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FIG. 7A




U.S. Patent Mar. 3, 2015 Sheet 13 of 16 US 8,970,513 B2

FIG. 7B




U.S. Patent Mar. 3, 2015

Sheet 14 of 16 US 8,970,513 B2

FIG. 8

I
I
[

N

|
|
-l

" NON-DRIVEN |
AREA

DRIVING AREA

" NON-DRIVEN !
AREA



U.S. Patent Mar. 3, 2015 Sheet 15 of 16 US 8,970,513 B2

FIG. 9A




U.S. Patent Mar. 3, 2015 Sheet 16 of 16 US 8,970,513 B2

FIG. 9B




US 8,970,513 B2

1

TOUCH PANEL HAVING DEFORMABLE
ELECTROACTIVE POLYMER ACTUATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2010-0098961, filed Oct. 11, 2010, the entire
disclosure of which is incorporated herein by reference for all
purposes.

BACKGROUND

1. Field

The following description relates to a user interface, and
more particularly, to a touch panel.

2. Description of the Related Art

A touch panel is one example of a kind of user input device
used to determine whether a user generates an input and the
position of the user’s input by sensing the user’s contact
thereon. A user may input data or signals to a touch panel by
contacting or pressing a surface of the touch panel with a
finger, a stylus pen or the like. The touch panel may be used as
a touch pad functioning as a substitute for a mouse in a laptop
computer or a netbook, etc., or used in place of an input switch
of an electronic device. Also, the touch panel may be used in
association with a display. A touch panel which is mounted on
the screen of a display device, such as a liquid crystal display
(LCD), a plasma display panel (PDP), a cathode ray tube
(CRT) and the like, is generally called a “touch screen”. A
touch panel may be integrated with a display device to con-
figure the screen of the display or may be attached addition-
ally on the screen of the display.

In certain situations, a touch panel may be substituted for a
user input device such as a keyboard, a trackball, or a mouse,
and also may allow for simple manipulations. Moreover, the
touch panel can provide users with various types of buttons
according to the types of applications to be executed or stages
of the executed application. Accordingly, a touch panel, and
more specifically, a touch screen, has been used as an input
device for electronic equipment, such as a mobile phone, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a digital camera, a portable game, a Moving
Picture Experts Group Layer-3 (MP3) player, etc., as well as
an automated teller machine (ATM), an information trader, a
ticket vending machine, etc.

A touch panel can be classified into a resistive type, a
capacitive type, a saw type, an infrared type, etc., according to
methods of sensing user’s inputs. A capacitive type touch
panel determines whether a user generates an input and the
position of the user’s input by measuring variations in capaci-
tance due to contact or pressure. However, the capacitive type
touch panel fails to offer users a sense of input, that is, a
feeling of recognition that a user gets upon inputting. In order
to overcome this disadvantage, a method of installing a vibra-
tion motor under a touch panel has been proposed. The
method offers users a sense of input by vibrating the whole
touch panel using the vibration motor when auser’s contact is
sensed. Recently, a method of offering various senses of
inputs by adjusting the magnitude or frequency of vibration
has been developed.

SUMMARY

One or more embodiments relate to a touch panel that can
output various signals which a user can recognize through
tactile sense according to the kinds or stages of applications
and/or the user’s selection.
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One or more embodiments also relate to a touch panel
which allows a user to recognize an input button through
tactile sense.

According to an aspect of an embodiment, there is pro-
vided a touch panel including an electroactive polymer (EAP)
actuator which is deformable when protruded or depressed
locally at a part to which a driving voltage is applied; and a
flexible touch sensor which is disposed on the EAP actuator,
is deformable locally in correspondence with a deformation
of the EAP actuator, and senses an input according to a
contact or pressing operating.

