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RESISTIVE PRESSURE SENSOR AND
METHOD FOR MAKING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
U.S. application Ser. No. 18/085,609, filed Dec. 21, 2022,
which is a continuation of U.S. application Ser. No. 17/851,
336, filed Jun. 28, 2022 (now U.S. Pat. No. 11,561,138), the
entire contents of each are incorporated herein by reference.
This application also relates to U.S. application Ser. No.
18/373,292 filed on Sep. 27, 2023 which is a continuation of
Ser. No. 18/085,609 filed Dec. 21, 2022.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of sensors, and particularly relates to a resistive pressure
sensor and a method for making the resistive pressure
sensor.

BACKGROUND

[0003] A pressure sensor is one of the most commonly
used sensors today. For example, the pressure sensors have
been widely applied in various electronic products such as
appliances, televisions, computers, monitors, and portable
electronic devices such as mobile phones, smart phones,
smart watch, tablet computers, electronic books, portable
game consoles, etc. Most recently, a display touchscreen
pressure sensor and three-dimension touch pressure sensor
have attracted extensive attention.

[0004] The pressure sensor typically generates a signal
related to an applied force to measure the applied force in a
specific area where the force is applied. One type of the most
common pressure sensors is based on a conductive pressure-
sensitive composite to achieve pressure response. The con-
ductive pressure-sensitive composite relies on tunneling
current between conductive particles embedded in an elastic
polymer medium to detect pressure such as touch pressure.
When the pressure-sensitive composite is compressed by a
mechanical load, for example, by a finger, the electrical
properties of the pressure-sensitive composite, such as resis-
tance or resistivity, will change in response to an applied
pressure. However, the practical application of the pressure-
sensitive composite requires the composite to be completely
and uniformly compressed in its functional region, thus
requiring a large force to achieve its proper function. As a
result, the polymer-conductive particle composite lacks the
ability to measure the local pressure precisely and accurately
and is limited to sensing the existence and difference of the
overall force exerted on the composite. In addition, most
conductive pressure-sensitive composites lack high optical
transparency due to the requirements of the high concentra-
tion of the conductive particles and/or long-term durability
under repeated deformation, which limits their applications
in visual display products. Therefore, there is a need for
improved pressure-sensitive composites and pressure sens-
ing devices.

SUMMARY

[0005] The present disclosure provides a resistive pressure
sensor and a method for making the resistive pressure
sensor. The resistive pressure sensor provided may qualita-
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tively measure pressure applied on the sensor and is opti-
cally transparent to visible light.

[0006] According to a first aspect of the present disclo-
sure, there is provided a resistive pressure sensor, the
resistive pressure sensor comprising:

[0007] a flexible pressure substrate having a pressure
receiving surface and a support substrate facing surface
and being parallel to a support substrate;

[0008] a pressure electrode layer disposed on the sup-
port substrate facing surface of the flexible pressure
substrate;

[0009] an elastic dielectric layer with porous structure;

[0010] a pressure-sensitive composite layer having a
first surface facing the pressure electrode layer and a
second surface opposite and parallel to the first surface,
wherein the pressure-sensitive composite layer com-
prises a conductive one-dimensional nanomaterial ori-
ented substantially perpendicular to the first surface;

[0011] a support electrode layer disposed on a pressure
substrate facing surface of the support substrate and
facing the pressure electrode layer; and

[0012] the support substrate,

wherein the elastic dielectric layer with porous structure and
the pressure-sensitive composite layer are positioned
between the pressure electrode layer and the support elec-
trode layer and are optically transparent.

[0013] According to a second aspect of the present dis-
closure, there is provided a transparent resistive pressure
sensor, the transparent resistive pressure sensor comprising:

[0014] a flexible pressure substrate and a support sub-
strate, the flexible pressure substrate having a pressure
receiving surface and a support substrate facing surface
and being parallel to the support substrate, the support
substrate having a pressure substrate facing surface;

[0015] afirst electrode disposed on the support substrate
facing surface of the flexible pressure substrate and
having a support substrate facing surface;

[0016] a second electrode disposed on the pressure
substrate facing surface of the support substrate and
having a pressure substrate facing surface;

[0017] a pressure-sensitive composite layer having a
first surface and a second surface opposite and parallel
to the first surface and positioned between the first
electrode and second electrode, the second surface of
the pressure-sensitive composite layer facing the sup-
port substrate, wherein the pressure-sensitive compos-
ite layer comprises a conductive one-dimensional
nanomaterial oriented substantially perpendicular to
the first surface; and

[0018] a plurality of elastic dielectric spacers config-
ured to define an insulating gap between the first
electrode and the pressure-sensitive composite layer,

wherein the transparent pressure sensitive sensor is optically
transparent.

[0019] According to a third aspect of the present disclo-
sure, there is provided a method of making a pressure-
sensitive composite film comprising a transparent polymer
dielectric matrix and a conductive one-dimensional nano-
material uniformly distributed in the transparent polymer
dielectric matrix and oriented substantially in a thickness
direction of the pressure-sensitive composite film, the
method including:

[0020] providing a synthetic substrate coated with a
releasing layer thereon and providing a polymer pre-
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cursor solution comprising a liquid precursor of the
transparent polymer dielectric matrix and optionally a
first volatile solvent;

[0021] coating the polymer precursor solution on the
releasing layer at room temperature to obtain a liquid
precursor film on the releasing layer by using the
polymer precursor solution;

[0022] heating the liquid precursor film to a first tem-
perature, wherein the first temperature is higher than a
boiling point of the first volatile solvent if present and
lower than a boiling point of the liquid precursor of the
transparent polymer dielectric matrix and a polymer-
ization temperature of the liquid precursor of the trans-
parent polymer dielectric matrix if the liquid precursor
of the transparent polymer dielectric matrix is ther-
mally polymerizable;

[0023] spraying vertically and uniformly a conductive
nanowire suspension including a conductive one-di-
mensional nanomaterial and a second volatile solvent
onto the liquid precursor film to obtain a liquid pre-
cursor film embedded with the conductive one-dimen-
sional nanomaterial that is oriented substantially in a
thickness direction of the liquid precursor film, wherein
a boiling point of the second volatile solvent is lower
than the first temperature; and

[0024] in-situ polymerizing and curing the liquid pre-
cursor film embedded with the conductive one-dimen-
sional nanomaterial by irradiating the liquid precursor
film embedded with conductive one-dimensional nano-
material with UV light and then removing the cured
liquid precursor film embedded with the conductive
one-dimensional nanomaterial from the releasing layer
to obtain the pressure-sensitive composite film com-
prising the conductive one-dimensional nanomaterial
oriented substantially in a thickness direction of the
pressure-sensitive composite film.

[0025] According to a fourth aspect of the present disclo-
sure, there is provided an electronic device comprising the
resistive pressure sensor according to the first aspect of the
present disclosure.

[0026] According to a fifth aspect of the present disclo-
sure, there is provided an electronic device comprising the
transparent resistive pressure sensor according to the second
aspect of the present disclosure.

[0027] Thus, the present disclosure provides a preparation
method of an anisotropically oriented nanowire-polymer
pressure-sensitive composite film and its applications in a
transparent resistive pressure sensor. The pressure-sensitive
composite film provided in the present disclosure can be
easily fabricated in large area by the disclosed preparation
method and has the properties of pressure sensitivity, high
optical transparency, and long-term durability. Since one-
dimensional conductive nanowires are aligned and arranged
along the thickness direction of the pressure-sensitive com-
posite film, its conductivity along the thickness direction of
the film is much greater than the conductivity caused by the
cross coupling between the nanowires along the direction
orthogonal to the thickness direction of the film. Therefore,
an ultra-low concentration of conductive nanowires can
achieve the effect of high conductivity in the thickness
direction of the film, meanwhile, keeping the high optical
transparency of the film. The resistive pressure sensor based
on the disclosed pressure-sensitive composite film may
utilizes a small local mechanical load or pressure to change
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the contact area between the electrode and the pressure-
sensitive composite film to activate different numbers of
conductive units comprising nanowire(s), resulting in a large
change in the effective local resistance of the output, which
greatly improves the signal-to-noise ratio and sensitivity of
the resistive pressure sensor.

[0028] It should be understood that the above general
description and the following detailed description are only
exemplary and explanatory and are not restrictive of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In order to explain the technical features of
embodiments of the present disclosure more clearly, the
drawings used in the present disclosure are briefly intro-
duced as follow. Obviously, the drawings in the following
description are some exemplary embodiments of the present
disclosure. Ordinary person skilled in the art may obtain
other drawings and features based on these disclosed draw-
ings without inventive efforts.

[0030] FIG. 1 illustrates a schematic cross-sectional view
of a resistive pressure sensor according to some embodi-
ments of the present disclosure.

[0031] FIG. 2 illustrates an exploded view of the resistive
pressure sensor shown in FIG. 1.

[0032] FIG. 3 illustrates a partial enlarged top view of an
elastic dielectric layer with porous structure of a resistive
pressure sensor according to some embodiments of the
present disclosure.

[0033] FIG. 4 illustrates a partial enlarged cross-sectional
view of a resistive pressure sensor according to some
embodiments of the present disclosure.

[0034] FIG. 5 illustrates schematic cross-sectional views
of a resistive pressure sensor operating under different
amounts of compressing force according to some embodi-
ments of the present disclosure.

[0035] FIG. 6 illustrates a schematic cross-sectional view
of a resistive pressure sensor according to some embodi-
ments of the present disclosure.

[0036] FIG. 7 illustrates schematic diagrams of exemplary
dielectric spacer configurations (upper panel) and corre-
sponding detectable pressure ranges thereof (lower panel) of
a resistive pressure sensor according to some embodiments
of the present disclosure.

[0037] FIG. 8 illustrates a schematic diagram of an exem-
plary dielectric spacer configuration of a resistive pressure
sensor according to some embodiments of the present dis-
closure.

