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HIGHLY SENSITIVE PRESSURE SENSOR
AND INPUT DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2015-0132469 filed on Sep. 18, 2015, 10-2015-
0179011 filed on Dec. 15, 2015, and 10-2016-0106845 filed
on Aug. 23, 2016, the entire contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a pres-
sure sensor and input device, and more particularly, to a
highly sensitive pressure sensor that may implement highly
sensitive sensing with a simple configuration, and an input
device using the same.

Demand for the development of various sensor technolo-
gies continues to increase due to the advent of the internet
of things (IoT) era that connects things by using a digital
technology. In particular, a touch/pressure sensor is a sensor
that is widely used for most of daily things, such as
flexible/wearable devices, robots, and health care as well as
spaces closely connected with life, such as homes, factories,
offices, and cars, but it has a limitation in that the costs of
material and process are significantly high. The reason is
that materials mostly used as electrodes so far, for example
the prices of gold, silver, metal based nano wire, indium tin
oxide (ITO), and carbon nano tube (CNT) are relatively
high. Also, a study to form a micro-structure through the
remodeling of the structure of a dielectric layer in order to
increase the sensitivity of a pressure sensor in an existing
parallel-plate capacitor structure is being actively con-
ducted, but it is true that the cost of a process is significantly
high because complicated processes, such as photo-lithog-
raphy and etching are needed.

For this reason, most highly sensitive pressure sensors are
staying in a study stage and fail to lead to commercializa-
tion. Thus, there is a need for the development of a new-
concept high-performance pressure sensor that may over-
come the limitation of an existing pressure sensor using a
high-priced material and manufactured through a silicon
process to minimize material and process costs.

PATENT LITERATURE

(Patent Literature 1) Korean Patent Publication No.
10-2012-0098749

SUMMARY OF THE INVENTION

According to various embodiments of the present inven-
tion, it is possible to provide an input device that uses a
highly sensitive pressure sensor configured to be capable of
being easily manufactured based on low-priced materials
commonly used.

According to various embodiments of the present inven-
tion, it is possible to provide an input device that uses a
highly sensitive pressure sensor for inputting various keys
based on pressure by using the highly sensitive pressure
sensor.

According to an embodiment of the present invention,
there is provided a highly sensitive pressure sensor including
a lower substrate on which a first electrode having surface
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roughness is formed; an upper substrate on which a second
electrode having surface roughness is formed; and a dielec-
tric material stacked between the lower substrate and the
upper substrate to be disposed between the first electrode
and the second electrode.

The dielectric material may cover an uneven surface of
the first electrode or the second electrode by the surface
roughness of the first electrode or the second electrode.

The dielectric material may include elastomer, wherein
weight percentage in the dielectric material of the elastomer
may be determined according to the surface roughness and
a thickness of the formed dielectric material.

The lower substrate or the upper substrate may be a
flexible or stretchable material.

The surface roughness of the first electrode or the second
electrode may be represented by surface roughness of the
lower substrate or the upper substrate.

The surface roughness of the first electrode or the second
electrode may be generated when an electrode is formed or
generated by processing after the electrode is formed.

The dielectric material may include a lower dielectric
layer that the first electrode has; and an upper dielectric layer
that the second electrode has.

The lower dielectric layer may be in close contact with the
first electrode to allow the surface roughness of the first
electrode to be represented on the lower dielectric layer, and
the upper dielectric layer may be in close contact with the
second electrode to allow the surface roughness of the
second electrode to be represented on the upper dielectric
layer.

An air layer may be formed in a portion of a region
between the lower dielectric layer and the upper dielectric
layer.

An interlocked structure may be formed by engaging of at
least a portion of surfaces of the lower dielectric layer and
the upper dielectric layer, in a case where pressure is applied
to at least one of the lower substrate and the upper substrate.

The air layer formed between the lower dielectric layer
and the upper dielectric layer may be removed or divided
into smaller air layers based on the interlocked structure, in
a case where pressure is applied to at least one of the lower
substrate and the upper substrate.

According to another embodiment of the present inven-
tion, there is provided an input device using a highly
sensitive pressure sensor, the input device including at least
one highly sensitive pressure sensor of any one of claims 1
to 11; and a control unit that handles a designated key input
according to a signal output from the pressure sensor with
respect to applied pressure when pressure is applied to the
highly sensitive pressure sensor.

The input device may further include a pressure applica-
tion unit that applies pressure to one or more of the lower
substrate or the upper substrate.

The control unit may be configured to: handle as a first
signal in a case where the applied pressure is lower than a
first reference pressure that is preset, and handle as a second
signal in a case where the applied pressure is equal to or
higher than the first reference pressure.

The control unit may ignore a corresponding input in a
case the applied pressure is lower than a second reference
pressure that is preset.

The control unit may perceive as different inputs accord-
ing to strength, time or frequency of the applied pressure.

The control unit may include a main control unit that
outputs an excitation signal input to the pressure sensor and
inputs the signal output from the pressure sensor; a de-
multiplexer that divides the excitation signal into at least one
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pressure sensor; and a multiplexer that converts parallel
signals output from the at least one pressure sensor into a
serial signal.

The control unit may divide the signal received through
the main control unit into a plurality of levels having a range
with respect to the at least one highly sensitive pressure
sensor, and different keys may be designated for the plurality
of levels, respectively.

The control unit may determine a designated key for a
level of the signal based on the signal received through the
main control unit and the highly sensitive pressure sensor
outputting the signal, and transmit to the multiplexer to input
the determined key.

The signal may be a capacitance value corresponding to
applied pressure with respect to the at least one highly
sensitive pressure sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the pres-
ent invention and, together with the description, serve to
explain principles of the present invention. In the drawings:

FIG. 1is a block diagram of an input device using a highly
sensitive pressure sensor according to an embodiment of the
present invention;

FIG. 2 is a perspective view of a pressure sensor in an
input device using a highly sensitive pressure sensor accord-
ing to an embodiment of the present invention;

FIG. 3 is a diagram showing the process of manufacturing
a pressure sensor which is applied to an input device using
a highly sensitive pressure sensor according to an embodi-
ment of the present invention;

FIG. 4 is a diagram showing the contact angles of
pre-dilution elastomer and post-dilution elastomer;

FIG. 5A is a diagram showing the contact angles of the
water dropped to various substrates and diluted elastomer,
and FIG. 5B is a diagram showing contact angles according
to the curing time of the elastomer dropped to a graphite
electrode;

FIG. 6 is a cross-sectional view of a highly sensitive
pressure sensor having roughness expressed on the surfaces
of an electrode and a dielectric in an input device using a
highly sensitive pressure sensor according to an embodiment
of the present invention;

FIGS. 7 and 8 are diagrams that respectively show the
confocal microscope image and roughness analysis data of
the electrode surface and elastomer-coated surface rough-
ness of a pressure sensor which is applied to an input device
using a highly sensitive pressure sensor according to an
embodiment of the present invention;