According to an aspect of another embodiment, there is
provided a touch panel including a multi-layered electroac-
tive polymer (EAP) actuator body including a plurality of
polymer thin films that are formed with EAP and have a
stacked structure, and a plurality of driving electrodes dis-
posed between each of the polymer thin films; a flexible touch
sensor which is disposed on the multi-layered EAP actuator
body, and which includes a piezoelectric layer formed from a
piezoelectric polymer, and a plurality of sensing electrodes
formed on the piezoelectric layer, wherein current generated
when the piezoelectric layer is pressed flows through the
sensing electrodes; a driving unit electrically connected to the
driving electrodes and applying a driving voltage to the driv-
ing electrodes to form an electric field locally in the polymer
thin films; and a sensing unit electrically connected to the
sensing electrodes and sensing current flowing through the
sensing electrodes to detect an input location at which the
piezoelectric layer is pressed.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will be more apparent from
the following detailed description taken with reference to the
accompanying drawings, in which:

FIG. 1is a diagram illustrating an example of a touch panel
according to an embodiment;

FIG. 2 illustrates a touch panel body of the touch panel
illustrated in FIG. 1;

FIGS. 3A and 3B are perspective views illustrating two
types of unit layers included in an electro-active polymer
(EAP) actuator body of FIG. 2;

FIG. 4 is a plan view illustrating an example of a shape that
is displayed using driving electrodes arranged in a matrix
form;

FIG. 5is across-sectional view cut along a X-Y line of FIG.
4;

FIGS. 6A through 6E are views for explaining an example
of'a method of sequentially outputting signals to display the
shape illustrated in FIG. 4 using an EAP actuator body includ-
ing a structure in which a pair of unit layers illustrated in
FIGS. 3A and 3B are stacked;

FIGS. 7A and 7B are a perspective view and a cross-
sectional view showing a bumpy member of FIG. 2;

FIG. 8 is a cross-sectional view for explaining a driving
state of a touch panel including the bumpy member of FIG.
7B; and

FIGS. 9A and 9B illustrate examples of touch panels
according to other embodiments.

DETAILED DESCRIPTION

The following description is provided to assist the reader in
gaining a comprehensive understanding of the methods,
apparatuses, and/or systems described herein. Accordingly,
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various changes, modifications, and equivalents of the meth-
ods, apparatuses, and/or systems described herein will be
suggested to those of ordinary skill in the art. Also, descrip-
tions of well-known functions and constructions may be
omitted for increased clarity and conciseness. The meanings
of terms used in the following examples follow given defini-
tions, and terms not explicitly defined in the specification
should be interpreted using meanings that are known to those
skilled in the art. For example, the meaning that a first mate-
rial layer is formed on a second material layer includes the
case in which a third material layer is inserted between the
first and second material layers, if no description excluding
the case is given, as well as the case where the first material
layer is formed directly on the second material layer.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

In this description, a touch panel is one example of a user
input device, and may be included in various kinds of elec-
tronic devices. For example, the touch panel may be used as a
user input device for various kinds of home and office appli-
ances, as well as a touch pad for a notebook, a netbook, etc.
Also, the touch panel may be mounted on the display of an
electronic device and used as a touch screen. For example, a
touch panel, specifically, a touch screen has been widely used
as an input device for electronic equipment, such as a mobile
phone, a PDA, a PMP, an E-book terminal, etc., as well as an
ATM, an information trader, a ticket vending machine, etc.

Also, a touch panel may be mounted on the surface of an
electronic device and used as an input/output device. For
example, a touch panel may be used as input buttons (for
example, navigation keys) of a mobile phone or a mobile
multimedia player, or may provide various output signals (for
example, letters, figures, simple symbols such as arrows)
which a user can recognize through tactile sense. The input
buttons or output signals may depend on a user’s selection
and/or the kinds or stages of applications. For this, a touch
panel may include an actuator allowing local deformation,
and a flexible sensor that may be deformable in correspon-
dence to deformation of the actuator. The actuator and flexible
sensor will be described in detail later.

FIG.1is a diagram illustrating an example of a touch panel
A according to an embodiment.

Referring to FIG. 1, the touch panel A includes a touch
panel body 10, a sensing unit 20, and a driving unit 30. The
touch panel body 10 indicates a physical structure of the touch
panel A. The sensing unit 20 and the driving unit 30 may be
electrical circuits and/or hardware/software which senses an
input onto the touch panel body 10, drives the touch panel
body 10, and controls the operation of the touch panel body
10. The term “touch panel” used in the following description
may be used to indicate only the touch panel body 10 in a
narrow sense, or may be used in a broad sense to indicate the
whole touch panel A including the sensing unit 20 and driving
unit 30.