[0038] FIG. 9 illustrates the schematic diagram of pres-
sure-sensitive composite layer patterned into isolated 2-di-
mensional dots arrays. A plurality of these isolated 2-dimen-
sional dots is located within a pressure sensing pixel, defined
as the overlapping area of the pressure electrode layer and
the support electrode layer according to some embodiments
of the present disclosure.

[0039] FIG. 10 illustrates the schematic diagram of the
support electrode layer and pressure electrode layer being
further patterned into a plurality of isolated paths, wherein
the plurality of isolated paths in the support electrode layer
intersects the plurality of isolated paths in the pressure
electrode layer to form a plurality of overlapping areas. Each
of these overlapping areas is defined as a pressure sensing
pixel. A continuous film of pressure-sensitive composite
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layer is sandwiched between the support electrode layer and
pressure electrode layer according to some embodiments of
the present disclosure.

[0040] FIG. 11 illustrates the schematic diagram of the
support electrode layer and pressure electrode layer being
further patterned into a plurality of isolated paths, wherein
the plurality of isolated paths in the support electrode layer
intersects the plurality of isolated paths in the pressure
electrode layer to form a plurality of overlapping areas. Each
of these overlapping areas is defined as a pressure sensing
pixel. The pressure-sensitive composite layer was patterned
into isolated 2-dimensional dots arrays. Each of these iso-
lated 2-dimensional dots is located within a pressure sensing
pixel, defined as the overlapping area of the pressure elec-
trode layer and the support electrode layer according to
some embodiments of the present disclosure.

[0041] FIG. 12 illustrates the schematic diagram of the
support electrode layer and pressure electrode layer being
further patterned into a plurality of isolated paths, wherein
the plurality of isolated paths in the support electrode layer
intersects the plurality of isolated paths in the pressure
electrode layer to form a plurality of overlapping areas. Each
of these overlapping areas is defined as a pressure sensing
pixel. The pressure-sensitive composite layer is patterned as
isolated areas and overlaps with a plurality of isolated paths
of the pressure electrode layer according to some embodi-
ments of the present disclosure.

[0042] FIG. 13 illustrates the schematic diagram of a
spacer next to a pressure sensing patch. The further the
pressure sensing patch to the spacer, the lighter the force is
required to activate such pressure sensing patch according to
some embodiments of the present disclosure.

[0043] FIG. 14 illustrates the schematic diagram of a
spacer located at the center of a pressure sensing patch. The
larger the pressure sensing patch, the lighter the force is
required to activate such pressure sensing patch according to
some embodiments of the present disclosure.

[0044] FIG. 15 illustrates the schematic diagram of a
spacer surrounded by a pressure sensing patch. The larger
the pressure sensing patch, the lighter the force is required
to activate such pressure sensing patch according to some
embodiments of the present disclosure.

[0045] It should be noted that like symbols and reference
numerals in the various drawings may indicate like ele-
ments.

DETAILED DESCRIPTION

[0046] The technical solutions and technical features
encompassed in the present disclosure will now be described
more fully herein in conjunction with the accompanying
drawings, in which exemplary embodiments of the disclo-
sure are illustrated. It should be understood that the embodi-
ments disclosed herein are merely examples, each incorpo-
rating certain benefits of the present disclosure. Various
modifications and alterations may be made to the following
examples within the scope of the present disclosure by
persons skilled in the art. It should be understood that one or
more steps within a method may be executed in different
order (or concurrently) without altering the principles of the
disclosure. Features of the different embodiments may be
combined in different ways to reach yet further embodi-
ments. Accordingly, the scope of the disclosure is to be
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understood from the entirety of the present disclosure in
view of, but not limited to, the embodiments described
herein.
[0047] FIG. 1 illustrates a schematic cross-sectional view
of a resistive pressure sensor 100 according to some embodi-
ments of the present disclosure, and FIG. 2 illustrates an
exploded view of the resistive pressure sensor 100 shown in
FIG. 1. As shown in FIG. 1 and FIG. 2, in some embodi-
ments, the resistive pressure sensor 100 may include:
[0048] a flexible pressure substrate 110 having a pres-
sure receiving surface and a support substrate facing
surface and being parallel to a support substrate 160;
[0049] a pressure electrode layer 120 disposed on the
support substrate facing surface of the flexible pressure
substrate 110;

[0050] an elastic dielectric layer 130 with porous struc-
ture;
[0051] a pressure-sensitive composite layer 140 having

a first surface 142 facing the pressure electrode layer
120 and a second surface 144 opposite and parallel to
the first surface 142, wherein the pressure-sensitive
composite layer comprises a conductive one-dimen-
sional nanomaterial 146 oriented substantially perpen-
dicular to the first surface 142;

[0052] a support electrode layer 150 disposed on a
pressure substrate facing surface of the support sub-
strate 160 and facing the pressure electrode layer 120;
and

[0053] the support substrate 160,

wherein the elastic dielectric layer 130 with porous structure
and the pressure-sensitive composite layer 140 are posi-
tioned between the pressure electrode layer 120 and the
support electrode layer 150 and are optically transparent.
[0054] The resistive pressure sensor 100 may be applied in
avariety of electronic devices having an interactive interface
including, but not limited to, a display, a touch screen, a
television, a smart phone, a smart watch, a tablet computer,
a laptop computer, a remote control, etc. The resistive
pressure sensor 100 may detect a mechanic load, such as a
touch by a finger, a press by a stylus, or the like, by
measuring the amount of local pressure exerted on the
resistive pressure sensor 100. Therefore, the resistive pres-
sure sensor 100 can detect not only the location of the
mechanic load but also the magnitude of the mechanic load,
thus achieving three-dimension pressure sensing.

[0055] The flexible pressure substrate 110 may be com-
posed of an optically transparent and flexible material
selected from a polyethylene terephthalate (PET), a poly-
ethylene naphthalate (PEN), a colorless polyimide (CPI), a
polycarbonate (PC), a polymethylmethacrylate (PMMA), a
polystyrene (PS), a polyethersulfone (PES), a polynor-
bornene (PNB), or glass. The material of the flexible pres-
sure substrate 110 is formulated such that the flexible
pressure substrate 110 has sufficient elasticity to permit it to
be bent from a resting position under the force levels
anticipated to be applied to the pressure receiving surface of
the flexible pressure substrate 110 during use and then return
to its original resting position once the force is released. The
thickness of the flexible pressure substrate 110 may be in a
range of 0.01 mm-2 mm. For example, in some embodi-
ments, the flexible pressure substrate 110 may comprise a
plastic film with a Young’s modulus of 1 GPa-4 GPa. In
some embodiments, the flexible pressure substrate 110 may
be a PET substrate with the Young’s modulus of 2 GPa-2.7
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GPa. In some embodiments, the flexible pressure substrate
110 may be a glass sheet with a thickness of 0.01-0.33 mm.

[0056] The support substrate 160 may be composed of an
optically transparent material selected from a polyethylene
terephthalate (PET), a polyethylene naphthalate (PEN), a
colorless polyimide (CPI), a polycarbonate (PC), a polym-
ethylmethacrylate (PMMA), a polystyrene (PS), a polyether-
sulfone (PES), a polynorbornene (PNB), or glass. An elas-
ticity of the support substrate 160 is less than an elasticity of
the flexible pressure substrate 110 so that the support sub-
strate 160 does not bend when a pressure force is applied to
the flexible pressure substrate 110, which facilitates the
contact area between the pressure electrode layer 120 and
the pressure-sensitive composite layer 140 varying as a
function of the amount of pressure force applied on the
flexible pressure substrate 110. For example, when the
flexible pressure substrate 110 is a plastic substrate, the
support substrate 160 may be glass. When the flexible
pressure substrate 110 is a thin material, the support sub-
strate 160 may be a thicker one of the same material, such
as 5-10 times thicker than the flexible pressure substrate 110,
or another material with a higher Young’s modulus. The
thickness of the support substrate 160 may be in a range of
0.05 mm-2 mm. For instance, in one embodiment, the
flexible pressure substrate 110 may comprise a plastic film
with a Young’s modulus of 1 GPa-4 GPa, the support
substrate 160 may comprise a glass sheet with a Young’s
modulus of 50 GPa-90 GPa. In another embodiment, the
flexible pressure substrate 110 may be a glass sheet with a
thickness of 0.01 mm-0.33 mm, the support substrate 160
may comprise a glass sheet with a thickness of 1 mm-2 mm.
In this way, within a defined detection range, a pressure
force that bends the flexible pressure substrate will much
less effect on the support substrate.

[0057] The pressure electrode layer 120 may be optically
transparent and comprise a transparent conductive material
selected from fluorine doped tin oxide (FTO), indium tin
oxide (ITO), indium zinc oxide (IZO), indium tin zinc oxide
(ITZO), poly (3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT: PSS), carbon nanoparticles, carbon
nanotubes, graphene, metal nanoparticles, metal nanowires
(such as Ag nanowires), metal nano-grids, metal meshes,
conductive polymer nanoparticles, conductive polymer nan-
opore networks, or mixtures thereof. The pressure electrode
layer 120 may be directly coated on the support substrate
facing surface of the pressure substrate 110 by, but not
limited to, slot die coating, spray coating, Meyer rod coat-
ing, blade coating, screen printing, ink jet printing, stamp-
ing, etc.

