact area be-
tween the friction layer 10 and the electrode layer 20 and
increase a surface charge density of the two layers. The
microstructures are preferably nanowires, nanotubes,
nanoparticles, nanorods, nanoflowers, nanogrooves, mi-
cron-grooves, nano-cones, micron-cones, nanospheres
and micron-spheres, and an array formed by the afore-
mentioned structures, in particular a nano-array formed
by the nanowires, nanotubes or nanorods, which may be
in a shape of a wire, a cube, or a rectangular pyramid
through photolithography, plasma etching process and
the like. The sizes of each of such units are in a range
from a nano magnitude to a micron magnitude. It should
be noted that, the sizes and shapes of the units having
a microstructure should not be considered as a limitation
to the scope of the invention.
[0068] The methods of forming the nano-array include
chemical methods besides physical methods, for exam-
ple, photolithography, chemical etching, plasma etching,
etc. Moreover, it can also be realized through embellish-
ing or coating nanomaterials. In addition, the surface of
the friction layer 10 and/or the surface of the electrode
layer 20 that contact each other may be chemically mod-
ified, which can further increase the amount of charge
transfer at the moment of contact, thereby increasing
contact charge density and increasing output power of
the nanogenerator. Chemical modifications may be di-
vided into the following two types:

9 10 



EP 3 010 138 A1

7

5

10

15

20

25

30

35

40

45

50

55

One method is that, for the friction layer 10 and the
electrode layer 20 that contact with each other, a
functional group that is easy to lose electrons (i.e.,
a strong electron donating group) is introduced to a
surface of a material that is relative positive in the
triboelectric polarity sequence, or a functional group
that is easy to obtain electrons (i.e., a strong electron
withdrawing group) is introduced to a surface of a
material that is relative negative in the triboelectric
polarity sequence, so as to increase the amount of
charge transfer when the surfaces are sliding relative
to each other, thereby increasing contact charge
density and increasing output power of the nanogen-
erator. The strong electron donating groups include
an amino group, a hydroxy group, an alkoxy group
and the like. The strong electron withdrawing groups
include an acyl group, a carboxyl group, a nitryl
group, sulfonic acid groups and the like. Introduction
of the functional groups may be achieved through
conventional methods such as plasma surface mod-
ification. For example, mixed gas of oxygen and ni-
trogen can produce a plasma at a certain power,
thereby introducing amino groups to the surface of
the friction surface layer.

[0069] Another method is that, positive charges are in-
troduced to a surface of a material that is relative positive
in the triboelectric polarity sequence, or negative charges
are introduced to a surface of a material that is relative
negative in the triboelectric polarity sequence, which can
be achieved by way of chemical bonding. For example,
tetraethoxysilane (TEOS) is used to modify the surface
the friction layer made of polydimethylsiloxane (PDMS)
through a sol-gel method, such that the surface is neg-
atively charged. Also, nanogold particles, whose surfac-
es contains cetyltrimethylammonium bromide (CTAB),
may be used to modify a gold film layer through the gold-
sulfur bondings, since CTAB is a cation, it will make the
whole friction layer become positively charged. Those
skilled in the art can select a suitable material to bond
the material of the friction layer based on the character-
ization of withdrawing or donating electrons and the type
of surface chemical bonds of the material of the friction
layer, so as to achieve the purpose of the present inven-
tion, therefore such modifications are within the scope of
the present invention.
[0070] The present invention is not so limited that the
friction layer 10 and the electrode layer 20 must be of a
hard material, they can also be soft materials, because
hardness of a material does not affect the effect of contact
friction therebetween. If the friction surface should be
maintained to be flat, then they can be supported by other
components. Thus, those skilled in the art can determine
hardnesses of the materials of the friction layer 10 and
the electrode layer 20 based on practical situation.
[0071] The friction layer 10 and the electrode layer 20
shown in Fig. 1 have the same size and shape and are
disposed facing each other, such that the friction layer