FIG. 9 is a diagram showing the process of forming curl
on a substrate in an input device using a highly sensitive
pressure sensor according to an embodiment of the present
invention;

FIG. 10 is a diagram showing a variation in dielectric
surface before and after pressure is applied, in an input
device using a highly sensitive pressure sensor according to
an embodiment of the present invention;

FIG. 11A and FIG. 11B are a diagram showing a graph of
variation in capacitance according to applied pressure and an
input device using a highly sensitive pressure sensor accord-
ing to an embodiment of the present invention;

FIG. 12A is a diagram showing a 3x3 pressure sensor
array including an input device using a highly sensitive
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pressure sensor according to an embodiment of the present
invention, and FIG. 12B is a diagram showing sensitivity in
the case where balance weights having different weights are
put on two points of the 3x3 pressure sensor array;

FIG. 13 is a diagram showing a variation in capacitance
relative to pressure applied to a pressure sensor in an input
device using a highly sensitive pressure sensor according to
an embodiment of the present invention;

FIG. 14 is graphs of a response time and relaxation time
according to pressure applied to a pressure sensor in an input
device using a highly sensitive pressure sensor according to
an embodiment of the present invention;

FIG. 15 is a nano indentation analysis graph of a flexible
substrate making up an input device using a highly sensitive
pressure sensor according to an embodiment of the present
invention;

FIG. 16 is a diagram modeling the reversible elastic
property of a pressure sensor in an input device using a
highly sensitive pressure sensor according to an embodiment
of the present invention;

FIG. 17 is a graph of hysteresis and stability of a pressure
sensor in an input device using a highly sensitive pressure
sensor according to an embodiment of the present invention;

FIG. 18 shows an example where upper cases and lower
cases are identified according to applied pressure, and an
input device using a highly sensitive pressure sensor accord-
ing to an embodiment of the present invention; and

FIG. 19 is a flowchart of a method of manufacturing a
highly sensitive pressure sensor according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, embodiments of the present invention
are described with reference to the accompanying drawings.

Since embodiments of the present invention may make
various changes and have many embodiments, particular
embodiments will be illustrated in the drawings and
described in detail in the detailed description. However,
inventors do not intend to limit the present invention to
particular embodiments and it should be understood that the
present invention covers all changes, equivalents, and/or
replacements that fall within the spirit and technical scope of
the present invention. In describing the drawings, similar
components may be denoted through the use of similar
reference numerals.

The expression “include” or “may include” that may be
used in various embodiments of the present invention indi-
cates the presence of a disclosed corresponding function,
operation or component but does not exclude one or more
functions, operations or components in addition.

In various embodiments of the present invention, it should
also be understood that the terms “includes” and ‘“has”
indicate the presence of characteristics, numbers, steps,
operations, components, parts or combinations thereof rep-
resented in the present disclosure and do not exclude the
presence or addition of one or more other characteristics,
numbers, steps, operations, components, parts or combina-
tions thereof.

The expression “or” in the various embodiments of the
present invention includes any and all combinations of
enumerated words. For example, the expression “A or B”
may include A, B, or both A and B.

The expression “first”, “second”, “firstly”, or “secondly”
in the various embodiments of the present invention may
modify various components of the present invention but
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does not limit the order and/or importance of corresponding
components. Also, the expressions above may be used to
distinguish one element from another.

When in the various embodiments of the present inven-
tion, any component is referred to as being “connected” or
“accessed” to another component, it should be understood
that the former can be directly connected or accessed to the
latter, or that there may be another component in between.
On the contrary, when any component is referred to as being
“directly connected” or “directly accessed” to another com-
ponent, it should be understood that there may be no other
component in between.

In the various embodiments of the present invention,
descriptions according to expressions, such as ‘substan-
tially” or ‘for example’ may indicate that presented infor-
mation, such as a cited property, variable or value may not
accurately match. However, such a mismatch should not
limit an embodiment of the present invention according to
the various embodiments of the present invention to an
effect, such as a variation including a tolerance, error of
measurement, the limit of measurement accuracy, and a
typically known other factor.

The terms used in the various embodiments of the present
invention are used to describe specific embodiments and are
not intended to limit the present invention. The terms in
singular form may include the plural form unless otherwise
specified.

Also, it should be construed that all terms used herein
including technical or scientific terms have the same mean-
ings as those generally understood by a person skilled in the
art, and should not be construed as having an ideal or
excessively formal meaning unless or not be narrowly
construed otherwise defined in the various embodiments of
the present invention.

In the following, various embodiments according to the
present invention are described in detail with reference to
the accompanying drawings, the same or similar compo-
nents have the same reference numerals irrespective of the
drawings and related redundant descriptions may be omit-
ted.

An input device using a highly sensitive pressure sensor
according to an embodiment of the present invention
includes a plurality of pressure sensors 100 and a control
unit 200 that applies excitation signals to the pressure
sensors and controls the outputs of the pressure sensors.

In the following, the highly sensitive pressure sensor 100
according to various embodiments of the present invention
and an input device 10 using the highly sensitive pressure
sensor 100 are described with reference to FIGS. 1 to 19.

Referring to FIG. 1, the input device using the highly
sensitive pressure sensor according to an embodiment of the
present invention (hereinafter, referred to as the input device
10) includes a plurality of highly sensitive pressure sensors
100 (hereinafter, referred to as pressure sensors 100) and the
control unit 200 that applies excitation signals to the highly
sensitive pressure sensors 100 and controls the outputs of the
pressure sensors.

The highly sensitive pressure sensor 100 according to an
embodiment of the present invention partly employs the
structure of a parallel-plate capacitor, and fundamentally
detects pressure applied to the highly sensitive pressure
sensor 100 outside based on a variation in the capacitance of
the parallel-plate capacitor.

The structure of the pressure sensor 100 includes two
substrates, e.g., a lower substrate 110 and an upper substrate
120, as shown in FIG. 2, and electrodes 111 and 121 and
dielectrics (or dielectric layers 130) are respectively formed
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on one surface of the lower substrate 110 and the upper
substrate 120. At this point, it is possible to express the
dielectric on the lower substrate 110 as a lower dielectric (or
lower dielectric layer) and the dielectric on the upper sub-
strate 120 as an upper dielectric (or upper dielectric layer).

According to an embodiment, referring to FIG. 3 in order
to describe the manufacturing method of the pressure sensor
100, the lower substrate 100 forms a first electrode 111 on
a flexible substrate 110-1 and forms the dielectric 130 on a
flexible substrate 110-2 on which the first electrode 111 is
formed, so it is possible to provide a lower substrate 110-3
having roughness expressed on the dielectric.

Here, the flexible substrate may be formed as a substrate
that has a flexible and/or stretchable property bent based on
force applied from the outside of the substrate, force gen-
erated from the inside of the substrate, and/or force gener-
ated from the surface of the substrate.