[0058] The thickness of the pressure electrode layer 120
may be no more than 200 nm to ensure a high optical
transparency. In some embodiments, the thickness of the
pressure electrode layer 120 may be in a range of 1 nm to
200 nm, 5 nm to 200 nm, 10 nm to 200 nm, 20 nm to 200
nm, 30 nm to 200 nm, 40 nm to 200 nm, 50 nm to 200 nm,
60 nm to 200 nm, 70 nm to 200 nm, 80 nm to 200 nm, 90
nm to 200 nm, or 100 nm to 200 nm, or within any range
defined between any two of the foregoing values, such as 20
nm to 100 nm. In one embodiment, the thickness of the
pressure electrode layer 120 is about 150 nm. In another
embodiment, the thickness of the pressure electrode layer
120 is about 100 nm. In yet another embodiment, the
thickness of the pressure electrode layer 120 is about 50 nm.
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[0059] In some embodiments, as shown in FIG. 2, the
pressure electrode layer 120 may further comprise a plural-
ity of conductive traces parallel to each other and separated
by an insulating gap. The pattern of the plurality of conduc-
tive traces of the pressure electrode layer 120 may be formed
on the pressure electrode layer 120 by, for example, laser
ablation, ion beam etching, photolithography, E-beam
lithography. The width of each conductive trace is 1 mm-10
mm. The insulating gap between two adjacent conductive
traces has a width of 0.1 mm-0.5 mm. The plurality of
conductive traces of the pressure electrode layer 120 are
extended along a first direction and parallel the first direc-
tion, such as along an X direction shown in FIG. 2.

[0060] Similarly, the support electrode layer 150 may be
optically transparent and comprise a transparent conductive
material selected from fluorine doped tin oxide (FTO),
indium tin oxide (ITO), indium zinc oxide (IZO), indium tin
zinc oxide (ITZO), poly (3,4-ethylenedioxythiophene) poly-
styrene sulfonate (PEDOT: PSS), carbon nanoparticles, car-
bon nanotubes, graphene, metal nanoparticles, metal nanow-
ires (such as Ag nanowires), metal nano-grids, metal
meshes, conductive polymer nanoparticles, conductive poly-
mer nanopore networks, or mixtures thereof. The support
electrode layer 150 may be directly coated on the pressure
substrate facing surface of the support substrate 160 by, but
not limited to, slot die coating, spray coating, Meyer rod
coating, blade coating, screen printing, ink jet printing,
stamping, etc.

[0061] The thickness of the support electrode layer 150
may be no more than 200 nm to ensure a high optical
transparency. In some embodiments, the thickness of the
support electrode layer 150 may be in a range of 1 nm to 200
nm, 5 nm to 200 nm, 10 nm to 200 nm, 20 nm to 200 nm,
30 nm to 200 nm, 40 nm to 200 nm, 50 nm to 200 nm, 60
nm to 200 nm, 70 nm to 200 nm, 80 nm to 200 nm, 90 nm
to 200 nm, or 100 nm to 200 nm, or within any range defined
between any two of the foregoing values, such as 20 nm to
100 nm. In one embodiment, the thickness of the support
electrode layer 150 is about 150 nm. In another embodiment,
the thickness of the support electrode layer 150 is about 100
nm. In yet another embodiment, the thickness of the support
electrode layer 150 is about 50 nm.

[0062] In some embodiments, the pressure electrode layer
120 and the support electrode layer 150 may comprise the
same type of transparent conductive material. For example,
both the pressure electrode layer 120 and the support elec-
trode layer 150 may comprise a same transparent conductive
oxide such as fluorine doped tin oxide, indium tin oxide,
indium zinc oxide, or indium tin zinc oxide, etc. In other
embodiments, the pressure electrode layer 120 and the
support electrode layer 150 may comprise different trans-
parent conductive materials. For example, the support elec-
trode layer 150 may comprise a transparent conductive
oxide such as fluorine doped tin oxide, indium tin oxide,
indium zinc oxide, or indium tin zinc oxide, etc. and the
pressure electrode layer 120 may comprise poly (3,4-ethyl-
enedioxythiophene) polystyrene sulfonate (PEDOT: PSS),
carbon nanoparticles, carbon nanotubes, graphene, metal
nanoparticles, metal nanowires (such as Ag nanowires),
metal nano-grids, metal meshes, conductive polymer nan-
oparticles, conductive polymer nanopore networks, or mix-
tures thereof, or vice versa. As such, the physical and electric
properties of the pressure electrode layer 120 and the
support electrode layer 150 may be tuned. For instance, in
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one embodiment, the support electrode layer 150 may com-
prise indium tin oxide (ITO), and the pressure electrode
layer 120 may comprise a composite comprising metal
nanowires such as Ag nanowires.

[0063] In some embodiments, as shown in FIG. 2, the
support electrode layer 150 may comprise a plurality of
conductive traces parallel to each other and separated by an
insulating gap. The pattern of the plurality of conductive
traces of the support electrode layer 150 may be formed on
the support electrode layer 150 by, for example, laser
ablation, ion beam etching, photolithography, E-beam
lithography. The width of each conductive trace is 1 mm-10
mm. The insulating gap between two adjacent conductive
traces has a width of 0.1 mm-0.5 mm. The plurality of
conductive traces of the support electrode layer 150 are
extended along a second direction and parallel the second
direction, such as along a Y direction shown in FIG. 2.
[0064] The plurality of conductive traces of the pressure
electrode layer 120 and the plurality of conductive traces of
the support electrode layer 150 are oriented at an angle to
define a plurality of pressure sensing pixels at cross sections
of'the plurality of conductive traces of the pressure electrode
layer 120 and the plurality of conductive traces of the
support electrode layer 150, i.e., the first direction and the
second direction are different and oriented at the angle. In
some embodiments, the plurality of conductive traces of the
pressure electrode layer 120 are oriented substantially per-
pendicular to the plurality of conductive traces of the
support electrode layer 150. Each pressure sensing pixel
may comprise at least one straight hole of the transparent
elastic dielectric film of the elastic dielectric layer 130 and
at least one conductive unit of the pressure-sensitive com-
posite layer 140 described in detail below. It is understand-
able to those skilled in the art that the plurality of conductive
traces of the pressure electrode layer 120 and the plurality of
conductive traces of the support electrode layer 150 are
connected to an external resistance measuring circuitry
comprising a multiplexer and a control circuitry to detect a
resistance change of each pressure sensing pixel when an
external force is exerted on the resistive pressure sensor 100
and a location where the external force is exerted on the
resistive pressure sensor 100 during use.

[0065] Please refer to FIG. 3 and FIG. 4. FIG. 3 illustrates
a partial enlarged top view of an elastic dielectric layer of a
resistive pressure sensor according to some embodiments of
the present disclosure. FIG. 4 illustrates a partial enlarged
cross-sectional view of a resistive pressure sensor according
to some embodiments of the present disclosure. As shown in
FIG. 3 and FIG. 4, the elastic dielectric layer 130 may
comprise a transparent elastic dielectric film 132 and a
plurality of size-varied straight holes 134-138 penetrating
through the transparent elastic dielectric film 132 in a
thickness direction of the transparent elastic dielectric film
132, 1.e., a Z axial direction as shown in FIG. 1, thus forming
an elastic dielectric spacer with microstructure.

[0066] The plurality of size-varied straight holes 134-138
are uniformly distributed in the transparent elastic dielectric
film 132. The transparent elastic dielectric film 132 may
comprise an optically transparent elastomer such as poly-
isoprene, polybutadiene, a polyacrylic elastomer, a silicone
elastomer, a fluoroelastomer, a polyurethane elastomer, a
styrene-butadiene block copolymer, etc. For example, in
some embodiments, the transparent elastic dielectric film
132 may comprise a silicone elastomer, a polyacrylic elas-
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tomer, a polyacrylate elastomer, or a mixture thereof. In one
embodiment, the transparent elastic dielectric film 132 may
comprise polydimethylsiloxane (PDMS). The plurality of
size-varied straight holes may be in a shape of prism, a shape
of cylinder, or a mixture thereof. Each pressure sensing pixel
formed at cross sections of the plurality of conductive traces
of the pressure electrode layer 120 and the plurality of
conductive traces of the support electrode layer 150 may
comprise at least one straight hole. The formation of the
size-varied straight holes in the transparent elastic dielectric
film 132 may be implemented by photolithography, E-beam
lithography, ion beam etching, etc. known in the industry.
[0067] The thickness of the transparent elastic dielectric
film 132 is in a range of 50 nm-500 nm, 60 nm-500 nm, 70
nm-500 nm, 80 nm-500 nm, 100 nm-500 nm, 200 nm-500
nm, 300 nm-500 nm, or 400 nm-500 nm, or within any range
defined between any two of the foregoing values, such as
200 nm-300 nm.

[0068] Insome embodiments, as shown in FIG. 3 and FIG.
4, each of the plurality of size-varied straight holes 134-138
is a cylindrical hole with a diameter, and the diameter of
each cylindrical hole is not less than a thickness of the
transparent elastic dielectric film 132. The diameter of the
cylindrical hole is in a range of 50 nm-30 microns.

[0069] The elastic dielectric layer 130 may be directly
attached to the first surface 142 of the pressure-sensitive
composite layer 140, i.e., sandwiched between the pressure-
sensitive composite layer 140 and the pressure electrode
layer 120 as an elastic dielectric spacer. Alternatively, the
elastic dielectric layer 130 may be directly attached to the
second surface 144 of the pressure-sensitive composite layer
140, i.e., sandwiched between the pressure-sensitive com-
posite layer 140 and the support electrode layer 150 as an
elastic dielectric spacer. The elastic dielectric layer 130 with
hole structure may be deformed by an external force, and the
undeformed state of the elastic dielectric layer can be
restored once the external force is removed.