10 and the electrode layer 20 can fully contact with each
other under the action of an external force. However, it
is just a relatively preferable embodiment. The nanogen-
erator can normally work as long as parts of surfaces of
the friction layers 10 and the electrode layer 20 can con-
tact with and separate from each other repeatedly. There-
fore, the shape and size of the friction layer 10 and the
electrode layer 20 do not need to be identical, and relative
positions thereof do not need to be completely aligned,
which can be determined by those skilled in the art based
on actual environment of application.
[0072] In experiments, the inventors found that, when
a maximum interval d between contacting parts of the
surface of the friction layer 10 and the surface of the
electrode layer 20 is comparative with or even larger than
the length and width D of the contacting surface there-
between, the output performance of the nanogenerator
is better (in Fig. 3, only the length of the contacting surface
is shown, and the width is not shown, however, the size
of the width is also comparative with the length d)., the
output performance of the nanogenerator is better. Pref-
erably, a ratio of the maximum interval d to the length or
to the width is in a range from 1 to 100. Of course, the
ratio can be even larger, and theoretically electrical signal
output performance will be better. However, the difficulty
of manufacturing the components should be taken into
account. Therefore, practically, the sizes and relative po-
sitions of the friction layer 10 and the electrode layer 20
may be adjusted based on the principles so as to achieve
a better power generation performance.
[0073] Establishing an electrical connection between
the nanogenerator and an equipotential source is the key
to properly operate the nanogenerator of the present in-
vention, and such an equipotential source may be pro-
vided through grounding or an external compensation
circuit. The electrical connection herein may be directly
realized through the external circuit 30 that needs to be
powered, or may be realized through providing a load
inside the nanogenerator (not shown in the drawings),
i.e., the electrode layer 20 is electrically connected to the
equipotential source through the load, the external circuit
30 that needs to be powered receives an electrical signal
through connecting in parallel or in series with respect to
the load.
[0074] A function of the elastic member 40 is to coop-
erate with an external force to realize contact and sepa-
ration of the friction layer 10 and the electrode layer 20
repeatedly. Therefore, if the external force applied on the
nanogenerator periodically changes in its direction, and
the contact and separation of the friction layer 10 and the
electrode layer 20 can be realized repeatedly, then the
elastic member 40 is not a necessary component. For
example, in the embodiment shown in Fig. 3, the friction
layer 10 is moved back and forth by an external force F
through a connecting member 401, such that the friction
layer 10 and the electrode layer 20 can contact with each
other and separate from each other periodically, and the
nanogenerator can be operated properly. However, if the
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nanogenerator cannot be properly operated only by the
applied external force, then the elastic member 40 is
needed. For example, in the embodiment shown in Fig.
1, two opposite ends of each elastic member 40 are fixed
respectively to the surfaces of the friction layer 10 and
the electrode layer 20 facing each other, such that at
least parts of the surfaces of the two layers are separated
in the absence of an external forces, and the friction layer
10 and the electrode layer 20 can be compressed and
bent to contact each other under an action of an external
force. In order to further improve the effect of such contact
between the friction layer 10 and the electrode layer 20,
the positions where the elastic members 40 are fixed can
also be adjusted. For example, in the embodiment shown
in Fig. 4, one end of an elastic member 40 is fixed to the
surface of the friction layer 10 facing the electrode layer
20, and the other end is fixed on a support for the elec-
trode layer 20, as shown in Fig. 4(a); or, one end of the
elastic member 40 is fixed to the surface of the electrode
layer 20 facing the friction layer 10 and the other end is
fixed on a support for the friction layer 10, as shown in
Fig. 4(b). In both ways, the elastic member 40 can be
compressed, a complete surface contact between the
friction layer 10 and the electrode layer 20 can be real-
ized, the friction layer 10 and the electrode layer 20 can
be separated when the external force is released, and at
the same time, a problem of the thickness of the elastic
member 40 affecting the performance of the contact can
be avoided. When the applied external force is a pulling
force instead of a compressive force, an embodiment
shown in Fig. 5 can be adopted, and in this embodiment,
the presence of the elastic member 40 ensures that the
friction layer 10 and the electrode layer 20 are able to
contact again after the pulling force is released, such that
a contact-and-separation cycle of the friction layer 10 and
the electrode layer 20 can be realized. In this embodi-
ment, a support member 50 is used to support the elec-
trode layer 20. The elastic members 40 may be distrib-
uted at peripheral regions of the friction layer 10 and/or
the electrode layer 20, or they may be located at central
positions of the friction layer 10 and the electrode layer
20. For example, as shown in Fig. 6, an elastic member
40 is located at the central position of the electrode layer
20. Of course, if sizes of the electrode layer 20 and/or
the friction layer 10 are large, a plurality of such elastic
member 40 may be located in a central region of the
contacting surfaces.
[0075] The elastic members 40 may be a conventional
elastic member in the field which can provide elasticity.
It can be a component providing longitudinal tensile elas-
ticity, such as a spring, a rubber, a polyurethane elas-
tomer, a sponge and the like. It may also be a component
that can be elastically bent, such as a metal foil and a
thermoplastic elastic sheet and the like. In an embodi-
ment shown in Fig. 7, an elastic sheet 402 having both
end thereof fixed to the friction layer 10 and the electrode
layer 20 respectively is used as the elastic member. This
elastic sheet 402 is capable of being elastically bent, that