Likewise, the upper substrate 120 is also generated in the
same or similar method as the manufacturing method of the
lower substrate 110-3, and the lower substrate 110 and the
upper substrate 120 may form the dielectrics on respective
substrates to allow the dielectrics to face each other to make
up the pressure sensor 100. In the following, in the case
where the lower substrate 110 and the upper substrate 120
are referred to, they may represent substrates on which the
electrodes 111 and 121 and the dielectrics 130 are formed,
unless especially otherwise described.

Turning back to FIG. 2, the first electrode 111 and the
second electrode 121 formed on the lower substrate 110 and
the upper substrate 120, respectively may be externally
connected to the outside of the substrates 110 and 120
through connection wires 151 and 152. Also, the electrodes
111 and 121 may be connected to the connection wires 151
and 152, respectively by using connection ends 141 and 142.
Here, the connection ends 141 and 142 may be formed by
including silver paste.

As described above, the highly sensitive pressure sensor
according to an embodiment of the present invention may
perform the role of a parallel-plate capacitor that includes
the first electrode 111, the second electrode 121, and the
dielectric formed between the first electrode 111 and the
second electrode 121. Also, pressure applied from the out-
side is detected based on a variation in the capacitance of
such a parallel-plate capacitor. Here, the applied pressure
may also be expressed as force and/or weight.

The capacitance of such a capacitor is defined by Equa-
tion 1 below:

C=¢qe,4/d (D
(where C denotes capacitance, g, denotes the dielectric
constant (or permittivity) of vacuum, &, denotes effective
dielectric constant, A denotes the area between electrodes,
and d denotes the distance between electrodes).

Referring to Equation 1 above, in the case of the parallel-
plate capacitor, when pressure 300 is applied through a
pressure application unit as shown in FIG. 10, a variation in
capacitance occurs when the material between capacitors or
the distance between substrates varies. For example, the
parallel-plate capacitor fundamentally increases in capaci-
tance because its thickness thins when pressure is applied
through the pressure application unit.

The pressure application unit may mean e.g., at least a
part of one surface of the lower substrate 110 on which the
electrode 111 is not formed (e.g., the lower surface of the
lower substrate 110) or one surface of the upper substrate
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120 on which the electrode 121 is not formed (e.g., the lower
surface of the upper substrate 120), or may be formed on the
at least a part.

However, in the case of a general pressure sensor, a
variation in capacitance is not substantially significant
because the distance between electrodes is significantly
small in comparison to applied pressure due to the high
elastic resistance of a dielectric. Thus, it is possible to apply
roughness and a curl to the pressure sensor 100 in order to
control the effective dielectric constant and/or the area A
between electrodes as well as the distance d between elec-
trodes.

At this point, in the case of the roughness, it is possible to
use unintended roughness that is formed by rubbing (or
drawing) on the substrates 110 and 120. Here, the roughness
is to represent the roughness (Rc, mean height of the profile
elements) of the surfaces of the electrodes 111 and 121
formed on the substrates 110 and 120, but the embodiment
is not limited thereto and may represent the roughness of the
surfaces of the dielectrics 130 formed on substrates (e.g., the
lower substrate 110 and the upper substrate 120) and/or the
electrodes 111 and 121.

The surfaces of the electrodes 111 and 121 formed on the
substrates 110 and 120 may be formed to have roughness of
a designated size or larger, e.g., roughness of 6 um or larger,
desirably roughness of 7 um or larger.

The electrodes 111 and 121 on the substrates 110 and 120
may be formed of a material having conductivity, such as
graphite and may be formed on the substrates 110 and 120
by drawing or writing.

For example, it is possible to form a material (e.g.,
graphite) for forming the electrode in a bar shape (e.g., a
pencil or charcoal) and rub the substrates 110 and 120 with
the material to form the electrodes 111 and 121. At this point,
by adjusting strength rubbing the substrates 110 and 120
with the bar for forming the electrode, it is possible to
determine the roughness and/or thickness of the electrodes
111 and 121 on the substrates 110 and 120.

Also, although the drawing or writing method is described
as a method of forming the electrodes on the substrates 110
and 120, the embodiment is not limited thereto and the
electrodes may be formed by various methods, such as
printing, spin coating or spraying (or applying).

Although according to the descriptions above, it is
described that the electrodes 111 and 121 are formed of
graphite, the embodiment is not limited thereto and various
materials having conductivity, including metal, such as
silver nanoparticle, carbon black, carbon allotrope, such as
carbon nano tube (CNT), and organic materials, such as
PEDOT-PSS may also be used.

In order to form the electrodes 111 and 121, a material
having roughness, e.g., paper or plastic may also be used as
the substrates 110 and 120. In the case where the paper is
used as the substrate, paper having a coated surface may be
used not to be wet in a dielectric spraying process. In
addition, it is also possible to process a substrate surface to
artificially form roughness.

The dielectrics 130 are formed on the substrates 110 and
120 and on the electrodes 111 and 121 on the substrates 110
and 120. At this point, the formed dielectric 130 reflects the
surface roughness of the electrodes 111 and 121 based on
thickness, so a micro-structure (or uneven structure) by the
surface roughness of the electrodes 111 and 121 is formed on
a dielectric 130 surface.

At this point, the dielectrics formed on the electrodes 111
and 121 are elastomer and general elastomer may be formed
to be about several micrometers in thickness due to high
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viscosity even when spin coating RPM increases. Also, since
the elastomer formed on the electrodes 111 and 121 has a
characteristic that it becomes flat because self-leveling
occurs upon curing, the elastomer has a limitation in utiliz-
ing the roughness of the electrode formed on the flexible
substrate.

Thus, there is a need to provide a method for forming
dielectrics having a designated thickness or smaller on the
electrodes 110 and 120 by using the elastomer and imple-
menting the roughness of the electrodes 111 and 121 on a
dielectric surface.

According to an embodiment, the dielectrics 130 formed
on the electrodes 111 and 121 may be formed by the mixing
of one or more of dielectric materials. For example, the
dielectric 130 according to an embodiment of the present
invention may be used by the mixing of the elastomer with
various solvents and needs to use the viscoelastic property of
diluted elastomer to optimize a thickness.

For example, it is possible to use, as the material of the
dielectric 130, a solvent that is formed by using the ther-
modynamic simultaneous mixing of the elastomer and
hydrocarbon and has significantly low viscosity.

At this point, the thermodynamic simultaneous mixing
depends on the solubility parameter between materials and
it is possible to use Equation 2 below for Gibbs free energy
upon mixing and Equation 3 for the relation between a
variation in enthalpy and the solubility parameter:

AG,,=AH,,~TAS,, )

(where A G,, denotes Gibbs free energy, A H,, denotes a
variation in enthalpy upon mixing, T denotes absolute
temperature, and A S,, denotes a variation in entropy upon
mixing), and

AH,oc(8,-0,)° 3

(where 3, denotes the solubility parameter of the elastomer,
and d, denotes the solubility parameter of the hydrocarbon).

Since materials are likely to be easily mixed because the
Gibbs free energy A G,, decreases as the solubility parameter
value between the materials is similar each other and in
general, a thermodynamic simultaneous reaction quickly
progresses as the value is smaller than zero.