[0070] As shown in FIG. 1 and FIG. 2, the pressure-
sensitive composite layer 140 has a first surface 142 facing
the pressure electrode layer 120 and a second surface 144
opposite and parallel to the first surface and may comprise
atransparent polymer dielectric matrix 148 and a conductive
one-dimensional nanomaterial 146 oriented substantially
perpendicular to the first surface 142. The term “substan-
tially perpendicular to” used herein means an included angle
between the longitudinal axis of the conductive one-dimen-
sional nanomaterial and a reference surface such as the first
surface 142 is in a range of 70-90 degrees. In other words,
the longitudinal axis of the conductive one-dimensional
nanomaterial is oriented within 0-20 degrees of the surface
normal of the first surface 142. In some embodiments, at
least 60% of conductive nanowires embedded in the trans-
parent polymer dielectric matrix 148 are oriented substan-
tially perpendicular to the first surface 142. In some embodi-
ments, at least 70% of conductive nanowires embedded in
the transparent polymer dielectric matrix 148 are oriented
substantially perpendicular to the first surface 142. In one
preferred embodiment, at least 80% of conductive nanow-
ires embedded in the transparent polymer dielectric matrix
148 are oriented substantially perpendicular to the first
surface 142.

[0071] The conductive one-dimensional nanomaterial 146
may comprise conductive nanowires selected from the group
consisting of a metal nanowire, a conductive polymer
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nanowire, a ceramic conductive nanowire, a carbon nanow-
ire, a single walled carbon nanotube, a multi-walled carbon
nanotube, and a mixture thereof. The conductive nanowires
are uniformly distributed in the transparent polymer dielec-
tric matrix 148 to form a polymer-conductive nanowire
composite and are partially exposed on the first surface
and/or the second surface to form non cross-talking and
dispersed conductive units. The term “non cross-talking”
used herein means that there is no electrical contact between
two adjacent conductive units. Each conductive unit may
comprise at least one through conductive channel extending
from the first surface 142 to the second surface 144 through
one single conductive nanowire or multiple conductive
nanowires. The conductive units have enough space
between each other to ensure that the adjacent conductive
units in the same area are isolated by the transparent polymer
dielectric medium. Thus, the resistance is low within the
conductive units and extremely high between the conductive
units, in other words, the pressure-sensitive composite layer
140 has extremely high resistance across the first surface
142 and across the second surface 144, but low resistance
within the conductive units across the pressure-sensitive
composite layer, i.e., in a thickness direction of the pressure-
sensitive composite layer 140. In some embodiments, the
conductive units on the first/second surfaces are present at a
density from about 1 to 10° conductive units per square
microns, preferably from about 10 to 10° conductive units
per square microns, more preferably from about 10? to 10°
conductive units per square microns, even more preferably
from about 10° to 10° conductive units per square microns.

[0072] Since the pressure-sensitive composite layer 140 is
directly attached to the elastic dielectric layer 130 with
porous structure, each overlapping area of the cylindrical
hole and the polymer-conductive nanowire composite film
may include at least one conductive unit. The larger the
diameter of the cylindrical hole is, the greater the number of
conductive units in its overlapping area with the polymer
conductive nanowire composite film is. As a result, each
pressure sensing pixel formed at cross sections of the
plurality of conductive traces of the pressure electrode layer
120 and the plurality of conductive traces of the support
electrode layer 150 may comprise at least one conductive
unit.

[0073] The transparent polymer dielectric matrix 148 may
comprise a polymer polymerized from a liquid precursor
selected from the group consisting of an acrylate, a meth-
acrylate, an acrylic acid, a methacrylic acid, an acrylamide,
a methacrylamide, a methylstyrene, a siloxane, silicone
ether, an isocyanate, an epoxy, and a mixture thereof. The
storage modulus of the transparent polymer dielectric matrix
148 may be in a range of 100 kPa-10 GPa, 1 MPa-10 GPa,
10 MPa-10 GPa, 100 MPa-10 GPa, 500 MPa-10 GPa, 1
GPa-10 GPa, 2 GPa-10 GPa, 3 GPa-10 GPa, 4 GPa-10 GPa,
or 5 GPa-10 GPa, or any range defined between any two of
the foregoing values, such as 1 GPa-5 GPa, at an ambient
temperature.

[0074] The Thickness of the transparent polymer dielectric
matrix 148 may be in a range of 0.1 microns-10 microns, 0.5
microns-10 microns, 1 micron-10 microns, 2 microns-10
microns, 3 microns-10 microns, 4 microns-10 microns, 5
microns-10 microns, 6 microns-10 microns, 7 microns-10
microns, 8 microns-10 microns, or 9 microns-10 microns, or
any range defined between any two of the foregoing values,
such as 3 microns-5 microns,
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[0075] The suitable metal nanowire for the conductive
one-dimensional nanomaterial 146 may include, but is not
limited to, a silver nanowire (Ag nanowire), a copper
nanowire, a gold nanowire, a nickel nanowire, a platinum
nanowire, a stainless steel nanowire, or a mixture thereof.
The suitable conductive polymer nanowire for the conduc-
tive one-dimensional nanomaterial 146 may include, but is
not limited to, a polypyrrole nanowire/nanotube, a polyani-
line nanowire/nanotube, a polythiophene nanowire/nano-
tube, a poly(3-methylthiothiophene) nanowire/nanotube, a
poly(3,4-ethylthiothiophene) nanowire/nanotube, a mixture
thereof. The suitable ceramic conductive nanowire for the
conductive one-dimensional nanomaterial 146 may include,
but is not limited to, an indium tin oxide nanowire/nanotube.
The suitable carbon nanotube for the conductive one-dimen-
sional nanomaterial 146 may include a single walled carbon
nanotube, a multi-walled carbon nanotube, or a mixture
thereof. A diameter of the conductive nanowire suitable for
the conductive one-dimensional nanomaterial 146 is in a
range of 1 nm-100 nm. A length of the conductive nanowire
suitable for the conductive one-dimensional nanomaterial
146 is in a range of 100% to 200% of a thickness of
pressure-sensitive composite layer 140. As such, the con-
ductive nanowires embedded in the transparent polymer
dielectric matrix 148 and substantially perpendicularly
aligned relative to the first/second surface of the pressure-
sensitive composite layer 140 may be partially exposed on
the first surface and/or the second surface of the pressure-
sensitive composite layer 140 to form non cross-talking and
dispersed conductive units. Each conductive unit comprises
at least one through conductive channel extending from the
first surface 142 to the second surface 144 through one
single conductive nanowire or multiple conductive nanow-
ires.

[0076] When the elastic dielectric layer 130 with porous
structure is attached to the first surface 142 of the pressure-
sensitive composite layer 140 and sandwiched between the
pressure-sensitive composite layer 140 and the pressure
electrode layer 120, the support electrode layer 150 is
attached to the second surface 144 of the pressure-sensitive
composite layer 140 and is directly in electrical contact with
the pressure-sensitive composite layer 140 through the con-
ductive units. When the elastic dielectric layer 130 is
attached to the second surface 144 of the pressure-sensitive
composite layer 140 and sandwiched between the pressure-
sensitive composite layer 140 and the support electrode
layer 150, the pressure electrode layer 120 is attached to the
first surface 142 of the pressure-sensitive composite layer
140 and is directly in electrical contact with the pressure-
sensitive composite layer 140 through the conductive units.
An elasticity of the pressure-sensitive composite layer 140 is
less than an elasticity of the elastic dielectric layer 130.

[0077] Insome embodiments, the resistive pressure sensor
100 may further include a protection layer 170 disposed on
the pressure receiving surface of the flexible pressure sub-
strate 110. The protection layer 170 may be optically trans-
parent and comprise a protective coating. The protective
coating may be made of a nanometer thick inorganic coating
with high hardness (e.g., silicon oxide, silicon nitride, alu-
minum oxide, magnesium oxide, zirconium oxide, diamond,
transition metal carbides), a nanocomposite comprising
inorganic nanoparticles and a polymer resin matrix, a mul-
tilayer coating comprising alternating layers of nanometer
thick inorganic deposit (e.g., silicon oxide, silicon nitride,
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aluminum oxide, zirconium oxide, diamond, transition metal
carbides) and polymer, or thin glass with high hardness. The
application of the protection layer 170 may be slot die
coating, gravure coating, Meyer rod coating, blade coating
followed by curing under heating or exposure to UV light,
atomic layer deposition, chemical vapor deposition, etc. It
should be noted that any material used for protection layer
170 should have an elasticity at least matching that of the
flexible pressure substrate 110 so that the protection layer
170 may bend with flexible pressure substrate 110 when a
pressure force is applied thereon.

[0078] Please refer to FIG. 5, which illustrates schematic
cross-sectional views of a resistive pressure sensor 100
operating under different levels of compressing force
according to some embodiments of the present disclosure.
As shown in panel (a) of FIG. 5, when no external force is
applied, the elastic dielectric layer 130 is disposed between
the pressure electrode layer 120 and the pressure-sensitive
composite layer 140, there is no conduction circuit between
the two electrode layers, and the detectable resistance is
infinite or extremely large. Under the action of a force 200
(for example, a user presses the pressure receiving surface of
the flexible pressure substrate 110 or the protection layer 170
of the flexible pressure substrate 110 through his/her finger
or a stylus), the flexible pressure substrate 110 and the
pressure electrode layer 120 is bent downward at the touch
area. When the level of the force 200 is low and above a
threshold, as shown in panel (b) of FIG. 5, the pressure
electrode layer 120 makes electrical contact with the pres-
sure-sensitive composite layer 140 through the large-diam-
eter holes of the elastic dielectric layer 130 around the touch
area. At least one conductive unit in the deformed large-
diameter holes is activated, and the two electrode layers are
connected with each other through at least one conductive
channel of the at least one conductive unit and forms a
closed circuit, resulting that a certain resistance may be
detected. When the applied force 200 increases, as shown in
panel (c) of FIG. 5, the pressure electrode layer 120 further
makes electrical contact with the pressure-sensitive com-
posite layer 140 through the medium-diameter holes of the
elastic dielectric layer 130, at least one conductive unit in the
medium-diameter holes is activated, more conductive chan-
nels between the two electrode layers are connected with
each other and form a closed circuit, and the detectable
resistance decreases. The greater the applied force 200 is, the
pressure electrode layer 120 can make electrical contact with
the pressure-sensitive composite layer 140 through the holes
of the elastic dielectric layer 130 with more diameters, as
shown in panel (d) of FIG. 5; thus, the more conductive
channels are activated between the two electrode layers,
which are connected with each other through those activated
conductive channels and form a closed circuit, the smaller
the detectable resistance becomes. As such, the amount and
level of the applied force 200 may be qualitatively and
accurately measured at the location where the force 200 is
applied. In addition, by adjusting the diameters and area
ratio of the straight holes on the surface of the elastic
dielectric layer 130, the detection range of pressure level and
sensitivity of the resistive pressure sensor 100 may be tuned
according to actual application requirements.