is, when an external compressive force is applied, the
sheet can be deformed such that the friction layer 10 and
the electrode layer 20 contact with each other, and when
the external force is removed, the elasticity thereof will
cause the friction layer 10 and the electrode layer 20 to
separate from each other. Thickness, shape and sizes
of the elastic sheet 402 may be selected based on actual
situations, overall mechanical strength, and required
flexibility. Such selections are conventional to those
skilled in the art.
[0076] The number of elastic members 40 may be de-
termined depending on actual requirements. If the friction
layer 10 and electrode layer 20 have large sizes, more
elastic members 40 will be needed, and if the friction
layer 10 and electrode layer 20 have smaller sizes, then
the number of the elastic members 40 will be decreased.
Preferably, two or more elastic members 40 are provided.
[0077] Another typical embodiment of the nanogenera-
tor according to the present invention is shown in Fig. 8,
which comprises a friction layer 10 and an electrode layer
20. The electrode layer 20 is connected through an ex-
ternal circuit to earth which provides an equipotential.
The friction layer 10 and the electrode layer 20 are dis-
posed facing each other with a certain interval by an elas-
tic member 40, and at least parts of the surface of the
friction layer 10 and parts of the surface of the electrode
layer 20 can repeatedly contact with and separate from
each other under an external force and at the same time
supply electric power to an external circuit 30. In order
to ensure the mechanical strength of the nanogenerator,
a first support member 50 fixed to the friction layer 10 on
a side of the electrode layer 20 away from the friction
layer 10 is provided, and a second support member 60
fixed to the electrode layer 20 on a side of the friction
layer 10 away from the electrode layer 20 is provided,
and elastic members 40 are fixed at both ends thereof
to a lower surface of the first support member 50 and an
upper surface of the second support member 60, respec-
tively.
[0078] The first support member 50 and the second
support member 60 may be rigid or elastic, as long as
they can provide a supporting function, and a material
thereof may be an insulating material or a semiconductor
material, such as a plastic plate or a silicon sheet. The
shapes and sizes of the supporting members can be ar-
bitrarily selected, and preferably, match the shapes and
sizes of the friction layer 10 and the electrode layer 20.
The thicknesses thereof may be selected depending on
the material and requirements.
[0079] The first support member 50 and the second
support member 60 may be used at the same time, or
only one of them is used. In an embodiment shown in
Fig. 9, the electrode layer 20 is made of a metal sheet
having a certain mechanical strength, the friction layer
10 having a relative small thickness is bonded to the lower
surface of the first support member 50, the elastic mem-
bers 40 are disposed around the friction layer 10, with
one end fixed to the lower surface of the support member
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50 and the other end fixed to the upper surface of the
electrode layer 20.
[0080] The first support member 50 and the second
support member 60 may be in a plate shape, or in other
shapes, as long as they can provide a supporting effect.
In the embodiment shown in Fig. 10, the first support
member 50 has an approximately umbrella-shaped
structure, which provides a curved supporting surface for
the friction layer 10 and can be used to transmit an ex-
ternal force. The second support member 60 is a com-
ponent having a similar curved configuration and dis-
posed in parallel with the first support element 50. It can
be seen from the above, the first support member 50 and
the second support member 60 cooperate with each oth-
er to form two curved friction surfaces, such friction sur-
faces will not affect normal operation of the nanogenera-
tor, and such a configuration may be used in more work-
ing environments.
[0081] The first support member 50 and the second
support member 60 can not only be disposed in parallel
to each other, but also form a certain angle. For example,
in an embodiment shown in Fig. 11, one end of the first
support member joins one end of the second support
member, and preferably, the first support member and
the second support member are integrally formed, such
that they can be regarded as a single component and
will be referred as the first support member 50 collectively
hereinafter. In the embodiment shown in Fig. 11(a), the
first support element 50 has certain elasticity, and can
maintain a V-shaped configuration in the absence of an
external force. The friction layer 10 and the electrode
layer 20 are mounted respectively bonded to two inside
surfaces of the first support member 50, and the electrode
layer 20 is grounded via the external circuit 30. When an
external force is applied, the first support member 50 is
compressed, such that the friction layer 10 and the elec-
trode layer 20 mounted thereto can achieve a surface
contact. When the external force is removed, the first
support member 50 restores due to its own elasticity and
nanogenerator is restored to the V-shaped configuration,
such that the friction layer 10 and the electrode layer 20
are separated, and thereby one power generation cycle
is formed.
[0082] When the first support element 50 does not
have enough flexibility, an elastic member 40 may be
mounted at the open end of the V-shaped configuration,
as shown in Fig. 11(b), such that after the external force
is removed, the friction layer 10 and the electrode layer
20 can be separated quickly. This configuration can also
prolong the life of the nanogenerator, and elasticity re-
quirement regarding the first support member 50 can be
reduced.
[0083] In a typical embodiment of the nanogenerator
according to the present invention shown in Fig. 12, the
nanogenerator comprises a friction layer 10 and an elec-
trode layer 20 disposed facing each other and connected
with each other through edges thereof, such that a cavity
is formed therebetween. Each of the friction layer 10 and