In FIG. 1, the sensing unit 20 and the driving unit 30 are
shown as separate units depending on logical classification
according to their functions. However, alternatively, they may
be integrated into a single unit. Also, the logical function
classification of the sensing unit 20 and the driving unit 30 is
also for convenience of description, and any other integrated
component may perform all functions that can be performed
by the sensing unit 20 and the driving unit 30, or some
functions that are performed by any one of the sensing unit 20
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4

and the driving unit 30 may be performed by the other one.
Also, the touch panel A may further include a controller (not
shown) which controls the operation of the sensing unit 20
and the driving unit 30. Moreover, the functionality of the
sensing unit 20 and the driving unit 30 may be performed by
at least one central processing unit (CPU) of a computer.
Hereinafter, the structure and operation of the touch panel
body 10 will be described.

FIG. 2 is a perspective view illustrating a schematic struc-
ture of the touch panel body 10. In FIG. 2, the touch panel
body 10 is shown to have a square shape. However, this is only
exemplary. That is, the shape of the touch panel body 10 may
be variously shaped, and the shape may depend on the kind or
installation position of an electronic device on which the
touch panel A (see FIG. 1) is mounted, and/or the purpose of
the touch panel A. Referring to FIG. 2, the touch panel body
10 may include an actuator body 110, a sensor body 120, and
a bumpy member 130.

The actuator body 110 indicates the physical structure of
an actuator which is deformed when protruded or depressed
locally at areas to which driving voltages have been applied.
For example, the actuator may be made of electro-active
polymer (EAP) or piezoelectric ceramic that is a high mol-
ecule material deformable by electrical stimuli, and may be
deformed locally at areas where driving voltages are applied
to form an electric field. Since an EAP actuator, whose defor-
mation rate is maximally 5%, has a higher deformation rate
than other actuators (for example, a piezoelectric ceramic
actuator has a deformation rate of maximally 0.2%), the EAP
actuator may cause a relatively great displacement even when
the EAP actuator is fabricated with a small size.

The EAP actuator generally causes a displacement of sev-
eral % under an electric field of about 20 to about 150 V/um.
Accordingly, in order to obtain a great displacement (for
example, a displacement of about 3 to about 7%) froman EAP
actuator made of polymer having the thickness of about 10
um, a driving voltage from about 200 to about 1500 V is
needed. Such a high driving voltage makes application of an
existing EAP actuator to an electronic device such as amobile
device which tends to require a relatively low driving voltage
(for example, below 24V) difficult. Korean Patent Applica-
tion No. 2008-0100757 entitled “Electroactive Actuator and
Fabrication Method thereof™, filed and laid-open by the same
applicant, proposes a multi-layered EAP actuator as a method
for reducing a driving voltage of an EAP actuator.

A multi-layered EAP actuator is formed by stacking a
plurality of thin polymer films and arranging driving elec-
trodes between the polymer films, wherein opposite voltages
are applied to both sides of each polymer film. The actuator
body 110 may be a multi-layered EAP actuator body that is
formed by stacking a plurality of unit layers each layer includ-
ing an EAP thin film made of electroactive polymer and
driving electrodes formed on the EAP thin film. Specifically,
the multi-layered EAP actuator body 110 may have a struc-
ture where two types of unit layers are alternately stacked, the
two types of unit layers constructing a pair of unit layers, in
order to alternately apply different voltages to the driving
voltages of the respective unit layers.

FIGS. 3A and 3B are perspective views illustrating the two
types of unit layers included in the EAP actuator body 110.
For example, when it is assumed that the multi-layered EAP
actuator body 110 has a structure where ten unit layers are
stacked, the odd-numbered layers (that is, the first, third, fifth,
seventh, and ninth layers) of the ten unit layers may each have
a structure 112 (hereinafter referred to as a “first unit layer™)
illustrated in FIG. 3A, and the even-numbered layers (that is,
the second, fourth, sixth, eighth, and tenth layers) may each
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have a structure 114 (hereinafter referred to as a “second unit
layer”) illustrated in FIG. 3B. Alternatively, it is also possible
that the odd-numbered layers (that is, the first, third, fifth,
seventh, and ninth layers) of the ten unit layers each is the
second unit layer 114, and the even-numbered layers (that is,
the second, fourth, sixth, eighth, and tenth layers) each is the
first unit layer 112.