[0079] Please refer to FIG. 6, which illustrates a schematic
cross-sectional view of a resistive pressure sensor 200
according to some embodiments of the present disclosure.
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As shown in FIG. 6, the resistive pressure sensor 200 is
optically transparent and may include:

[0080] a flexible pressure substrate 210 and a support
substrate 260, the flexible pressure substrate 210 hav-
ing a pressure receiving surface and a support substrate
facing surface and being parallel to the support sub-
strate 260, the support substrate 260 having a pressure
substrate facing surface;

[0081] a first electrode 220 disposed on the support
substrate facing surface of the flexible pressure sub-
strate 210 and having a support substrate facing sur-
face;

[0082] a second electrode 250 disposed on the pressure
substrate facing surface of the support substrate 260
and having a pressure substrate facing surface;

[0083] a pressure-sensitive composite layer 240 having
a first surface 242 and a second surface 244 opposite
and parallel to the first surface 242 and positioned
between the first electrode 220 and second electrode
250, the second surface 244 of the pressure-sensitive
composite layer 240 facing the support substrate 260,
wherein the pressure-sensitive composite layer 240
comprises a conductive one-dimensional nanomaterial
246 oriented substantially perpendicular to the first
surface 242; and

[0084] a plurality of elastic dielectric spacers 230 con-
figured to define an insulating gap 232 between the first
electrode 220 and the pressure-sensitive composite
layer 240.

[0085] The structure and features of the flexible pressure
substrate 210 are similar to that of the flexible pressure
substrate 110 described above; the structure and features of
the support substrate 260 are similar to that of the support
substrate 160 described above; the structure and features of
the first electrode 220 are similar to that of the pressure
electrode layer 120 described above; the structure and
features of the second electrode 250 are similar to that of the
support electrode layer 150 described above; the structure
and features of the pressure-sensitive composite layer 240
are similar to that of the pressure-sensitive composite layer
140 described above. Therefore, for the detail description of
the flexible pressure substrate 210, the first electrode 220,
the pressure-sensitive composite layer 240, the second elec-
trode 250, and the support substrate 260, reference may be
made to the description of each corresponding part described
in detail above, which will not be fully repeated herein for
conciseness.

[0086] For example, the pressure-sensitive composite
layer 240 has a first surface 242 facing the first electrode 220
and a second surface 144 opposite and parallel to the first
surface 242 and may comprise a transparent polymer dielec-
tric matrix 248 and a conductive one-dimensional nanoma-
terial 246 oriented substantially perpendicular to the first
surface 242. The conductive one-dimensional nanomaterial
246 may comprise conductive nanowires selected from the
group consisting of a metal nanowire, a conductive polymer
nanowire, a ceramic conductive nanowire, a carbon nanow-
ire, a single walled carbon nanotube, a multi-walled carbon
nanotube, and a mixture thereof. The conductive nanowires
are uniformly distributed in the transparent polymer dielec-
tric matrix 248 to form a polymer-conductive nanowire
composite and are partially exposed on the first surface 242
and/or the second surface 244 to form non cross-talking and
dispersed conductive units, where each conductive unit may
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comprise at least one through conductive channel extending
from the first surface 242 to the second surface 244 through
one single conductive nanowire or multiple conductive
nanowires. The conductive units have enough space
between each other to ensure that the adjacent conductive
units in the same area are isolated by the transparent polymer
dielectric medium. Thus, the resistance is low within the
conductive units and extremely high between the conductive
units, in other words, the pressure-sensitive composite layer
240 has extremely high resistance across the first surface
242 and across the second surface 244, but low resistance
within the conductive units across the pressure-sensitive
composite layer 240, i.e., in a thickness direction of the
pressure-sensitive composite layer 240. In some embodi-
ments, the conductive units on the first/second surfaces are
present at a density from about 1 to 10° conductive units per
square microns, preferably from about 10 to 10° conductive
units per square microns, more preferably from about 10 to
10° conductive units per square microns, even more prefer-
ably from about 10° to 10° conductive units per square
microns.

[0087] In some embodiments, at least 60% of conductive
nanowires embedded in the transparent polymer dielectric
matrix 248 are oriented substantially perpendicular to the
first surface 242. In some embodiments, at least 70% of
conductive nanowires embedded in the transparent polymer
dielectric matrix 248 are oriented substantially perpendicu-
lar to the first surface 242. In one preferred embodiment, at
least 80% of conductive nanowires embedded in the trans-
parent polymer dielectric matrix 248 are oriented substan-
tially perpendicular to the first surface 242.

[0088] The transparent polymer dielectric matrix 248 may
comprise a polymer polymerized from a liquid precursor
selected from the group consisting of an acrylate, a meth-
acrylate, an acrylic acid, a methacrylic acid, an acrylamide,
a methacrylamide, a methylstyrene, a siloxane, silicone
ether, an isocyanate, an epoxy, and a mixture thereof. The
storage modulus of the transparent polymer dielectric matrix
248 may be in a range of 100 kPa-10 GPa, 1 MPa-10 GPa,
10 MPa-10 GPa, 100 MPa-10 GPa, 500 MPa-10 GPa, 1
GPa-10 GPa, 2 GPa-10 GPa, 3 GPa-10 GPa, 4 GPa-10 GPa,
or 5 GPa-10 GPa, or any range defined between any two of
the foregoing values, such as 1 MPa-500 MPa, at an ambient
temperature. In one embodiment, the transparent polymer
dielectric matrix 248 has a storage modulus in a range of 1
GPa-5 GPa at an ambient temperature.

[0089] The Thickness of the transparent polymer dielectric
matrix 248 may be in a range of 0.1 microns-10 microns, 0.5
microns-10 microns, 1 micron-10 microns, 2 microns-10
microns, 3 microns-10 microns, 4 microns-10 microns, 5
microns-10 microns, 6 microns-10 microns, 7 microns-10
microns, 8 microns-10 microns, or 9 microns-10 microns, or
any range defined between any two of the foregoing values,
such as 3 microns-5 microns,

[0090] The suitable metal nanowire for the conductive
one-dimensional nanomaterial 246 may include, but is not
limited to, a silver nanowire (Ag nanowire), a copper
nanowire, a gold nanowire, a nickel nanowire, a platinum
nanowire, a stainless steel nanowire, or a mixture thereof.
The suitable conductive polymer nanowire for the conduc-
tive one-dimensional nanomaterial 246 may include, but is
not limited to, a polypyrrole nanowire/nanotube, a polyani-
line nanowire/nanotube, a polythiophene nanowire/nano-
tube, a poly(3-methylthiothiophene) nanowire/nanotube, a
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poly(3,4-ethylthiothiophene) nanowire/nanotube, a mixture
thereof. The suitable ceramic conductive nanowire for the
conductive one-dimensional nanomaterial 246 may include,
but is not limited to, an indium tin oxide nanowire/nanotube.
The suitable carbon nanotube for the conductive one-dimen-
sional nanomaterial 246 may include a single walled carbon
nanotube, a multi-walled carbon nanotube, or a mixture
thereof. A diameter of the conductive nanowire suitable for
the conductive one-dimensional nanomaterial 246 is in a
range of 1 nm-100 nm. A length of the conductive nanowire
suitable for the conductive one-dimensional nanomaterial
246 is in a range of 100% to 200% of a thickness of the
pressure-sensitive composite layer 240. As such, the con-
ductive nanowires embedded in the transparent polymer
dielectric matrix 248 and substantially perpendicularly
aligned relative to the first/second surface of the pressure-
sensitive composite layer 240 may be partially exposed on
the first surface 242 and/or the second surface 244 of the
pressure-sensitive composite layer 240 to form non cross-
talking and dispersed conductive units. Each conductive unit
comprises at least one through electrically conductive chan-
nel extending from the first surface 242 to the second surface
244 through one single conductive nanowire or multiple
conductive nanowires.

[0091] The plurality of elastic dielectric spacers 230 are
separate, optically transparent and arranged between the first
electrode 220 and the pressure-sensitive composite layer 240
for connecting the flexible pressure substrate 210 and the
support substrate 260 together and providing structural
support for the insulating gap 232. The elastic dielectric
spacers 230 may comprise a dielectric elastomer such as an
acrylic elastomer, a polyurethane elastomer, a silicone elas-
tomer, etc. The elastic dielectric spacers 230 may be a pillar
shape with a diameter of 15 microns-100 microns and a
height of 1 micron-100 microns. The size, shape, and
stiffness of the elastic dielectric spacers 230 may vary
according to the elasticity of the flexible pressure substrate
210 and actual applications. The cross section of the elastic
dielectric spacers 230 on a x-y plane, i.e., a plane parallel to
the first surface 242 of the pressure sensitive composite layer
240, may include, but is not limited to, a circle, an ellipse,
a ring, a square, a rectangle, or a regular polygon. The
insulating gap 232 may include, but is not limited to, an
insulating gas such as nitrogen or air, or a non-volatile
insulating fluid such as ethylene glycol, silicone oil, or
mineral oil, etc.