the electrode layer 20 has a curved shape bulging ding
outwards in a direction away from the cavity. When an
external force is applied, at least parts of the surfaces of
the friction layer 10 and the electrode layer 20 can contact
with each other, and when the external force is removed,
the friction layer 10 and the electrode layer 20 restore to
original shapes, as shown in Fig. 12(a). The electrode
layer 20 and an external circuit 30 providing an equipo-
tential are used to output electrical signals.
[0084] The components in this embodiment should
meet the requirements of the embodiments shown in
Figs. 1 to 11, and besides that, the friction layer 10 and
the electrode layer 20 shall have bending elasticity, so
that after the external force is removed, the components
can restore quickly to their original shape and the nano-
generator is thereby working properly. The elasticity may
be achieved through selecting suitable materials, for ex-
ample, a rubber having elasticity or a polyurethane elas-
tomer and the like can be used. Or, the elasticity may be
achieved by structure adjustment, for example, the elec-
trode layer may be formed of a thin metal sheet instead
of a metal plate, etc. These are conventional in the art,
and will not be described in detail herein.
[0085] If the friction layer 10 and the electrode layer 20
do not have bending elasticity, an elastic substrate
should be provided to ensure the normal operation of the
nanogenerator. In the embodiment shown in Fig. 12(b),
outer surfaces of the friction layer 10 and the electrode
layer 20 are bonded with a first elastic substrate 70 and
a second elastic substrate 80 respectively. These two
substrates are made of a material having bending elas-
ticity, and may be an insulator or a semiconductor. Pref-
erably, the first elastic substrate 70 and the second elastic
substrate 80 maybe selected from polyimide, polyethyl-
ene glycol terephthalate, and polystyrene. A thickness
of the elastic substrate may be varied as long as require-
ments for the elastic substrate can be met, and may be
between 50 mm and 10 mm, preferably between 100 mm
and 5 mm, and more preferably between 127 mm and 1
mm. The first elastic substrate 70 and the second elastic
substrate 80 may be formed of a material different having
a thermal expansion coefficient that is different from that
of the material of the friction layer 10 and the electrode
layer 20, such as silicon dioxide or the like, because if
two materials having two different thermal expansion co-
efficients are bonded together, the whole structure tends
to be bent, and it is even more so when the difference is
large. That is, when the first elastic substrate 70 and the
friction layer 10 are bonded together, the whole structure
tends to bulge towards the first elastic substrate 70 side;
and when the second elastic substrate 80 and the elec-
trode layer 20 are bonded together, the whole structure
tends to bulge towards the second elastic substrate 80
side.
[0086] The edges of the friction layer 10 and the elec-
trode layer 20 are connected through conventional
means in this technical field. For example, they may be
bonded with insulating glue, a double-sided adhesive
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tape, or a clamping member.
[0087] In this typical embodiment, the friction layer 10
and the electrode layer 20 may both be curved, prefera-
bly, the two curved layers have the same size and shape;
or, only one of the friction layer 10 and the electrode layer
20 is curved, and preferably the electrode layer 20 has
a smaller size than that of the electrode layer 10, as
shown in Fig. 12(c).
[0088] Hereinbefore, typical embodiments of the sin-
gle-electrode nanogenerator according to the invention
are provided. Nanogenerators operated in different en-
vironments can be obtained by those killed in the art
through simply modifying the above embodiments. How-
ever, all such modifications are made within the concept
of the invention, and thereby fall within the scope of the
invention.
[0089] In order to increase mechanical energy utiliza-
tion efficiency of the nanogenerator and improve output
strength of the electrical signal, two or more single-elec-
trode nanogenerators according to the invention may be
combined to form a nanogenerator set, and the connec-
tion between the nanogenerators may be adjusted, and
the electrical signals output from the nanogenerators that
are connected in parallel may be monitored separately
or unifiedly, so as to meet different needs. It should be
noted that, all nanogenerator sets mentioned hereinafter
is related to the nanogenerator according to the invention
as described above, and all components thereof are al-
ready described in detail. Therefore, hereinafter, only the
overall structures of the generating sets, the connection
relationship between the nanogenerators, and compo-
nents having special requirements will be described, the
description of other components of the nanogenerator
having no special requirements will not be repeated,
please refer to previous description where necessary.
[0090] Fig. 13 is a typical embodiment of the nanogen-
erator set according to the present invention, which com-
prises two nanogenerators shown in Fig. 9, and the two
nanogenerators are superposed simply in a longitudinal
direction with an insulating layer 60 interposed between
two electrode layers 20, and electrical signals from each
nanogenerator are separately collected. The insulating
layer 60 may be formed of a material having an insulating
function, for example, a plastic plate, a rubber sheet, and
size and shape of the insulating layer may be selected
based on practical situation.
[0091] According to this embodiment, when an exter-
nal force F is applied on the nanogenerator set, two na-
nogenerators can be driven to operate simultaneously,
thereby improved the utilization efficiency of mechanical
energy. Of course, the number of the nanogenerators
may be varied based on the magnitude of the external
force as long as all the nanogenerators can properly op-
erates, and generally, the greater the force is, the greater
the number of the nanogenerators is. The nanogenera-
tors that are superposed may be the same or different.
Specifically, in the circumstance that the external circuits
30 have different requirements for power supply, using