Referring to FIGS. 3A and 3B, the first unit layer 112
includes a first polymer thin film 1120 and a plurality of first
driving electrodes 1122 formed on a surface of the first poly-
mer thin film 1120, and the second unit layer 114 includes a
second polymer thin film 1140 and a plurality of second
driving electrodes 1142 formed on a surface of the second
polymer thin film 1140. Also, the first and second driving
electrodes 1122 and 1142 include a plurality of electrode
lines 1122a though 1122/, and 1142a through 11424, respec-
tively, as shown in FIGS. 3A and 3B. The electrode lines
1142a through 1142/ (hereinafter, referred to as second elec-
trode lines) of the second driving electrodes 1142 extend
perpendicular to the electrode lines 1122a through 1122/
(hereinafter, referred to as first electrode lines) of the first
driving electrodes 1122.

The first and second polymer thin films 1120 and 1140 may
be made of a dielectric polymer material which is deformable
by electrical stimuli. For example, the first and second poly-
mer thin films 1120 and 1140 may be formed with silicon (or
polyurethane) dielectric elastomers, ferro-electric polymer
such as Poly VinyliDene Fluoride (PVDF) polymer or Poly
(VinyliDene  Fluoride-TriFluorEtylene) (P(VDF-TrFE))
polymer, or relaxor ferro-electric polymer such as Poly(Vi-
nyliDene Fluoride-TriFluoroEthylene-CloroTriFluoroEthyl-
ene (P(VDF-TrEE-CFE) polymer or Poly(VinyliDene Fluo-
ride-TriFluoroEthylene-CloroTriFluoroEthylene  (P(VDF-
TrFE-CFTE) polymer. The first and second polymer thin
films 1120 and 1140 made of such dielectric polymer may
have a thin thickness of about 2 pm or less.

The P(VDF-TrFE-CFTE) polymer and P(VDF-TrFE-
CFE) polymer among the above-mentioned dielectric poly-
mers have a property that the polymer contracts in the direc-
tion in which a voltage is applied but stretches in the direction
perpendicular to the direction in which the voltage is applied.
Also, the P(VDF-TrFE-CFTE) polymer and P(VDF-TrFE-
CFE) polymer show a greatest displacement (maximally
about 4%) with respect to a low driving voltage (for example,
about 100V or less) among the above-mentioned dielectric
polymers. Furthermore, the P(VDF-TrFE-CFTE) polymer
and P(VDF-TrFE-CFE) polymer improve, after they are
crosslinked, a thermal resistance (about 200° C. or more),
increase a driving displacement, and also show high visible
light transmission of about 90% or more. Accordingly, the
first and second polymer thin films 1120 and 1140 formed
with crosslinked P(VDF-TtFE-CFTE) or P(VDF-TrFE-CFE)
polymer can be applied to a wider variety of applications.

The first and second driving electrodes 1122 and 1142 may
be formed with a flexible, conductive material which is
deformable in correspondence to local deformation of the
polymer thin films 1120 and 1140. For example, the first and
second driving electrodes 1122 and 1142 may be formed with
transparent, conductive polymer, such as polyaniline, poly-
pyrrole, PEDOT [Poly(3,4-EthyleneDiOxyThiophene)]:PSS
[Poly(4-StyreneSulfonic acid)]], polythiophen, etc.

Since the EAP actuator body 110 is formed by stacking a
plurality of unit layer pairs each pair including a first unit
layer 112 and a second unit layer 114 placed on the first unit
layer 112, driving electrodes are defined in a matrix form at
intersections of the first and second electrode lines 1122a
through 1122/ and 11424 through 1142/ that are arranged
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perpendicular to each other, as illustrated in FIGS. 3A and 3B.
That is, the EAP actuator body 110 includes driving elec-
trodes arranged in a matrix form. When the driving electrodes
arranged in a matrix form are electrically connected to be
individually driven, the EAP actuator body 110 may be
deformed to display a shape, such as a letter, a figure, a simple
symbol, etc.

FIG. 4 is a plan view illustrating an example of a shape that
is displayed using the driving electrodes arranged in a matrix
form, and FIG. 5 is a cross-sectional view cut along a X-Y line
of FIG. 4. FIG. 4 corresponds to the case where driving
voltages are applied only to 15 driving electrodes among total
of 64 driving electrodes to display a right directional arrow.
Also, FIG. 5 shows the case where a driving area is protruded
upward. Alternatively, it is also possible that a driving area is
depressed downward. Referring to FIGS. 4 and 5, areas to
which driving voltages are applied, that is, polymer thin films
1120 and 1140 corresponding to driving areas, are deformed
to be protruded upward, whereas areas to which no driving
voltage is applied, that is, polymer thin films 1120 and 1140
corresponding to non-driven areas, are not deformed. Accord-
ingly, by appropriately combining driving areas through
application of driving voltages, the EAP actuator body 110
may be deformed to display a shape, such as a letter, a figure,
a simple symbol, etc.