[0092] As shown in FIG. 6, in some embodiments, the
second electrode 250 is attached to the second surface 244
of the pressure-sensitive composite layer 240 and is directly
in electrical contact with the pressure-sensitive composite
layer 240, the elastic dielectric spacers 230 is attached to the
first surface 242 of the pressure-sensitive composite layer
240 and contacts the first electrode 220. When no pressure
force is applied to the flexible pressure substrate 210 of the
resistive pressure sensor 200, there is an open circuit
between the first electrode 220 and the second electrode 250,
and an external resistance measuring circuitry cannot detect
the resistance due to the open circuit. When a pressure force
is applied to the flexible pressure substrate 210, the flexible
pressure substrate 210 bends downward, and the elastic
dielectric spacers 230 around the pressure area where the
pressure force is applied are deformed, so that the first
electrode 220 contacts the first surface 242 of the pressure-
sensitive composite layer 240, and at least one conductive
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unit in the pressure-sensitive composite layer 240 and the
first electrode 220 are in electrical contact through conduc-
tive nanowires partially exposed on the first surface 242. As
a result, at least one conductive channel is connected
between the first electrode 220 and the second electrode 250,
and the resistance measuring circuitry may detect the local
resistance of the pressure area where the pressure force is
applied. When the applied pressure force increases, the
contact area of the first electrode 220 and the pressure-
sensitive composite layer 240 on the first surface 242
increases, the first electrode 220 makes electrical contact
with more conductive units of the pressure-sensitive com-
posite layer 240, more conductive channels are connected
between the first electrode 220 and the second electrode 250,
and the resistance detected by the resistance measuring
circuitry decreases. When the applied pressure force is
removed, the flexible pressure substrate 210 returns to its
original position, i.e., the resting position, the electrical
contact between the first electrode 220 and the pressure-
sensitive composite layer 240 is disconnected, and the open
circuit state is restored between the first electrode 220 and
the second electrode 250.

[0093] Please refer to FIG. 7, which illustrates schematic
diagrams of exemplary dielectric spacer configurations in a
top view (upper panel) and corresponding detectable pres-
sure ranges thereof (lower panel) of a resistive pressure
sensor 200 according to some embodiments of the present
disclosure. As shown in FIG. 7, several exemplary dielectric
spacer configurations in one pressure sensing pixel formed
at the cross section of a conductive trace of the first electrode
220 and a conductive trace of the second electrode 250 are
illustrated. It should be noted that the resistive pressure
sensor 200 also comprises the pressure-sensitive composite
layer 240 (not visible due to its optical transparency in the
figure) arranged between the first electrode 220 and the
second electrode 250 and the elastic dielectric spacers are
disposed between the pressure-sensitive composite layer
240 and the first electrode 220. It should be further noted
that, within one pressure sensing pixel, when an elastic
dielectric spacer 230 is arrange on the corner of a pixel, the
elastic dielectric spacer is counted as %4 because it is shared
with the outside of the pixel; similarly, when an elastic
dielectric spacer 230 is arrange on the side edge of a pixel,
the elastic dielectric spacer is counted as Y. Thus, the far left
dielectric spacer configuration in the upper panel of FIG. 7
comprises one spacer in one pressure sensing pixel, the
second dielectric spacer configuration from left in the upper
panel of FIG. 7 comprises two spacers in one pressure
sensing pixel, the second dielectric spacer configuration
from right in the upper panel of FIG. 7 comprises three
spacers in one pressure sensing pixel, and the far right
dielectric spacer configuration in the upper panel of FIG. 7
comprises four spacers in one pressure sensing pixel. In such
ways, the plurality of elastic dielectric spacers 230 may form
an elastic dielectric spacer with a predetermined microstruc-
ture. Their corresponding detectable pressure ranges are
illustrated in the lower panel of FIG. 7. For example, in some
embodiments, the pressure sensing pixel of the resistive
pressure sensor 200 may comprise the far left dielectric
spacer configuration of the upper panel of FIG. 7, when
pressure is applied to the pressure sensing pixel, the flexible
pressure substrate 210 and the first electrode 220 bend, and
the elastic dielectric spacers 230 are deformed. When the
pressure reaches a first initial pressure, the first electrode 220
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electrically contact at least one conductive unit of the
pressure sensing pixel to make the pressure detectable.
When the pressure increases, more and more conductive
units of the pressure sensing pixel electrically contact with
the first electrode till all available conductive units of the
pressure sensing pixel electrically contact with the first
electrode to reach a first detectable pressure range. Alterna-
tively, the pressure sensing pixel of the resistive pressure
sensor 200 may comprise the second from left dielectric
spacer configuration of the upper panel of FIG. 7, due to its
dielectric spacer configuration, the resistive pressure sensor
200 may possess a second initial pressure and a second
detectable pressure range. Or the pressure sensing pixel of
the resistive pressure sensor 200 may comprise the second
from right dielectric spacer configuration of the upper panel
of FIG. 7, and the resistive pressure sensor 200 may possess
a third initial pressure and a third detectable pressure range.
Or the pressure sensing pixel of the resistive pressure sensor
200 may comprise the far right dielectric spacer configura-
tion of the upper panel of FIG. 7, and the resistive pressure
sensor 200 may possess a fourth initial pressure and a fourth
detectable pressure range. The first initial pressure is larger
the second initial pressure. The second initial pressure is
larger than the third initial pressure. The third initial pressure
is larger than the fourth initial pressure. Similarly, the first
detectable pressure range is larger the second detectable
pressure range. The second detectable pressure range is
larger than the third detectable pressure range. The third
detectable pressure range is larger than the fourth detectable
pressure range.

[0094] Please refer to FIG. 8, which illustrate a schematic
diagram of another exemplary dielectric spacer configura-
tion of a resistive pressure sensor 200 according to some
embodiments of the present disclosure. As shown in FIG. 8,
the pressure sensing pixel of the resistive pressure sensor
200 may comprise at least 8 elastic dielectric spacers 230.
The at least 8 elastic dielectric spacers 230 may have
different stiffnesses. For example, the periphery elastic
dielectric spacers of the at least 8 elastic dielectric spacers
230 may have a first stiffness, the elastic dielectric spacers
in the inner region of the pressure sensing pixel between the
periphery and center may have a second stiffness, and the
elastic dielectric spacer in the center of the pressure sensing
pixel may have a third stiffness, where the first stiffness is
larger than the second stiffness which is larger than the third
stiffness. Thus, the plurality of elastic dielectric spacers 230
may form an elastic dielectric spacer with another predeter-
mined microstructure. In this way, the sensitivity, and the
detectable pressure range of the resistive pressure sensor 200
may be finely tuned according to actual applications.
[0095] Insome embodiments, the resistive pressure sensor
200 may further comprise a protection layer 270. The
structure and feature of the protection 270 is similar to that
of the protection layer 170 disclosed above. Thus, for the
detail description of the protection layer 270, reference may
be made to the description of the protection layer 170
described in detail above, which will not be repeated herein
for conciseness.

[0096] The pressure-sensitive composite layer 240 can be
formed as a continuous film or into pre-patterned structures
such as isolated 2-dimensional dots arrays or isolated areas
and paths.

[0097] The support electrode layer 250 and pressure elec-
trode layer 220 are further patterned into a plurality of
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isolated paths, wherein the plurality of isolated paths 350 in
the support electrode layer 250 intersect the plurality of
isolated paths 320 in the pressure electrode layer 220 to form
a plurality of overlapping areas. Each of these overlapping
areas is defined as a pressure sensing pixel 410.

[0098] The overlapping area of pressure electrode layer
220, support electrode layer 250 and pressure-sensitive
composite layer 240 is defined as a pressure sensing patch
420. Each pressure sensing pixel 410 comprises one or more
pressure sensing patches 420. The shape of a pressure
sensing patch 420 can be any geometric pattern, such as
square, circle, elliptical, and the alike.

[0099]

[0100] In FIG. 9, the pressure-sensitive composite layer
240 was patterned into isolated 2-dimensional dots arrays. A
plurality of these isolated 2-dimensional dots is located
within a pressure sensing pixel 410, defined as the overlap-
ping area of the pressure electrode layer 220 and the support
electrode layer 250.

[0101] In FIG. 10, the support electrode layer 250 and
pressure electrode layer 220 are further patterned into a
plurality of isolated paths, wherein the plurality of isolated
paths 350 in the support electrode layer 250 intersect the
plurality of isolated paths 320 in the pressure electrode layer
220 to form a plurality of overlapping areas. Each of these
overlapping areas is defined as a pressure sensing pixel 410.
A continuous film of pressure-sensitive composite layer 240
is sandwiched between the support electrode layer 250 and
pressure electrode layer 220.

[0102] In FIG. 11, the support electrode layer 250 and
pressure electrode layer 220 are further patterned into a
plurality of isolated paths, wherein the plurality of isolated
paths 350 in the support electrode layer 250 intersect the
plurality of isolated paths 320 in the pressure electrode layer
220 to form a plurality of overlapping areas. Each of these
overlapping areas is defined as a pressure sensing pixel 410.
The pressure-sensitive composite layer 240 was patterned
into isolated 2-dimensional dots arrays. Each of these iso-
lated 2-dimensional dots is located within a pressure sensing
pixel 410, defined as the overlapping area of the pressure
electrode layer 220 and the support electrode layer 250.

[0103] In FIG. 12, the support electrode layer 250 and
pressure electrode layer 220 are further patterned into a
plurality of isolated paths, wherein the plurality of isolated
paths 350 in the support electrode layer 250 intersect the
plurality of isolated paths 320 in the pressure electrode layer
220 to form a plurality of overlapping areas. Each of these
overlapping areas is defined as a pressure sensing pixel 410.
The pressure-sensitive composite layer 240 is patterned as
isolated areas and is overlapping with a plurality of isolated
paths 320 of the pressure electrode layer 220.