different nanogenerators unit may solve this issue better.
If stronger electrical signal output is needed, then an in-
terval between the friction layer 10 and the electrode layer
20 of one nanogenerator may be increased; if high sen-
sitivity is needed, then contact surfaces of the friction
layer 10 and the electrode layer 20 of the nanogenerator
may be treated, for example, forming a nanostructure to
increase an area of the contact surfaces, and the likes.
[0092] In order to achieve the same purpose as the
above, a configuration shown in Fig. 14 may be used. In
this embodiment, the insulating layer 60 is omitted, and
the upper and the lower nanogenerators share the same
first support member 50. Thus, the efficiency in force
transmitting is higher and the cost is reduced. However,
such a configuration has a deficiency in flexibility of ad-
justing the structure.
[0093] Fig. 15 shows a nanogenerator set connected
in parallel, in which each nanogenerator consists of a
friction layer 10, an electrode layer 20 disposed facing
the friction layer 10, a first support member 50 bonded
to an upper surface of the friction layer 10, and a plurality
of elastic members 40 located between the first support
member 50 and the electrode layer 20. One end of the
elastic member 40 is fixed on the surface of the first sup-
port member 50, and the other end is fixed to the surface
of the electrode layer 20; the plurality of elastic members
40 are arranged uniformly around the friction layer 10;
the adjacent upper and lower nanogenerators share one
common electrode layer 20, and an electrical signal is
output through the electrode layer 20 and an external
circuit 30 providing an equipotential. If nanogenerators
of the nanogenerator set operate simultaneously, the two
adjacent nanogenerators sharing the common electrode
layer 20 should meet the following condition: as com-
pared with two friction layers 10, the common electrode
layer 20 shall have the same tendency to lose or obtain
electrons, that is, if the common electrode layer 20 tends
to lose electrons relative to one friction layer 10 in one
nanogenerator, then the common electrode layer 20
should have the same tendency to lose electrons relative
to the other friction layer 10 in the other nanogenerator,
such that the surface charges generated during friction
between the electrode layer 20 and the two friction layers
10 will not be cancelled. However, if the two nanogen-
erators are just superposed together sharing the elec-
trode layer 20 during manufacturing and do not work at
the same time, then the materials for the friction layer 10
and the electrode layer 20 in the nanogenerators are not
so limited.
[0094] In order to reduce cost and weight, the nano-
generator sets shown in Fig. 15 may be modified as fol-
lows: a plate-shaped component made of a lightweight
material is used as a second support member 20, and
outer surfaces of the second support member 20 are
bonded with thin conductive layers so as to be used as
the common electrode layer 20, and detailed structure
of this modification is shown in Fig. 16.
[0095] All the configurations shown in Figs. 13 to 16
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are formed through superposing nanogenerators in the
longitudinal direction, and nanogenerator sets formed in
such a configuration are easy to be operated synchro-
nously. However, the area to be applied with an external
force is limited, and thereby a high stability of the external
force is required. If the position where an external force
is applied changes frequently, then its power generation
efficiency is affected. To accommodate a situation in
which the position where an external force is applied will
possibly change, the nanogenerator set may be formed
through arranging the nanogenerator side by side, and
a specific structure is shown in Fig. 17, in which a nano-
generator set is formed by a plurality of nanogenerators
arranged on the same plane, and the friction layer 10 of
each nanogenerator is made of a material having bend-
ing elasticity and is bent into an arcuate shape, and is
fixed at both ends thereof to the surface of the electrode
layer 20. All nanogenerators share the same electrode
layer 20, and all friction layers 10 are located at the same
side of the common electrode layer 20. The electrode
layer 20 forms a circuit through conductive wires with the
external circuit 30 having one end thereof grounded.
[0096] Although in this embodiment the friction layer
10 is in an arcuate shape capable of being elastically
bent, it is just an example. In fact, all nanogenerators
shown in Figs. 1-11 of this disclosure may form a nano-
generator set in similar ways and achieve the same tech-
nical effect. The nanogenerators in the nanogenerator
set may be the same or different. When all the friction
layer 10 are the same, if an external force is applied on
any one of the nanogenerators in the nanogenerator set,
then all nanogenerators will output the same electrical
signals, and if the external force is applied on a plurality
of nanogenerators, then the output electrical signals will
be superimposed. Thus, a scope in which the external
force is applied, and the contact area between the source
of the external force and the nanogenerator can be de-
duced. With this feature, the nanogenerator set may be
used to detect the contact area. When the frictions layers
10 in the nanogenerators are not the same, different elec-
trical signals will be output if the same external force is
applied on the different individual nanogenerators. That
is, the electrical signal may reflect the coordinate infor-
mation of the external force. Based on this feature, the
nanogenerator set may be used to track the path of the
external force. For external forces having different mag-
nitudes, the value of the electrical signal output from the
same nanogenerator will vary. The inventor of the
present invention have found that a magnitude of a pres-
sure applied to the nanogenerator is a positively corre-
lated with the output electrical signal, and therefore the
nanogenerator set may also be used to monitor the dis-
tribution of pressure.
[0097] Of course, for a nanogenerator set that com-
prises nanogenerators arranged side by side and the
electrode layer 20 thereof is not shared, the area detect-
ing and path tracking functions may also be realized.
However, this requires that each nanogenerator should

be monitored separately, and path information provided
by each monitor should be correlated in advance so as
to realize the path tracking function. An advantage of this
embodiment is that the contact area between the source
of the external force and the nanogenerator and path of
movement can be conveniently and directly monitored.
Based on such principles, the present invention also pro-
vides a tracking system (see Fig. 18) comprising two or
more nanogenerators as previously described. At least
parts of the surfaces of the friction layer 10 or the elec-
trode layer 20 in each nanogenerator can contact each
other under the pressure of an object to be tracked, and
the surfaces may be restored to their original shape after
the object to be tracked leaves. Electrical signals output
from each of the nanogenerators are separately moni-
tored; each monitoring circuit (reference numerals 301,
302, ......, 309 in the figure) is grounded at one end there-
of, and the signals output from each of the nanogenera-
tors are sampled synchronously. When an object moves
on the tracking system, different nanogenerators contact
the object successively, and compressive forces applied
on the different nanogenerators causes the nanogenera-
tors to output signals. We can know the specific path
along which the object moves on the tracking system.
[0098] From the foregoing description, it can clearly
understand that the present invention also discloses a
new power generation method, characterized by using
any one of the nanogenerators or nanogenerator sets
disclosed in the present invention, and the method in-
cludes the following steps:

(1) providing the friction layer,
(2) providing the electrode layer,
(3) forming an electrical connection between the
electrode layer and an equipotential source;
(4) applying an external force such that at least one
contact-and-separation cycle is formed between at
least parts of surfaces of the friction layer and the
electrode layer; and
(5) outputting an electrical signal through the elec-
trode layer and the equipotential source during step
(4).