According to an embodiment of the present invention,
polydimethylsiloxane (PDMS), ecoflex, etc. may be used as
the elastomer for forming the dielectric, and hexane, hep-
tane, etc. may be used as the hydrocarbon. At this point, the
solubility parameters of the elastomer and the hydrocarbon
are 7.4 and 7.3 call/2 cm-34, respectively and because they
make the Gibbs free energy a value smaller than zero,
simultaneous mixing occurs.

As described above, a solvent made through the simulta-
neous mixing significantly decreases in viscosity and as
shown in FIG. 4, it is possible to easily discern the viscosity
by the comparing of the contact angles of pre-/post-dilution
(mixing) elastomer on the surfaces of the electrodes 111 and
121.

In the case of diluted with the hydrocarbon (post-dilution)
elastomer, viscosity significantly decreases in comparison to
the pre-dilution elastomer and a contact angle significantly
decreases due to the low surface tension of the hydrocarbon
itself.

That is, as the weight percentage of the diluted elastomer
decreases, a contact angle at a surface according to the
weight percentage of the formed dielectric 130 decreases, so
as the weight percentage decreases as in an embodiment in
the table below, it is possible to form elastomer having a thin
thickness:
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TABLE 1

Thickness of dielectric layer to be formed
according to weight percentage of elastomer

Weight percentage Thickness of layer to be

No. (wt. %) formed (um)
1 50 10.5
2 40 6.4
3 30 33
4 20 1.7
5 10 0.8
6 5 0.3

Also, in the case of original general liquid, a contact angle
may vary according to the hydrophilic/hydrophobic property
of a substrate as in the upper table in FIG. 5A. However, in
the case of elastomer diluted with the hydrocarbon, it is
possible to see that the contact angle significantly decreases
without significantly caring about a type of substrate as in
the lower table in FIG. 5A.

As shown in FIG. 5B, while curing progresses, the contact
angle further decreases, which means that it is possible to
form the dielectric layer 130 having a significantly thin
thickness. In the case of the elastomer diluted with the
hydrocarbon, a contact angle at a corresponding substrate
significantly is small and as the time goes by, the contact
angle ultimately approaches zero (full wetting). Thus, the
formed dielectric 130 may effectively implement the surface
roughness of the electrodes 111 and 121 as shown in FIGS.
6 and 8.

That is, the surfaces of the dielectrics 130 formed on the
lower substrate 110 and the upper substrate 120 may be
formed so that the roughness of the surfaces of the electrodes
111 and 121 formed on the substrates 110 and 120, respec-
tively is partly reflected.

For example, the roughness of a dielectric surface may
adjust a thickness by the adjusting of the dilution level of the
elastomer and a spin coating condition. In this study, when
the mass percentage of elastomer on an electrode (e.g.,
graphite) having roughness of 6 um or 7 um or more is 30
wt. % to 50 wt. %, desirably 35 wt. % to 45 wt. %, more
desirably 40 wt. %, it is possible to form a micro-structure
in which the roughness Rc of a dielectric 130 surface is
about 0 um to about 7 um, desirably about 0 pm to about 4
pm.

It is possible to determine the weight percentage of the
elastomer according to the surface roughness of the elec-
trodes 111 and 121, so the weight percentage of the elasto-
mer may be appropriately selected according to the material
of the electrode and it is obvious that this case should also
be included in the protective scope of the present invention.

According to the descriptions above, in forming the
roughness of the dielectric 130 surface, it is possible to
determine mass percentage for the dilution of elastomer and
a spin coating condition to form 4 um to 6 pm micro-
structures.

According to various embodiments, the thickness of the
dielectric layer 130 may be formed to satisfy at least one of
conditions,

i) elastomer having a thinnest thickness in order to
effectively express the roughness of the surfaces of the
electrodes 111 and 121,

i1) a thickness within a range not exceeding the dielectric
strength of elastomer when an applied voltage is considered,
and
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iii) a thickness within a range not forming a defect, such
as a pin-hole by the roughness of the surfaces of the
electrodes 111 and 121.

According to a desirable embodiment, in order to satisty
the conditions 1) and ii), the surface roughness of the formed
dielectric 130 may be formed to be the same or thin based
on the surface roughness of the substrates 110 and 120
and/or the electrodes 111 and 121 formed on the substrates
110 and 120.

Referring to Table 1 to this end, as the surface roughness
of the substrates 110 and 120 and/or the electrodes 111 and
121 formed on the substrates 110 and 120 rises, the weight
percentage of diluted elastomer may rise. On the contrary, as
the surface roughness of the substrates 110 and 120 and/or
the electrodes 111 and 121 formed on the substrates 110 and
120 decreases, the weight percentage of elastomer may
decrease.

In the case where pressure 300 is applied to a micro-
structure having a rough surface formed on the surfaces of
the dielectrics 130 of the lower substrate 110 and the upper
substrate 120 as shown in FIG. 10, parts of the surfaces of
facing dielectrics 130 come into contact with each other, so
the surface of the first electrode 111 of the lower substrate
110 and the surface of the second electrode 121 of the upper
substrate 120 may form a sort of interlocked structure 321.

Such an interlocked structure is similar to an inner struc-
ture when pressure is applied in order to sense a touch with
a human being’s finger. For example, the inside of the
human being’s finger has the interlocked structure of epi-
dermis and dermis. Such an interlocked structure may per-
form a role in enhancing spatial resolution by the amplifying
of the touch signal of a part to which a stimulus is directly
applied.

Likewise, the pressure sensor 100 implements a structure
in which parts of the surface of the dielectric 130 come into
contact with each other and the rough surfaces of the
dielectric 130 engage in the case pressure 300 is applied, as
described above. That is, since the surfaces of the electrodes
111 and 121 that are the bases of the rough surfaces of the
dielectrics 130 also form an interlocked structure, it is
possible to increase the area A between electrodes that
affects the determination of capacitance.

In addition, in order to effectively generate the difference
of capacitance by using the roughness of the surfaces formed
on the lower substrate 110 and the upper substrate 120 that
make up the pressure sensor 100, there is a need to maintain
the distance between electrodes to be a designated distance
or longer.

To this end, curls are formed on the lower substrate and
the upper substrate and accordingly, it is possible to form an
air layer (or air gap) between the facing dielectrics of the
lower substrate 110 and the upper substrate 120.

For example, it is possible to use the property of the
flexible substrate 110-1 having flexibility and strain gener-
ated during a process of forming the electrodes 111 and 121
and the dielectric 130, e.g., compressive strain based on the
difference of the coeflicient of thermal expansion formed
between the flexible substrate 110-1 and the dielectric 130
after curing to form the curls on the lower substrate 110 and
the upper substrate 120 so that the substrates 110 and 120 are
concave toward the dielectric 130, as shown in FIG. 9.