As such, in order for the EAP actuator body 110 to be
locally deformed, the first or second driving electrodes 1122
and 1142 may be formed in a pattern on the first and second
polymer thin films 1120 and 1140, respectively. For example,
as illustrated in FIGS. 3A and 3B, when the first and second
driving electrodes 1122 and 1142 are defined by the first and
second electrode lines 1122a through 1122/ and 1142a
through 1142/, respectively, that extend perpendicular to
each other, the EAP actuator body 110 is deformable.

In more detail, when driving voltages are applied to a part
of the first and second driving electrodes 1122 and 1142
arranged in a matrix form, that is, when opposite voltages are
respectively applied to a part of the first electrode lines 11224
through 1122/ and the corresponding part of the second elec-
trode lines 1144 through 1142/, an electric field is formed at
intersections of the first electrode lines 1122a through 1122/
and the second electrode lines 11424 through 1142/ to which
the voltages have been applied. As a result, only polymer thin
films 1120 and 1140 corresponding to driving areas where the
electric field is formed are deformed to be protruded or
depressed, and polymer thin films 1120 and 1140 correspond-
ing to non-driven areas where no electric field is formed are
not deformed, so that the EAP actuator body 110 is locally
deformed.

However, in this case, since on/off is selected in units of an
electrode line, not in units of a driving electrode at each
intersection, there are difficulties in deforming the EAP
actuator body 110 to various shapes. For example, the
deformed area of the EAP actuator body 110, when it is
simultaneously driven, cannot have the right directional
arrow shape illustrated in FIG. 4.

The patterns of the first and second driving electrodes 1122
and 1142 as illustrated in FIGS. 3A and 3B are only exem-
plary. For example, in the case where the EAP actuator body
110 has driving electrodes arranged in a matrix form, the first
and second driving electrodes 1122 and 1142 may be respec-
tively formed with different patterns on the polymer thin films
1120 and 1140. For example, a plurality of square electrode
pads each having a unit cell size may be formed in a matrix
form on each of the polymer thin films 1120 and 1140. In this
case, a driving voltage is applied to each electrode pad to
locally deform the EAP actuator body 110. That is, by appro-
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priately combining and selecting electrode pads to which the
driving voltage will be applied, the EAP actuator body 110
may be deformed to display a shape, such as a letter, a figure,
a symbol (for example, the arrow shape illustrated in FIG. 4),
etc.

In order to apply driving voltages to the individual elec-
trode pads, electrode pads on each unit layer are provided
with terminals. For example, when the electrode pads are
arranged in the form of an 8x8 matrix, at least 128 terminals
are used. However, it is difficult to dispose a large number of
terminals in the small-sized actuator body 110, and also,
rearrangement of terminals to connect the individual termi-
nals to a controller becomes increasingly challenging as the
number of electrode pads increases, which results in compli-
cated wirings and makes a fabrication process more difficult.

Meanwhile, defining driving electrodes at intersections of
the first electrode lines 11224 through 1122/ and the second
electrode lines 1142a through 11424, as illustrated in FIGS.
3 A and 3B, may significantly reduce the number of terminals.
In more detail, when eight first electrode lines 11224 through
1122/ and eight second electrode lines 1142a through 1142/
are arranged, only sixteen terminals are used to apply driving
voltages to all the first electrode lines 1122a through 1122/
and the second electrode lines 11424 through 1142/. How-
ever, in this case, as described above, the EAP actuator body
110 may be deformed to show only several limited shapes.

A method of deforming the EAP actuator body 100 which
has a structure where a pair of unit layer are stacked, that
permits more various shapes is to sequentially apply driving
voltages to all or a part selected from among the first electrode
lines 11224 through 1122/ and all or a part selected from
among the second electrode lines 1142a through 1142/ for a
predetermined time period. At this time, a pattern of driving
voltages that are sequentially applied for the predetermined
time period may be periodically repeated. The predetermined
time period may be decided based on a time interval for which
a user can sense deformation through tactile sense to recog-
nize an output signal. For example, a predetermined pattern of
driving voltages may be applied repeatedly with a cycle of
about Y100 to about 1 second. In this case, the predetermined
pattern of applied driving voltages will be repeated once
every 100 times per second.