[0099] Preferably, in step (4), the friction layer and the
electrode layer completely contact each other.
[0100] Preferably, in step (4), the external force applied
is a continuous external force, the direction of which is
periodically reversed, or the magnitude of which is peri-
odically changed.

Embodiment 1: Preparation of the single-electrode tribo-
electric nanogenerator

[0101] An organic glass plate having sizes of 3 cm in
length 33 cm in width 31.59 mm in thickness is provided
through laser cutting and used as the second support
member, and an Al foil is used to completely cover the
entire organic glass plate. A nylon film having sizes of 7
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cm in length 33 cm in width 325 mm in thickness and a
polyimide film having sizes of 7 cm in length 33 cm in
width 3 127 mm in thickness are stuck together by an
adhesive tape. The surface of the nylon film is disposed
facing the Al foil, and both ends of the nylon film are fixed
to organic glass plate by an adhesive tape. A copper wire
is connected with the Al foil and is connected with one
end of a resistor, and the other end of the resistor is
grounded. Since the polyimide film has good elasticity,
it can ensure that the nylon film and the Al foil are com-
pletely separated in the absence of pressure. When com-
pressed, the two films can contact with each other. If an
external force, such as a click, is applied on the flexible
outer films and a corresponding electrical signal is indi-
cated by a voltmeter, then the nanogenerator can convert
mechanical energy into electrical energy for power gen-
eration.

Embodiment 2: Preparation of the single-electrode tribo-
electric nanogenerator set

[0102] An organic glass plate having sizes of 10 cm in
length 3 10 cm in width 3 1.59 mm in thickness is pro-
vided through laser cutting and used as the second sup-
port member, and two Cu films having sizes of 2 cm 3
2 cm 3 0.5 mm are formed on the organic glass plate.
Four high-elastic sponges having a height of 1 mm are
adhered around each of the Cu films and are used as
the elastic members. Two thin polyester sheets having
sizes of 3 cm in length 33 cm in width 3 1 mm in thickness
are used as the friction layers and are disposed facing
the two Cu films on the second support member, and the
other end of the sponge is adhered to the lower surface
of the friction layers, such that a similar structure as that
shown in Fig. 9 is formed. Each Cu film is connected
through a conductive wire to a resistor having one end
thereof grounded, thereby a nanogenerator set including
two nanogenerators is formed, and the structure of the
nanogenerator set is similar to the embodiment shown
in Fig. 18. With the high elasticity sponge, the polyester
sheet and the Cu film are completely separated in the
absence of pressure. When compressed, surfaces of the
two can contact each other, and therefore the nanogen-
erator set can properly operates.
[0103] Fig. 19 is a diagram showing a current output
when the nanogenerator set is operated, in which a cur-
rent output information is shown in the left side and in
the central part of the diagram when an external force is
applied to one nanogenerator of the nanogenerator set,
and a current output information is shown in the rightmost
side of the diagram when an external force is applied to
both nanogenerators. It can be seen that, power gener-
ation efficiency can be significantly improved in a manner
of the nanogenerator set.

Embodiments 3: Preparation of single-electrode triboe-
lectric nanogenerator tracking system

[0104] 16 triboelectric nanogenerators having the
same sizes are manufactured through the method ac-
cording to Embodiment 1 and are arranged in a 4 3 4
array, and a circuit connection of the whole nanogenera-
tor set is shown in Fig. 20. When an object moves on the
tracking system, the object contacts the triboelectric na-
nogenerators and compresses the nanogenerators and
thereby the nanogenerators are caused to output elec-
trical signals. Through sampling these signals, detection
to the path along with the object moves can be achieved.
This system directly utilizes the triboelectric nanogenera-
tors as sensors that are triggered, and does not need
external power supply, such that energy can be effec-
tively saved, and the system can be long-term stably op-
erated. When a nanogenerator is compressed, it can be
seen from the data image that the seventh nanogenerator
is compressed (Fig. 21).
[0105] The above is to merely describe preferred em-
bodiments of the present invention, and does not intend
to limit the present invention in any way. Those skilled in
the art may make many possible changes and modifica-
tions to the technical solutions of the invention or make
some equivalent embodiments based on the method and
technical contents disclosed herein without departing
from the scope of the present invention. Therefore, all
changes, equivalents and modifications of the technical
solutions of the invention that are made to the above
embodiments without departing from the concept of the
invention shall fall within the scope of the invention.

Claims

1. A single-electrode triboelectric nanogenerator,
characterized in that, the nanogenerator compris-
es a friction layer and only one electrode layer, and
the electrode layer is disposed facing the friction lay-
er, the electrode layer is electrically connected to an
equipotential source, and at least parts of surfaces
of the friction layer and the electrode layer are able
to contact with and separate from each other under
an action of an external force, and at the same time,
an electrical signal is output through the electrode
layer and the equipotential.

2. The nanogenerator according to claim 1, character-
ized in that, the friction layer and the electrode layer
are different in triboelectric polarity sequence.