Referring to FIG. 10, by using the curl formed in the way
described above, it is possible to form an air layer (e.g., a
large air layer 310) between the facing dielectrics 130 of the
lower substrate 110 and the upper substrate 120 that the
pressure sensor 100 have.
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The air layer 310 between the dielectrics decreases an
elastic resistance in the case where the pressure 300 is
applied to the pressure sensor 100, and since the distance d
between electrodes varying when the pressure 300 is applied
relatively increases, a variation in capacitance may increase.

Also, the air layer 310 betweens the dielectrics may be
removed due to the engagement of the micro-structure
formed on the dielectric 130 or changed to a plurality of
small air layers, in the case where the pressure 300 is applied
to the pressure sensor 100.

Since the dielectric constant of the air is 1 that is smaller
than the dielectric constant (=about 3) of elastomer, the large
air layer 310 is changed to a small air layer based on an
interlocked structure 320 or removed to cause a variation in
dielectric constant when the pressure 300 is applied, thus
since it is possible to significantly increase effective dielec-
tric constant, a variation in capacitance may increase.

As described above, it is possible to form an artificial
structure on the dielectric, form roughness and a micro-
structure according to the roughness on the dielectric 130
even without performing photo-lithography, etching, etc.
processes, and increase the difference of capacitance by
using the air layer formed between the dielectrics 130, so it
is possible to enhance the sensitivity of the pressure sensor
100. In general, the sensitivity of a capacitive pressure
sensor may be described by the using of Equation 4 below:

AC/Cy
T AP

5 )

(where P denotes applied pressure, C, denotes capacitance
before pressure is applied, and C denotes capacitance after
pressure is applied).

Since a variation in capacitance increases based on Equa-
tion 4 as described above, the sensitivity of the pressure
sensor 100 is enhanced, so it is possible to see a graph of
sensitivity as shown in FIGS. 11A and 11B by using the
pressure sensor 100 according to various embodiments of
the present invention.

Referring to FIG. 11A, the sensitivity of the pressure
sensor 100 may be determined based on the dilution level of
elastomer that is used as the dielectric 130. At this point,
when elastomer diluted with hydrocarbon is used, it is
represented that the sensitivity of the pressure sensor 100
records a high figure, and it is possible to see that the
sensitivity is the highest especially when the elastomer is 40
wt. %.

Since the elastic resistances of the lower substrate 110
and/or the upper substrate 120 increase near a flat surface, it
is difficult to decrease the distance d between electrodes and
it is difficult to obtain the effect of increasing effective
permittivity or increasing the area A between electrodes.
This may be easily seen through the sensitivity of the
pressure sensor using 100 wt. % elastomer (not diluted with
hydrocarbon).

Even in the case of the pressure sensor using the 100 wt.
% elastomer, it is possible to form a curl of a flexible
substrate due to the influence of compressive strain in a
manufacturing process, but this is actually insignificant. A
property that a material itself may be easily foldable or bent
is related to Equation 5 below:

_ EF
T 12(1-v2)

&)
D

(where t denotes the entire thickness of a pressure sensor).
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In terms of flexural rigidity, the rigidity of a material itself
significantly increases when a thickness becomes thick. That
is, since in the case of the 100 wt. % elastomer, the elastomer
itself is significantly thick, it is not easy to form a curl in
comparison to the case of diluted elastomer. In addition,
even when the curl is formed, the lower substrate 110
adheres to the upper substrate 120 due to the high viscosity
of elastomer itself in the case where the pressure 300 is
applied, so in an aspect of the efficiency of a sensor, it is
possible to cause a negative effect.

On the contrary, it is predicted that sensitivity is improved
as more elastomer is diluted with hydrocarbon, e.g., the
weight percentage of the elastomer decreases to below 40
wt. %, but since a function as a dielectric is lost due to the
influence of a defect, such as a pin-hole, there may be a
limitation in performing the function as the dielectric.

Thus, the weight percentage (or weight ratio) of elastomer
according to an embodiment of the present invention main-
tains 40 wt. %, but the embodiment is not limited thereto and
the dilution level of the elastomer may vary according to the
roughness of a used electrode.

In other words, it is possible to adjust the dilution level
based on the roughness of the material used as the electrode
to form the roughness of a dielectric 130 surface and
accordingly, it is possible to significantly enhance the sen-
sitivity of the pressure sensor 130.

Referring to FIG. 11B, in forming dielectrics on the
electrodes 111 and 121, it is possible to see that sensitivity
may be more effectively enhanced when forming the dielec-
trics 130 by the using of diluted eclastomer rather than
controlling the thickness of the elastomer to be formed, e.g.,
making the elastomer thin by the increasing of the RPM of
a spin coater.

When expanding the highly sensitive pressure sensor to a
wide area, it is possible to manufacture and overlap an array
of pressure sensors on overlaying and underlying flexible
substrates 1110, 1120 to form pressure sensors that include
a plurality of contact points, as shown in FIG. 12A.

For example, when forming and overlapping a three-line
pressure sensor array 511, 513, and 515 on the lower
substrate 1110 and likewise, a three-line pressure sensor
array (not shown) on the upper substrate 1120, it is possible
to generate pressure sensors that include nine contact points.

According to various embodiments of the present inven-
tion, it is possible to use significantly enhanced sensitivity to
divide values measured from the pressure sensor 100 into
various steps. For example, as shown in FIGS. 11A, 12B,
and 13, it is possible to determine the sensitivity of the
pressure sensor 100 based on a variation in pressure (or
weight) and a variation in capacitance and the variations,
and it is possible to use the sensitivity and the variations to
divide pressure (or weight) applied to the pressure sensor
100 into a plurality of levels.

At this point, referring to FIG. 13, in the case where
typing is performed as shown in the left image, the pressure
sensor 100 according to various embodiments of the present
invention may apparently output, in a wide range, a variation
in capacitance measured as shown in the right image accord-
ing to applied pressure, so it is possible to determine a
reference point for identifying the level of pressure based on
the size (figure) of the capacitance.

According to an embodiment, as shown in the upper graph
in FIG. 11A, in the case of the pressure sensor 100 in which
40 wt. % elastomer is used as the dielectric 130, it is possible
to see pressure at which sensitivity significantly varies. For
example, it is possible to see sensitivity of 0.62 kPa-1
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between 0 kPa and 2 kPa, and it is possible to see that
sensitivity significantly varies to 0.28 kPa-1 between 2 kPa
and 6 kPa.

In general, the pressure sensor of a keyboard commer-
cially available is represented as sensing a weight of about
5 kPa to about 6 kPa (50 g to 60 g). Thus, in handling the
sensitivity of the pressure sensor 100, it is possible to
identify pressure lower than 6 kPa as a first pressure range
and pressure higher than 6 kPa based on 6 kPa (e.g., a first
reference pressure), and it is possible to replace a general
keyboard input by using first pressure.

At this point, it is possible to perform another key input
by using second pressure. For example, in the case where the
pressure of the first pressure range is sensed through the
pressure sensor 100, it is possible to input a key of a general
keyboard, e.g., a lower-case letter. On the contrary, in the
case where the pressure of the second pressure range is
sensed through the pressure sensor 100, it is possible to
handle that another designated key is input.