FIGS. 6A through 6E are views for explaining an example
of'a method of sequentially outputting signals to display the
shape illustrated in FIG. 4 using the EAP actuator body
including the structure to which a pair of unit layers illustrated
in FIGS. 3A and 3B is stacked. Referring to FIG. 6A, at a first
timing, driving voltages are applied to three first electrode
lines 1122¢, 11224 and 1122 and one second electrode line
11425b. As a result, the driving voltages are applied to an area
corresponding to the most left vertical line 11425 of the arrow
illustrated in FIG. 4 and the corresponding area is deformed.
Then, referring to FIG. 6B, at a second timing, the driving
voltages are applied to three first electrode lines 1122c¢,
11224, and 1122e and one second electrode line 1142¢. As a
result, the driving voltages are applied to an area correspond-
ing to the second left vertical line 1142¢ of the arrow illus-
trated in FIG. 4 and the corresponding area is deformed. Then,
referring to FIG. 6C, at a third timing, the driving voltages are
applied to five first electrode lines 11224, 1122¢, 11224,
1122¢ and 1122f and one second electrode line 11424d. As a
result, the driving voltages are applied to an area correspond-
ing to the third left vertical line 1142d of the arrow illustrated
in FIG. 4 and the corresponding area is deformed. Next,
referring to FIG. 6D, at a fourth timing, the driving voltages
are applied to three first electrode lines 1122¢, 11224, and
1122¢ and one second electrode line 1142e¢. As a result, the
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driving voltages are applied to an area corresponding to the
fourth left vertical line 1142¢ of the arrow illustrated in FIG.
4 and the corresponding area is deformed. Finally, referring to
FIG. 6E, at a fifth timing, the driving voltages are applied to
one first electrode line 11224 and one second electrode line
1142f. As a result, the driving voltages are applied to an area
corresponding to the fifth left vertical line 1142f of the arrow
illustrated in FIG. 4 and the corresponding area is deformed.
The method of applying the driving voltages, as shown in
FIGS. 6A through 6E, may be repeated once per a predeter-
mined time period, for example, every Yioo to 1 second.

When the driving voltages are applied as shown in FIGS.
6A through 6F, the user may recognize the shape (that is, the
arrow shape) of the protruded area for a predetermined time
period through tactile sense. Particularly, a signal such as an
arrow may be output by sequentially applying driving volt-
ages whose output timings are adjusted in the same direction
which the arrow indicates. Also, when application of the
driving voltages is periodically repeated, the user can exactly
recognize what output signal is output through tactile sense.

Referring again to FIG. 2, the touch panel body 10 includes
a sensor body 120 disposed on the EAP actuator body 110. An
insulative layer (not shown) for electrical isolation may be
inserted between the EAP actuator body 110 and the sensor
body 120. The insulative layer may be made of a material such
as silicon oxide or silicon nitride having an excellent insula-
tion property and capable of being manufactured as a thin
film.

The sensor body 120 generates an input signal when a
contact or pressing operation occurs. The sensor body 120
may be a capacitive type touch panel, a resistive type touch
panel, a piezoelectric type touch panel, etc. The sensor body
120 includes a flexible touch sensor made of a material that is
locally deformable in correspondence to local deformation of
the EAP actuator body 110. The touch sensor is flexible to
allow for the sensor body 120 to be deformed in correspon-
dence to deformation of the EAP actuator body 110 so that a
user can sense deformation of the touch panel body 10
through tactile sense.

For example, the sensor body 120 may include a piezoelec-
tric layer which generates current when a surface of the sensor
body 120 is pressed and is formed with piezoelectric polymer
having flexibility, and a plurality of sensing electrodes
through which the current generated by the piezoelectric
layer can flow. The piezoelectric polymer may be Poly(Vi-
nyliDene Fluoride-TriFluoroEthylene) P(VDF-TrFE) poly-
mer. The P(VDF-TrFE) polymer is a high molecular material
having a piezoelectric property and can convert mechanical
energy into electrical energy. The P(VDF-TrFE) polymer
may be used to manufacture a sensor which senses a pressure
or contact.