[0104] During operation of the resistive pressure sensor,
multi-level pressure response is achieved by activating dif-
ferent numbers of pressure sensing patches 420. The force
required to activate a specific pressure sensing patch 420
varies based on the distance between the further edge of that
pressure sensing patch 420 to its nearest spacer 230. There-
fore, by designing the arrangement of pressure sensing
patches 420 and spacers 230, the customization of pressure
sensing levels and ranges is possible.

[0105] The multi-level pressure response can be achieved
through three different arrangements of pressure sensing
patches 420 and spacers 230.

Several examples are as follows:
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[0106] In FIG. 13, the spacer 230 is next to a pressure
sensing patch 420. The further the pressure sensing patch
420 to the spacer 230, the lighter the force is required to
activate such pressure sensing patch 420.

[0107] In FIG. 14, the spacer 230 is located at the center
of a pressure sensing patch 420. The larger the pressure
sensing patch 420, the lighter the force is required to activate
such pressure sensing patch 420.

[0108] In FIG. 15, the spacer 230 is surrounded by a
pressure sensing patch 420. The larger the pressure sensing
patch 420, the lighter the force is required to activate such
pressure sensing patch 420.

[0109] The conductive channel of traditional pressure-
sensitive composites in the art is composed of conductive
particle chains dispersed in a dielectric matrix. The concen-
tration of conductive particles must be higher than the
percolation threshold to form a continuous conductive chan-
nel, which may significantly reduce the optical transparency
of the composite due to the light scattering of conductive
particles. On the contrary, the first and second surfaces of the
pressure-sensitive composite layer provided by the present
disclosure are basically connected through conductive
nanowires in the length direction of the conductive nanow-
ires, so only a small number of conductive nanowires are
needed to achieve the effect of low resistance, which ensures
the high optical transmittance of the pressure-sensitive com-
posite layer.

[0110] Traditional pressure-sensitive composites change
the spatial arrangement of conductive particles in the dielec-
tric matrix by compression, so as to change the conduction
between conductive particles and thus the resistance. The
pressure-sensitive composite provided by the present dis-
closure activates different numbers of conductive units by
changing the contact area between the electrode and the
surface of the pressure-sensitive composite layer, so as to
change the measured resistance across the pressure-sensitive
composite layer. In the using process, the pressure sensitive
composite layer of the resistive pressure sensor of the
present disclosure does not need to be repeatedly deformed,
and the conductive nanowires do not need to be repeatedly
displaced in the polymer dielectric matrix, which ensures the
durability of the pressure-sensitive composite layer. In tra-
ditional pressure-sensitive composites, conductive particles
are crosslinked to form conductive particle chains. When
pressed, the spatial arrangement of conductive particle
chains changes, resulting in the change of the overall resis-
tivity of the composite. The conductive units in the pressure-
sensitive composite layer provided by the present disclosure
are dispersed and discrete, and the locally applied pressure
will not affect the detection resistance of other areas. There-
fore, the resistive pressure sensor of the present disclosure
may be utilized in an electronic system with conventional
multi-point touch detection hardware and software to detect
and process multi-point touch and applied pressure at dif-
ferent positions at the same time. In a preferred embodiment,
the resistive pressure sensor is optically transparent so that
it can be combined with a visual display device. However,
in other embodiments, the resistive pressure sensor of the
present disclosure may be incorporated into other systems or
devices that do not require transparency.

[0111] The present disclosure further provides a method of
making a pressure-sensitive composite film comprising a
transparent polymer dielectric matrix and a conductive one-
dimensional nanomaterial uniformly distributed in the trans-
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parent polymer dielectric matrix and oriented substantially
in a thickness direction of the pressure-sensitive composite
film, the method including:

[0112] providing a synthetic substrate coated with a
releasing layer thereon and providing a polymer pre-
cursor solution comprising a liquid precursor of the
transparent polymer dielectric matrix and optionally a
first volatile solvent;

[0113] coating the polymer precursor solution on the
releasing layer at room temperature to obtain a liquid
precursor film on the releasing layer by using the
polymer precursor solution;

[0114] heating the liquid precursor film to a first tem-
perature, wherein the first temperature is higher than a
boiling point of the first volatile solvent if present and
lower than a boiling point of the liquid precursor of the
transparent polymer dielectric matrix and a polymer-
ization temperature of the liquid precursor of the trans-
parent polymer dielectric matrix if the liquid precursor
of the transparent polymer dielectric matrix is ther-
mally polymerizable;

[0115] spraying vertically and uniformly a conductive
nanowire suspension including a conductive one-di-
mensional nanomaterial and a second volatile solvent
onto the liquid precursor film to obtain a liquid pre-
cursor film embedded with the conductive one-dimen-
sional nanomaterial, wherein a boiling point of the
second volatile solvent is lower than the first tempera-
ture; and

[0116] in-situ polymerizing and curing the liquid pre-
cursor film embedded with the conductive one-dimen-
sional nanomaterial by irradiating the liquid precursor
film embedded with conductive one-dimensional nano-
material with UV light and then removing the cured
liquid precursor film embedded with the conductive
one-dimensional nanomaterial from the releasing layer
to obtain the pressure-sensitive composite film.

[0117] The conductive one-dimensional nanomaterial ori-
ented substantially in a thickness direction of the pressure-
sensitive composite film means the longitudinal axis of the
conductive one-dimensional nanomaterial embedded in the
pressure-sensitive composite film is substantially parallel to
the thickness direction of the pressure-sensitive composite
film, and the included angle between the longitudinal axis of
the conductive one-dimensional nanomaterial embedded in
the pressure-sensitive composite film and the thickness
direction of the pressure-sensitive composite film is in a
range of 0-20 degrees. In some embodiments, at least 60%
of conductive nanowires embedded in the pressure-sensitive
composite film are oriented substantially in the thickness
direction of the pressure-sensitive composite film. In some
embodiments, at least 70% of conductive nanowires embed-
ded in the pressure-sensitive composite film are oriented
substantially in the thickness direction of the pressure-
sensitive composite film. In one preferred embodiment, at
least 80% of conductive nanowires embedded in the pres-
sure-sensitive composite layer are oriented substantially in
the thickness direction of the pressure-sensitive composite
film.

[0118] The first volatile solvent and the second volatile
solvent may be the same as or different from each other and
include one or more of water, a volatile alcohol, a volatile
ether, tetrahydrofuran, dioxane, a volatile ketone, or a vola-
tile ester.

Feb. 15, 2024

[0119] The conductive one-dimensional nanomaterial may
reference to the detailed description of the conductive one-
dimensional nanomaterial 146 and 246, which will not be
described in detail herein for conciseness. The mass ratio of
the conductive one-dimensional nanomaterial to the second
volatile solvent is 0.005-0.05 wt %.

[0120] The liquid precursor may include a monomer, an
oligomer, or a pre-polymer of an acrylate, a methacrylate, an
acrylic acid, a methacrylic acid, an acrylamide, a methacry-
lamide, a methylstyrene, a siloxane, a silicone ether, an
isocyanate, an epoxy compound, or a mixture thereof.

[0121] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by those skilled in the technical field of the
present disclosure. The terms used herein are only for the
purpose of describing specific embodiments and are not
intended to limit of the disclosure. As used in this disclosure
and the appended claims, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It should also be
understood that the terms “and” and “or” as used herein
refers to and encompasses any or all possible combinations
of one or more associated listed items.

[0122] The term “about” used herein shall generally mean
within 20 percent, preferably within 10 percent, and more
preferably within 5 percent of a given value or property.
Unless otherwise clear from the context, all numerical
values provided herein are modified by the term “about”

[0123] The term “optically transparent” used herein when
applied to an object means that the object is clear, and light
may pass tough the object to be perceived by human eyes.
Thus, light in the visible portion of the spectrum may pass
through the transparent resistive pressure sensor of the
present disclosure to be perceived by human eyes.

[0124] It should be noted that in the instant disclosure,
relational terms such as “first”, “second”, “third”, etc. are
used herein merely to distinguish one entity or operation
from another entity or operation without necessarily requir-
ing or implying any such actual relationship or order
between such entities or operations. The terms “comprise/
comprising”, “include/including”, “has/have/having” or any
other variants thereof are intended to cover non-exclusive
inclusion, so that a process, method, article, or device that
includes a series of elements includes not only those ele-
ments, but also other elements that are not explicitly listed,
or also includes elements inherent to such processes, meth-
ods, articles, or equipment. If there are no more restrictions,
the element defined by the phrase, such as “comprising a .
.. 7, “including a . . . ” does not exclude the presence of
additional identical elements in the process, method, article,

or equipment that includes the element.

[0125] Finally, it should be noted that the above embodi-
ments/examples are only used to illustrate the technical
features of the present disclosure, not to limit them; although
the present disclosure has been described in detail with
reference to the foregoing embodiments and examples, those
of ordinary skill in the art should understand that: the
technical features disclosed in the foregoing embodiments
and examples can still be modified, some or all of the
technical features can be equivalently replaced, but, these
modifications or replacements do not deviate from the spirit
and scope of the disclosure.
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1. A resistive pressure sensor comprising:

a flexible pressure substrate having a pressure receiving
surface and a support substrate facing surface and being
parallel to a support substrate;

a pressure electrode layer disposed on the support sub-
strate facing surface of the flexible pressure substrate;

an elastic dielectric spacer with a microstructure;

a pressure-sensitive composite layer having a first surface
facing the pressure electrode layer and a second surface
opposite and parallel to the first surface, wherein the
pressure-sensitive composite layer comprises a conduc-
tive one-dimensional nanomaterial oriented substan-
tially perpendicular to the first surface,

wherein the pressure-sensitive composite layer further
comprises a pre-patterned structure of isolated 2-di-
mensional dots arrays;

a support electrode layer disposed on a pressure substrate
facing surface of the support substrate and facing the
pressure electrode layer; and

the support substrate,

wherein the elastic dielectric spacer with the microstruc-
ture and the pressure-sensitive composite layer are
positioned between the pressure electrode layer and the
support electrode layer and are optically transparent,

wherein the elastic dielectric spacer with the microstruc-
ture is attached to the first surface of the pressure-
sensitive composite layer and contacts the pressure
electrode layer, and the support electrode layer is
attached to the second surface of the pressure-sensitive
composite layer and is directly in electrical contact with
the pressure-sensitive composite layer; or wherein the
elastic dielectric spacer with the microstructure is
attached to the second surface of the pressure-sensitive
composite layer and contacts the support electrode
layer, and the pressure electrode layer is attached to the
first surface of the pressure sensitive composite layer
and is directly in electrical contact with the pressure
sensitive composite layer, and

wherein the elastic dielectric spacer with the microstruc-
ture comprises a transparent elastic dielectric film and
a plurality of size-varied straight holes penetrating
through the transparent elastic dielectric film in a
thickness direction of the transparent elastic dielectric
film.