According to an embodiment, in the case where the
pressure of the second pressure range is sensed through the
pressure sensor 100, it is possible to input a key input in a
state in which a specific key (e.g., shift key) of a general
keyboard is pressed, e.g., an upper-case letter.

Also, it is obvious that a pressure range based on the
sensitivity of the pressure sensor 100 is not limited to a
division into two levels and may be divided into various
levels. For example, in the case of a capacitive non-contact
keyboard, it is possible to sense a weight of 3 kPa (or 30 g),
decrease input job fatigue and implement a smooth touch.

Thus, according to an embodiment, when in the case of a
general keyboard, it is assumed that a key input is performed
by the sensing of pressure of 3 kPa to 6 kPa, it is possible
to further determine a third pressure range lower than 2 kPa
based on 2 kPa (e.g., second reference pressure) at which
sensitivity significantly varies through the pressure sensor
100, and it is possible to handle the pressure sensed within
the third pressure range as an input of another designated
key.

For example, in the case of a keyboard, it is possible to
key an input in response to a brushing wrong input during
user’s quick typing. Thus, it is possible to determine that the
pressure of the third pressure range is not a user’s key input
and accordingly, it is possible to decrease typographical
errors during user’s typing.

Referring to FIG. 14, the pressure sensor 100 according to
various embodiments of the present invention is formed to
not only have high sensitivity as described above but also
have a fast response time and a relaxation time.

For example, the dilution weight percentage of elastomer
making up the dielectric 130 may be not only a configuration
for forming the roughness of a dielectric surface as
described above but also a configuration for enhancing the
response time and relaxation time of the pressure sensor 100.

According to an embodiment, as shown in FIG. 14, when
comparing pressure sensors in which the weight percentages
of elastomer making dielectrics are 100 wt. % and 40 wt. %,
it is possible to see that the response time and relaxation time
of the 40 wt. % pressure sensor 100 are shorter than those
of the 100 wt. % pressure sensor at both pressure of 2 kPa
and pressure of 5 kPa.

In addition, the pressure sensor 100 may use the elastic
property of the flexible substrate 110-1 making up the
pressure sensor 100, to enhance the fast response time and
relaxation time. For example, a paper, plastic, etc. flexible
substrate has a property that it reversibly maintains a shape
over a certain bending radius even when being bent by using
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pressure. At this point, since strain due to normal force
applied from the pressure sensor 100 is significantly great in
bending radius, it is possible to quickly recover an original
shape.

According to an embodiment, as shown in FIG. 15, it is
possible to perform a test in which a force of 0.1N (=10 kPa)
is repetitively applied to the flexible substrate 110-1 on
which a curl having a width of 0.09 cm2 is formed. At this
point, with respect to the pressure applied repetitively to the
flexible substrate 110-1, the curl of the flexible substrate
110-1 shows irreversible strain at first and a reversible
elastic property after that.

In general, the flexible substrate 110-1 itself may be
included in a viscoelastic material like elastomer, so it may
be determined that the response time and the relaxation time
are long. However, a flexible substrate on which a curl is
formed may be structurally significantly short in response
time and relaxation time and reversibly recover a shape.

According to the descriptions above, it is possible to
model the reversible elastic property of the pressure sensor
100. To this end, it is possible to apply the Kelvin-Voight
model for a strain-stress property related to a viscoelastic
material. The Kelvin-Voight model is a model representing
the viscoelastic material and may express as the parallel
connection of a spring representing elasticity and a dashpot
representing viscosity to model the relation between their
strain and stress as in Equation 6 below:

(6
Trotal = 3 #(Tcurt + Tetastomer + Tsubstrate)
(Ecurt * Ecurt) + (Eetasiomer * Eetasiomer +

1 dSetasiomer
Netasiomer —— 21— +

desubstrare ]
dr

(Exubxrrare * Esubstrate + Nsubstrate
(where o denotes normal stress, ¢ denotes normal strain,

de
dr

denotes a strain rate, E denotes elastic modulus (Young’s
modulus), and ndenotes a viscosity coefficient).

Referring to FIG. 16 and Equation 6, the components of
the pressure sensor 100 according to various embodiments
of the present invention may roughly include a curl of the
flexible substrate 110-1, the dielectric 130, and the flexible
substrate 110-1.

At this point, it is possible to see through nano indentation
analysis that the curl of the flexible substrate 110-1 is an
elastic material, and the curl may be represented by a spring.
In addition, since the dielectric 130 and the flexible substrate
110-1 are viscoelastic materials, they each may be repre-
sented by the Kelvin-Voight model. The pressure sensor 100
is a structure in which these components are connected in
series, and a component that varies for the first time in a
serial structure when the pressure 300 is applied may be
determined according to their Young’s modulus.

As a result of calculation, the Young’s modulus (=30 kPa)
of the curl of the flexible substrate 110-1 is the lowest, and
the Young’s modulus of the dielectric 130 and the flexible
substrate 110-1 may be determined to be about 1 MPa and
about 20 MPa, respectively. Thus, when pressure is applied,
the curl of the flexible substrate 110-1 preferentially varies.
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For this reason, as shown in graphs in FIG. 14, the highly
sensitive sensing of the pressure sensor 100 is possible and
it is possible to secure a fast response time and a fast
relaxation time.

Also, since the pressure sensor has the fast response time
and relaxation time, hysteresis hardly occurs as shown in the
upper graph in FIG. 17. Also, it is possible to secure stability
maintaining performance in spite of about 5000 repetitive
pressure tests as shown in the lower graph in FIG. 17.

According to the descriptions above, the pressure sensor
100 not only forms a certain micro-structure through the
roughness of the surfaces of the electrodes 111 and 121
and/or the dielectric 130 but also uses the elastic property of
the flexible substrate 110-1 making up the pressure sensor
100. Also, in the case where pressure is applied to the
pressure sensor 100 by the using of curls formed on the
substrates 110 and 120, it is possible to secure a fast response
time, a fast relaxation time and highly-sensitive sensing
performance.

Turning back to FIG. 1, the control unit 200 of the input
device 10 using the highly sensitive pressure sensor includes
a main control unit 210, a de-multiplexer 220, and a mul-
tiplexer 230. The main control unit 210 performs the func-
tion of receiving a signal output from the pressure sensor
100 to transmit the signal to an output device, such as a
monitor, simultaneously with generating an excitation signal
input to the pressure sensor 100.

Here, the excitation signal may be a signal for capacitance
measurement, i.e., a signal input to discern a touch (and/or
applied pressure). The de-multiplexer 220 may perform the
function of dividing, in parallel, a serial signal received from
the main control unit 210 into a plurality of pressure sensors.

The multiplexer 230 is a component that converts parallel
input signals received from the plurality of pressure sensors
into a serial signal.

The control unit of the input device 10 using the highly
sensitive pressure sensor may further include an amplifier
240 and an analog-digital converter (ADC) 250. The ampli-
fier 240 performs the function of amplifying a serial signal
output from the multiplexer 230, and the ADC 250 is
connected to the output of the amplifier 240 to perform the
function of converting an analog signal amplified from the
amplifier 240 into a digital signal.