3. The nanogenerator according to claim 2, character-
ized in that, a material of the friction layer is selected
from any one or any combination of polyimide, pol-
yvinyl chloride, polytetrafluoroethylene, polydimeth-
ylsiloxane, polypropylene, polyethylene, polysty-
rene, polyvinylidene chloride, polyetherchloride,
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polymethyl methacrylate, polyvinyl alcohol, polyes-
ter, polyisobutylene, elastic urethane foam, polyvinyl
butyral, nylon, polyacrylonitrile, and biphenol poly-
carbonate.

4. The nanogenerator according to any one of claims
1 to 3, characterized in that, a surface of the elec-
trode layer contacting the friction layer comprises a
conductive material.

5. The nanogenerator according to claim 4, character-
ized in that, the electrode layer is made of a con-
ductive material selected from metal, Indium Tin Ox-
ide, an organic conductor, or a doped semiconduc-
tor.

6. The nanogenerator according to claim 5, character-
ized in that, the metal is selected from gold, silver,
platinum, aluminum, nickel, copper, titanium, chro-
mium, selenium, and an alloy thereof, and in that
the organic conductor is made of an electrically con-
ductive polymer including self polypyrrole, polyphe-
nylene sulfide, polyphthalocyanine based com-
pounds, polyaniline and polythiophenes.

7. The nanogenerator according to claim 5 or 6, char-
acterized in that, the electrode layer comprises a
thin metallic film or a bulk phase material, and the
thickness of the film is 10 nm to 5 mm.

8. The nanogenerator according to any one of claims
1 to 7, characterized in that, a microstructure of a
micron magnitude or a submicron magnitude is dis-
tributed on parts or all 22 of the surface of the friction
layer facing the electrode layer and/or the surface of
the electrode layer facing the friction layer.

9. The nanogenerator according to claim 8, character-
ized in that, the microstructure is selected from na-
nowires, nanotubes, nanoparticles, nanorods, nano-
flowers, nano grooves, micron grooves, nano cones,
micron conse, nanospheres, microspheres, and an
array thereof

10. The nanogenerator according to claim 8, character-
ized in that, the surface of the friction layer facing
the electrode layer and/or the surface of the elec-
trode layer facing the friction layer are coated or em-
bellished with a nano-material.

11. The nanogenerator according to any one of claims
1 to 10, characterized in that, the surface of the
friction layer facing the electrode layer and/or the
surface of the electrode layer facing the friction layer
are chemical modified, such that a functional group
that is easy to obtain electrons is introduced to one
surface of the two surfaces that is relative negative
in the triboelectric polarity sequence, and/or a func-

tional group that is easy to lose electrons is intro-
duced to the other surface of the two surfaces that
is relative positive in the triboelectric polarity se-
quence.

12. The nanogenerator according to any one of claims
1 to 11, characterized in that, the friction layer
and/or the electrode layer is made of a hard material.

13. The nanogenerator according to any one of claims
1 to 11, characterized in that, the friction layer
and/or the electrode layer is made of a flexible ma-
terial.

14. The nanogenerator according to any one of claims
1 to 13, characterized in that, the friction layer and
the electrode layer have the same size and shape,
and are disposed just facing each other.

15. The nanogenerator according to any one of claims
1 to 14, characterized in that, when the friction layer
and the electrode layer are separated from each oth-
er, a maximum interval between contacting surfaces
of the friction layer and the electrode layer is com-
parative to or larger than a length and a width of the
contacting surfaces of the friction layer and the elec-
trode layer.

16. The nanogenerator according to claim 15, charac-
terized in that, a ratio between the maximum inter-
val and the length of the contacting surfaces and a
ratio between the maximum interval and the width
of the contacting surfaces are in a range from 1 to
100.

17. The nanogenerator according to any one of claims
1 to 16, characterized in that, the equipotential
source is provided through grounding.

18. The nanogenerator according to any one of claims
1 to 17, characterized in that, the nanogenerator
further comprises a load, and the electrode is elec-
trically connected to the equipotential source
through the load.

19. The nanogenerator according to any one of claims
1 to 17, characterized in that, the electrical connec-
tion is realized through an external circuit that needs
to be powered.

20. The nanogenerator according to any one of claims
1 to 19, characterized in that, when no external
force is applied, at least parts of the surfaces of the
friction layer and the electrode layer are separated,
and when an external force is applied, at least parts
of the surfaces of the friction layer and the electrode
layer contact with each other; or
when no external force is applied, at least parts of
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the surfaces of the friction layer and the electrode
layer contact with each other, and when an external
force is applied, at least parts of the surfaces of the
friction layer and the electrode layer are separated.

21. The nanogenerator according to any one of claims
1 to 20, characterized in that, the nanogenerator
further comprises an elastic member, and at least
parts of the surfaces of the friction layer and the elec-
trode layer are separated from or contact with each
other by the elastic member when no external force
is applied.

22. The nanogenerator according to claim 21, charac-
terized in that, two or more elastic members are
provided.

23. The nanogenerator according to claim 21 or 22,
characterized in that, the elastic member has ten-
sile elasticity or bending elasticity.

24. The nanogenerator according to any one of claims
1 to 23, characterized in that, the nanogenerator
further comprises a first support member and/or a
second support member, the first support member
is fixed to a surface of the friction layer away from
the electrode layer, and the second support member
is fixed to a surface of the electrode layer away from
the friction layer.

25. The nanogenerator according to claim 24, charac-
terized in that, one end of the elastic member is
fixed to the first support member and is arranged
around the friction layer, and/or the other end of the
elastic member is fixed to the second support mem-
ber and is arranged around the electrode layer.