2. A resistive pressure sensor comprising:

a flexible pressure substrate having a pressure receiving
surface and a support substrate facing surface and being
parallel to a support substrate;

a pressure electrode layer disposed on the support sub-
strate facing surface of the flexible pressure substrate;

an elastic dielectric spacer with a microstructure;

a pressure-sensitive composite layer having a first surface
facing the pressure electrode layer and a second surface
opposite and parallel to the first surface, wherein the
pressure-sensitive composite layer comprises a conduc-
tive one-dimensional nanomaterial oriented substan-
tially perpendicular to the first surface;

a support electrode layer disposed on a pressure substrate
facing surface of the support substrate and facing the
pressure electrode layer,

wherein the support electrode layer and the pressure
electrode layer are further patterned into a plurality of
isolated paths,
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wherein the plurality of isolated paths in the support
electrode layer intersect the plurality of isolated paths
in the pressure electrode layer; and

the support substrate,

wherein the elastic dielectric spacer with the microstruc-
ture and the pressure-sensitive composite layer are
positioned between the pressure electrode layer and the
support electrode layer and are optically transparent,

wherein the elastic dielectric spacer with the microstruc-
ture is attached to the first surface of the pressure-
sensitive composite layer and contacts the pressure
electrode layer, and the support electrode layer is
attached to the second surface of the pressure-sensitive
composite layer and is directly in electrical contact with
the pressure-sensitive composite layer; or wherein the
elastic dielectric spacer with the microstructure is
attached to the second surface of the pressure-sensitive
composite layer and contacts the support electrode
layer, and the pressure electrode layer is attached to the
first surface of the pressure sensitive composite layer
and is directly in electrical contact with the pressure
sensitive composite layer, and

wherein the elastic dielectric spacer with the microstruc-
ture comprises a transparent elastic dielectric film and
a plurality of size-varied straight holes penetrating
through the transparent elastic dielectric film in a
thickness direction of the transparent elastic dielectric
film.

3. A resistive pressure sensor comprising:

a flexible pressure substrate having a pressure receiving
surface and a support substrate facing surface and being
parallel to a support substrate;

a pressure electrode layer disposed on the support sub-
strate facing surface of the flexible pressure substrate;

an elastic dielectric spacer with a microstructure;

a pressure-sensitive composite layer having a first surface
facing the pressure electrode layer and a second surface
opposite and parallel to the first surface, wherein the
pressure-sensitive composite layer comprises a conduc-
tive one-dimensional nanomaterial oriented substan-
tially perpendicular to the first surface,

wherein the pressure-sensitive composite layer further
comprises a pre-patterned structure of isolated paths;

a support electrode layer disposed on a pressure substrate
facing surface of the support substrate and facing the
pressure electrode layer,

wherein the support electrode layer and pressure electrode
layer are further patterned into a plurality of isolated
paths,

wherein the plurality of isolated paths in the support
electrode layer intersect the plurality of isolated paths
in the pressure electrode layer, and

wherein the isolated paths structure of the pressure-
sensitive composite layer completely overlap with the
isolated paths structure of the pressure electrode layer;
and

the support substrate,

wherein the elastic dielectric spacer with the microstruc-
ture and the pressure-sensitive composite layer are
positioned between the pressure electrode layer and the
support electrode layer and are optically transparent,

wherein the elastic dielectric spacer with the microstruc-
ture is attached to the first surface of the pressure-
sensitive composite layer and contacts the pressure
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electrode layer, and the support electrode layer is
attached to the second surface of the pressure-sensitive
composite layer and is directly in electrical contact with
the pressure-sensitive composite layer; or wherein the
elastic dielectric spacer with the microstructure is
attached to the second surface of the pressure-sensitive
composite layer and contacts the support electrode
layer, and the pressure electrode layer is attached to the
first surface of the pressure sensitive composite layer
and is directly in electrical contact with the pressure
sensitive composite layer, and

wherein the elastic dielectric spacer with the microstruc-
ture comprises a transparent elastic dielectric film and
a plurality of size-varied straight holes penetrating
through the transparent elastic dielectric film in a
thickness direction of the transparent elastic dielectric
film.

4. A resistive pressure sensor comprising:

a flexible pressure substrate having a pressure receiving
surface and a support substrate facing surface and being
parallel to a support substrate;

a pressure electrode layer disposed on the support sub-
strate facing surface of the flexible pressure substrate;

an elastic dielectric spacer with a microstructure;

a pressure-sensitive composite layer having a first surface
facing the pressure electrode layer and a second surface
opposite and parallel to the first surface, wherein the
pressure-sensitive composite layer comprises a conduc-
tive one-dimensional nanomaterial oriented substan-
tially perpendicular to the first surface,

wherein the pressure-sensitive composite layer further
comprises a pre-patterned structure of isolated 2-di-
mensional dots arrays;

a support electrode layer disposed on a pressure substrate
facing surface of the support substrate and facing the
pressure electrode layer,

wherein the support electrode layer and pressure electrode
layer are further patterned into a plurality of isolated
paths,

wherein the plurality of isolated paths in the support
electrode layer intersect the plurality of isolated paths
in the pressure electrode layer, and

wherein at least one dot of the isolated 2-dimensional dots
array structure of the pressure-sensitive composite
layer is located at each of the intersecting areas
between the isolated paths structure of the support
electrode layer and the pressure electrode layer; and

the support substrate,

wherein the elastic dielectric spacer with the microstruc-
ture and the pressure-sensitive composite layer are
positioned between the pressure electrode layer and the
support electrode layer and are optically transparent,

wherein the elastic dielectric spacer with the microstruc-
ture is attached to the first surface of the pressure-
sensitive composite layer and contacts the pressure
electrode layer, and the support electrode layer is
attached to the second surface of the pressure-sensitive
composite layer and is directly in electrical contact with
the pressure-sensitive composite layer; or wherein the
elastic dielectric spacer with the microstructure is
attached to the second surface of the pressure-sensitive
composite layer and contacts the support electrode
layer, and the pressure electrode layer is attached to the
first surface of the pressure sensitive composite layer
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and is directly in electrical contact with the pressure
sensitive composite layer, and

wherein the elastic dielectric spacer with the microstruc-

ture comprises a transparent elastic dielectric film and
a plurality of size-varied straight holes penetrating
through the transparent elastic dielectric film in a
thickness direction of the transparent elastic dielectric
film.

5. The pressure sensor of claim 4, wherein the 2-dimen-
sional dots array and plurality of pre-patterned isolated paths
are fabricated by laser ablation, ion beam etching, photoli-
thography, or E-beam lithography.

6. The pressure sensor of claim 4, wherein the pressure
sensitive composite layer is prepared by spray coating and
followed by curing of polymer precursors.

7. The pressure sensor of claim 4, wherein the 2-dimen-
sional dots array have a diameter between 1 mm and 10 mm
for each dot.

8. The pressure sensor of claim 4, wherein each of the
isolated paths has a diameter between 1 mm and 10 mm.

9. The pressure sensor of claim 4, wherein each material
layer is flexible.

10. The pressure sensor of claim 4, wherein each material
layer is transparent.

11. The pressure sensor of claim 4, wherein angle between
the longitudinal axis of the conductive one-dimensional
nanomaterial embedded in the pressure-sensitive composite
film and the thickness direction of the pressure-sensitive
composite film is in a range of 0-20 degrees.

12. The pressure sensor of claim 4, wherein the support
electrode, the pressure sensitive composite layer, and the
pressure electrode are transparent.

13. The pressure sensor of claim 4, wherein no conductive
path is present between the support electrode and the pres-
sure electrode when pressure is not applied.

14. The pressure sensor of claim 4, wherein the conduc-
tive paths increase between the support electrode and the
pressure electrode when force is applied.

15. The pressure sensor of claim 4, wherein the conduc-
tive paths are formed via the pressure sensitive composite
layer through the medium-diameter holes of the elastic
dielectric layer.

16. The pressure sensor of claim 4, wherein the amount
and level of the applied force may be qualitatively and
accurately measured at the location of force applied.

17. The pressure sensor of claim 4, wherein the diameters
and area ratio of the straight holes on the surface of the
elastic dielectric layer can be adjusted to fine tune the
detection range of pressure level and sensitivity of the
resistive pressure sensor.

18. The pressure sensor of claim 4, wherein at 60% of the
conductive nanowires in the transparent polymer dielectric
matrix are oriented substantially perpendicular to the first
surface.

19. The pressure sensor of claim 4, wherein the conduc-
tivity along the thickness direction is substantially higher
than the conductivity in plane in the pressure sensitive
composite layer.

20. The pressure sensor of claim 4, wherein the conduc-
tive paths are formed via a few or single conductive nanow-
ires inside the composite layer or in some instances, through
electrical shorting between the pressure electrode and the
support electrode caused by applied pressure.
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