In the following, an example of operating the input device
10 is described.

According to an embodiment, firstly, an excitation signal
generated from the main control unit 210 may be divided
and applied to a plurality of pressure sensors through the
de-multiplexer 220. When a user touches the pressure sensor
100 to perform typing in a state in which the excitation
signal is applied, the parallel analog output signal of the
pressure sensor 100 may be converted into a serial analog
output signal through the multiplexer 230, and such a serial
analog output signal may be amplified through the amplifier
240, converted into a digital signal through the ADC 250,
and then input to the main control unit 210.

The signal input to the main control unit 210 may be a
signal that the excitation signal output firstly to the pressure
sensor 100 is modulated by the charging/discharging of a
capacitor generated through the pressure sensor 100. A
charging/discharging time t and a voltage V_ across a capaci-
tor at a corresponding time may be described by the using of
Equation 7 below that is based on the relation between the
capacitance C of the pressure sensor, the resistance R of a
circuit, and the voltage intensity V., of the excitation
signal:

Ve~V gnar(1-¢ )
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By finding the maximum and minimum voltages input to
the main control unit 210 and assigning the period and
voltage of an applied excitation signal to Equation 7, it is
possible to determine the capacitance value of the pressure
sensor 100.

As above, the main control unit 210 may output the
capacitance values of the pressure sensor to an output
device, such as a computer based on the signal output from
the pressure sensor 100.

Since the capacitance value of the pressure sensor 100 is
in proportion to applied pressure, it is possible to measure
the size of capacitance and use input strength to implement
a 3D touch (or 3D force touch) that senses pressure relevant
to a plurality of levels.

According to an embodiment, the input device 10 using
the highly sensitive pressure sensor may assign an alpha-
betical letter to each pressure sensor 100, compare measured
capacitance with a certain threshold level, and output a
lower-case letter in the case where small capacitance is
measured and an upper-case letter in the case where large
capacitance is measured.

For example, the main control unit 210 may determine
first capacitance (e.g., a first signal) corresponding to a
pressure range smaller than 6 kPa and second capacitance
(e.g., a second signal) corresponding to a pressure range
larger than 6 kPa, based on reference pressure input through
the pressure sensor 100, e.g., first reference pressure of 6
kPa.

At this time, the main control unit 210 may output a
lower-case letter in the case where the capacitance measured
through the pressure sensor 100 is included in a first capaci-
tance range, and output an upper-case letter in the case
where the measured capacitance is included in a second
capacitance range.

Also, the main control unit 210 may determine third
capacitance corresponding to pressure smaller than 3 kPa,
based on reference pressure input through the pressure
sensor 100, e.g., pressure of 3 kPa.

At this time, the main control unit 210 may handle that
there is no key input, in the case where the capacitance
measured through the pressure sensor 100 is included in a
third capacitance range.

As described above, the sensitivity of the pressure sensor
100 is enhanced without significantly changing the process
of the pressure sensor, so it is possible to provide an input
device that divides pressure measured by the pressure sensor
100 into a plurality of levels to handle various inputs with a
single pressure sensor.

An example of operating the input device using the highly
sensitive pressure sensor 100 according to an embodiment of
the present invention is described with reference to the
components of the control unit 200.

Firstly, an excitation signal generated from the main
control unit 210 may be divided and applied to a plurality of
pressure sensors through the de-multiplexer 220. When a
user touches the pressure sensor 100 to perform typing in a
state in which the excitation signal is applied, the parallel
analog output signal of the pressure sensor 100 is converted
into a serial analog output signal through the multiplexer
230, and such a serial analog output signal is amplified
through the amplifier 240, converted into a digital signal
through the ADC 250, and then input to the main control unit
210. The main control unit 210 may output an output to an
output device, such as a monitor based on the signal received
from the pressure sensor 110.

Referring to FIG. 18, the highly sensitive pressure sensor
100 provided based on various embodiments of the present
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invention and the input device 10 using the same may be
provided as a computer keyboard. Such a computer key-
board may input a word including an upper-case letter and
lower-case letters, such as ““Yonsei” with only the difference
of pressure applied to the pressure sensor 100 as shown in
FIG. 18, without using caps lock or shift keys.

The input device 10 using the highly sensitive pressure
sensor may identify pressure applied to pressure sensors as
shown in the right table in FIG. 18. At this point, when
applied pressure is larger than pressure of a designated
figure, e.g., pressure larger than reference pressure preset by
a pressure sensor designated to output a signal correspond-
ing to the key “y” according to sensed pressure is applied,
setting may be performed to output a signal corresponding
to its upper-case letter “Y”.

Also, according to various embodiments, the control unit
200 in the input device 10 using the highly sensitive pressure
sensor may handle (or perceive) a signal output through a
corresponding pressure sensor 100 as different inputs
according to the strength, time or frequency of pressure
applied to the pressure sensor 100.

Although the keyboard is described above as the input
device 10 using the highly sensitive pressure sensor, it is
obvious that the embodiment is not limited thereto and may
be applied to various input devices for inputting a designated
key according to pressure, such as a keypad, touch pad, and
virtual keyboard.

Also, an input device using a highly sensitive pressure
sensor according to an embodiment of the present invention
manufactures a pressure sensor by using materials com-
monly used in a daily life, for example, materials, such as
paper and graphite that may manufacture copy paper, pen-
cils, etc., so there is an advantage in that it is possible to
provide a significantly low-priced input device according to
the reduction of material and manufacturing process costs
simultaneously with implementing a high-sensitivity prop-
erty.

Also, it is possible to provide an bendable input device
because the input device is manufactured by using a flexible
substrate, and accordingly, there is an effect in that it is
possible to provide an input device easy to carry.

In the following, the manufacturing method of the highly
sensitive pressure sensor 100 according to an embodiment of
the present invention is described with reference to FIG. 19,
and the detailed description of the content already men-
tioned in the highly sensitive pressure sensor 100 according
to an embodiment of the present invention is omitted.

According to an embodiment, the manufacturing method
of a highly sensitive pressure sensor includes preparing a
lower substrate and a upper substrate in step S100; forming
a first electrode and a second electrode on the lower sub-
strate and under the upper substrate, respectively in step
S200; forming a dielectric 300 on the first electrode in step
S300; and stacking the upper substrate on the dielectric to
allow the second electrode to be disposed on the dielectric
in step S400.

An embodiment of the present invention provides a highly
sensitive pressure sensor that includes a lower substrate on
which a first electrode is formed; an upper substrate under
which a second electrode is formed; and a dielectric dis-
posed between the first electrode and the second electrode,
wherein the dielectric is elastomer.

According to various embodiments, the lower substrate
and the upper substrate may be formed of flexible substrates.