26. The nanogenerator according to claim 24 or 25,
characterized in that, the first support member
and/or the second support member is made of a rigid
material.

27. The nanogenerator according to any one of claims
24 to 26, characterized in that, the first support
member and/or the second support member is con-
figured to have a flat plate structure.

28. The nanogenerator according to any one of claims
24 to 26, characterized in that, the first support
member and/or the second support member is con-
figured to have a curved structure.

29. The nanogenerator according to any one of claims
24 to 28, characterized in that, the first support
member and the second support member are in par-
allel with each other.

30. The nanogenerator according to any one of claims

24 to 28, characterized in that, one end of the first
support member joins one end of the second support
member.

31. The nanogenerator according to any one of claims
1 to 23, characterized in that, a cavity is formed
between the friction layer and the electrode layer,
the friction layer and/or the electrode layer has a
curved shape bulging outwards in a direction away
from the cavity, such that when an external force is
applied, at least parts of the surfaces of the friction
layer and the electrode layer can contact with each
other, and when the external force is removed, the
friction layer and the electrode layer restore to their
original shapes.

32. The nanogenerator according to claim 31, charac-
terized in that, the friction layer and the electrode
layer are connected with each other at their edges.

33. The nanogenerator according to claim 31 or 32,
characterized in that, the friction layer and/or the
electrode layer has bending elasticity.

34. The nanogenerator according to any one of claims
31 to 33, characterized in that, an outer side surface
of the friction layer in the bulging direction is bonded
with a first elastic substrate, and/or an outer side
surface of the electrode layer in the bulging direction
is bonded with a second elastic substrate.

35. The nanogenerator according to claim 34, charac-
terized in that, the first elastic substrate and the
second elastic substrate are selected from polyim-
ide, polyethylene terephthalate and polystyrene.

36. The nanogenerator according to claim 34 or 35,
characterized in that, a thickness of the first elastic
substrate and the second elastic substrate is be-
tween 50 mm and 10 mm.

37. The nanogenerator according to claim 34, charac-
terized in that,
the first elastic substrate and the friction layer have
different thermal expansion coefficients, such that
when they are bonded together, the first elastic sub-
strate and the friction layer as a whole bulges to-
wards the first elastic member side; and/or
the second elastic substrate and the electrode layer
have different thermal expansion coefficients, such
that when they are bonded together, the second
elastic substrate and the electrode layer as a whole
bulges towards the second elastic member side.

38. The nanogenerator according to any one of claims
31 to 37, characterized in that, the friction layer is
curved and bulges outwards away from the cavity,
the electrode layer is plane, and a size of the friction
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layer is smaller than that a size of the electrode layer.

39. A single-electrode triboelectric nanogenerator set,
characterized in that, the nanogenerator set com-
prises two or more nanogenerators according to any
one of claims 1 to 38 connected in parallel, and elec-
trical signals output from the nanogenerators are
monitored separately or unifiedly.

40. The nanogenerator set according to claim 39, char-
acterized in that, the two or more nanogenerators
are superposed together in the longitudinal direction
to form the nanogenerator set.

41. The nanogenerator set according to claim 40, char-
acterized in that, two adjacent nanogenerators are
securely connected through an insulating layer.

42. The nanogenerator set according to claim 41, char-
acterized in that, two adjacent nanogenerators
share a common electrode layer.

43. The nanogenerator set according to claim 42, char-
acterized in that, as compared with the friction lay-
ers in the two adjacent nanogenerators, the common
electrode layer tends to lose electrons.

44. The nanogenerator set according to claim 39, char-
acterized in that, the two or more nanogenerators
are arranged side by side to form the nanogenerator
set.

45. The nanogenerator set according to claim 44, char-
acterized in that, all the nanogenerators share a
common electrode layer, and all the friction layers
are located at the same side of the common elec-
trode layer.

46. The nanogenerator set according to claim 45, char-
acterized in that, the two or more nanogenerators
are partially different from each other, or completely
the same.

47. A power generation method, characterized in that
the nanogenerator according to any one of claims 1
to 38 or the nanogenerator set according to any one
of claims 39 to 46 is utilized, the method comprises
steps of:

(1) providing the friction layer,
(2) providing the electrode layer,
(3) forming an electrical connection between the
electrode layer and an equipotential source;
(4) applying an external force such that at least
one contact-and-separation cycle is formed be-
tween at least parts of surfaces of the friction
layer and the electrode layer; and
(5) outputting an electrical signal through the

electrode layer and the equipotential source dur-
ing step (4).

48. The power generation method according to 47, char-
acterized in that, the external force applied in step
(4) is a continuous external force, the direction of
which is periodically reversed, or the magnitude of
which is periodically changed.

49. A tracking system based on single-electrode triboe-
lectric nanogenerators, characterized in that, the
tracking system comprises two or more nanogen-
erators according to any one of claims 1 to 38, the
friction layer or the electrode layer of each nanogen-
erator is disposed facing upwards on a surface on
which an object to be tracked moves, and at least
parts of the surfaces of the friction layer and the elec-
trode layer can contact each other under the pres-
sure of the object to be tracked and can restore to
their original shapes after the object to be tracked
has left, and electrical signals output from each of
the nanogenerators are separately monitored.
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