According to various embodiments, the first electrode and
the second electrode may be formed on the lower substrate
and under the upper substrate by the covering of graphite.
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An embodiment of the present invention provides an input
device using a highly sensitive pressure sensor, the input
device including a plurality of pressure sensors; and a
control unit that applies an excitation signal to the pressure
sensor and controls the output of the pressure sensor,
wherein the pressure sensor includes a lower substrate on
which a first electrode is formed, an upper substrate under
which a second electrode is formed, and a dielectric dis-
posed between the first electrode and the second electrode,
wherein the dielectric is elastomer.

According to various embodiments, the lower substrate
and the upper substrate may be formed of flexible substrates.

According to various embodiments, the first electrode and
the second electrode may be formed on the lower substrate
and under the upper substrate by the covering of graphite.

According to various embodiments, the control unit may
include a main control unit (MCU) which generates an
excitation signal input to the pressure sensor and to which a
signal output from the pressure sensor input; a de-multi-
plexer that divides the excitation signal into the plurality of
pressure sensors; and a multiplexer that converts parallel
signals output from the plurality of pressure sensors into a
serial signal.

According to various embodiments, the control unit may
further include an amplifier that amplifies a serial signal
output from the multiplexer; and an analog-digital converter
that converts the output of the amplifier into a digital signal.

An input device using a highly sensitive pressure sensor
according to an embodiment of the present invention manu-
factures a pressure sensor by using materials commonly
used in a daily life, for example, materials, such as paper and
graphite that may manufacture copy paper, pencils, etc., so
there is an effect in that it is possible to provide a signifi-
cantly low-priced input device according to the reduction of
material and manufacturing process costs simultaneously
with implementing a high-sensitivity property.

Also, it is possible to provide an bendable input device
because the input device is manufactured by using a flexible
substrate, and accordingly, there is an effect in that it is
possible to provide an input device easy to carry.

As described above, the sensitivity of a pressure sensor is
enhanced without significantly changing the process of the
pressure sensor, so it is possible to provide an input device
that divides pressure measured by the pressure sensor into a
plurality of levels to handle various inputs with a single
pressure sensor.

Although various embodiments of the present invention
are described above, the spirit of the present invention is not
limited to the embodiments presented in the specification
and a person skilled in the art may easily propose other
embodiments by the adding, change, deletion, addition, etc.
of components within the scope of the same spirit, but the
other embodiments would also be within the scope of the
spirit of the present invention.

What is claimed is:

1. A highly sensitive pressure sensor comprising:

a lower substrate on which a first electrode having surface
roughness is formed;

an upper substrate on which a second electrode having
surface roughness is formed; and

a dielectric material stacked between the lower substrate
and the upper substrate to be disposed between the first
electrode and the second electrode,

wherein the dielectric material comprises:
a lower dielectric layer that the first electrode has; and
an upper dielectric layer that the second electrode has,
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wherein the lower dielectric layer is in close contact
with the first electrode to allow the surface roughness
of the first electrode to be represented on the lower
dielectric layer, and

wherein the upper dielectric layer is in close contact
with the second electrode to allow the surface rough-
ness of the second electrode to be represented on the
upper dielectric layer.

2. The highly pressure sensor of claim 1, wherein the
dielectric material covers an uneven surface of the first
electrode or the second electrode by the surface roughness of
the first electrode or the second electrode.

3. The highly sensitive pressure sensor of claim 2,
wherein the dielectric material comprises elastomer,
wherein weight percentage in the dielectric material of the
elastomer is determined according to the surface roughness
and a thickness of the formed dielectric material.

4. The highly sensitive pressure sensor of claim 1,
wherein the lower substrate or the upper substrate is a
flexible or stretchable material.

5. The highly sensitive pressure sensor of claim 1,
wherein the surface roughness of the first electrode or the
second electrode is represented by surface roughness of the
lower substrate or the upper substrate.

6. The highly sensitive pressure sensor of claim 1,
wherein the surface roughness of the first electrode or the
second electrode is generated when an electrode is formed or
generated by processing after the electrode is formed.

7. The highly sensitive pressure sensor of claim 1,
wherein an air layer is formed in a portion of a region
between the lower dielectric layer and the upper dielectric
layer.

8. The highly sensitive pressure sensor of claim 7,
wherein an interlocked structure is formed by engaging of at
least a portion of surfaces of the lower dielectric layer and
the upper dielectric layer, in a case where pressure is applied
to at least one of the lower substrate and the upper substrate.

9. The highly sensitive pressure sensor of claim 8,
wherein the air layer formed between the lower dielectric
layer and the upper dielectric layer is removed or divided
into smaller air layers based on the interlocked structure, in
a case where pressure is applied to at least one of the lower
substrate and the upper substrate.

10. An input device using a highly sensitive pressure
sensor, the input device comprising:

at least one highly sensitive pressure sensor comprising:

a lower substrate on which a first electrode having
surface roughness is formed;

an upper substrate on which a second electrode having
surface roughness is formed; and

a dielectric material stacked between the lower sub-
strate and the upper substrate to be disposed between
the first electrode and the second electrode; and

a control unit that handles a designated key input accord-

ing to a signal output from the pressure sensor with
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respect to applied pressure when pressure is applied to
the highly sensitive pressure sensor.

11. The input device of claim 10, further comprising a
pressure application unit that applies pressure to one or more
of the lower substrate or the upper substrate.

12. The input device of claim 10, wherein the control unit
is configured to:

handle as a first signal in a case where the applied pressure
is lower than a first reference pressure that is preset, and

handle as a second signal in a case where the applied
pressure is equal to or higher than the first reference
pressure.

13. The input device of claim 10, wherein the control unit
ignores a corresponding input in a case the applied pressure
is lower than a second reference pressure that is preset.

14. The input device of claim 10, wherein the control unit
perceives as different inputs according to strength, time or
frequency of the applied pressure.

15. The input device of claim 10, wherein the control unit
comprises:

a main control unit that outputs an excitation signal input
to the pressure sensor and inputs the signal output from
the pressure sensor;

a de-multiplexer that divides the excitation signal into at
least one pressure sensor; and

a multiplexer that converts parallel signals output from
the at least one pressure sensor into a serial signal.

16. The input device of claim 10, wherein the control unit
divides the signal received through the main control unit into
aplurality of levels having a range with respect to the at least
one highly sensitive pressure sensor, and different keys are
designated for the plurality of levels, respectively.

17. The input device of claim 16, wherein the control unit
determines a designated key for a level of the signal based
on the signal received through the main control unit and the
highly sensitive pressure sensor outputting the signal, and
transmits to the multiplexer to input the determined key.

18. The input device of claim 10, wherein the signal is a
capacitance value corresponding to applied pressure with
respect to the at least one highly sensitive pressure sensor.

19. The input device of claim 10, wherein the dielectric
material comprises:

a lower dielectric layer that the first electrode has; and

an upper dielectric layer that the second electrode has,

wherein the lower dielectric layer is in close contact with
the first electrode to allow the surface roughness of the
first electrode to be represented on the lower dielectric
layer, and

wherein the upper dielectric layer is in close contact with
the second electrode to allow the surface roughness of
the second electrode to be represented on the upper
dielectric layer.