The sensing electrodes also may be made of a conductive,
flexible material which is deformable in correspondence to
local deformation of the piezoelectric layer. For example, the
sensing electrodes may be, like the driving electrodes
described above, formed with transparent, conductive poly-
mer, such as polyaniline, polypyrrole, PEDOT [Poly(3,4-
EthyleneDiOxyThiophene)]:PSS  [Poly(4-StyreneSulfonic
acid)]], polythiophen, etc. The shape of the sensing electrodes
is matrix-shaped arrangement of square pads, or a plurality of
electrode lines arranged on the upper and lower surfaces of
the piezoelectric layer in such a manner as to cross perpen-
dicular to each other, like the pattern of the driving electrodes
described above.

The bumpy member 130 may be disposed on the sensor
body 120. The bumpy member 130 has a structure whose
surface is in a concavo-convex pattern to improve a tactile
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sense with respect to the surface. Since the EAP actuator body
110 can cause a greater displacement rather than other actua-
tor bodies but has a small size of about several micrometers,
the user can more sensitively and accurately sense deforma-
tion of the EAP actuator body 110 and sensor body 120 from
the concave-convex surface of the bumpy member 130 than
from a flat surface.

The concavo-convex shape or size of the bumpy member
130 is not limited. For example, the bumpy member 130 may
include a plurality of unit bumpy members each having a
pyramid shape as illustrated in FIGS. 7A and 7B. In this case,
each pyramid structure is disposed in correspondence to a
cell, that is, a driving electrode, or a plurality of pyramid
structures are arranged in the form of a matrix (for example,
a 2x2 matrix in the example of FIGS. 7A and 7B). Alterna-
tively, the concavo-convex structure formed in the bumpy
member 130 may be a structure where a plurality of concave,
fine lines and a plurality of convex, fine lines (for example,
lying trigonal prisms) are arranged or a structure where one or
more pillars (for example, cylinders or hexagon pillars) are
protruded in correspondence to each cell.

Thus, in other words, the bumpy member 130 may be
locally deformable in correspondence to deformation of the
sensor body 120, that is, in correspondence to deformation of
the EAP actuator body 110. This local deformability allows a
user to recognize deformation of the EAP actuator body 110
through tactile sense, like the sensor body 120 which is
formed with a flexible material.

For this, the bumpy member 130 may be made of a flexible
material such as polymer. In this case, however, since the
bumpy member 130 has low rigidity, the bumpy member 130
is easy to be damaged when it is repeatedly used, and particu-
larly, the concavo-convex structure for improving a tactile
sense is easy to be damaged.

It may be advantageous for the bumpy member 130 to
perform a function of protecting the EAP actuator body 110
and the sensor body 120 that are positioned below the bumpy
member 130. As described above, since the EAP actuator
body 110 and the sensor body 120 are made of a material (for
example, polymer) having a flexible property, repeatedly con-
tacting the surface of the EAP actuator body 110 or sensor
body 120 with a finger, or a stylus pen, etc. may damage the
EAP actuator body 110 or sensor body 120. Thus, the bumpy
member 130 may act as a protective member for preventing
the surfaces of the EAP actuator body 110 and the sensor
body 120, particularly, the surface of the sensor body 120
from being damaged.

In order to perform a protective function, the bumpy mem-
ber 130 may be formed with a material (for example, plastic
or metal, etc.) having sufficient rigidity for preventing a sur-
face of the bumpy member 130 from being damaged. How-
ever, in the case where the bumpy member 130 is formed with
sheet-shaped plastic or metal having the same size as the
sensor body 120 disposed below the bumpy member 130, it
becomes more difficult to deform the bumpy member 130 in
correspondence to the deformation of the sensor body 120.

Thus, the current embodiment allows local deformation of
the bumpy member 130 by forming the bumpy member 130
having a structure where a plurality of unit bumpy members
whose upper surfaces have a concave-convex shape are sepa-
rated and arranged in a matrix form, as shown, for example, in
FIG. 7A. The size of each unit bumpy member may be equal
to or smaller than the size of each driving electrode cell.
Accordingly, it is also possible that a plurality of unit bumpy
members are disposed in correspondence to a driving elec-
trode cell.
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FIG. 8 is a cross-sectional view for explaining a driving
state of a touch panel including the bumpy member 130.
Referring to FIG. 8, the bumpy member 130 includes a plu-
rality of unit bumpy members that are separated and arranged
in a matrix form on the sensor body 120 such that the unit
bumpy members can move individually. Unit bumpy mem-
bers positioned in correspondence to driving areas are pro-
truded upward according to deformation of the EAP actuator
body 110 and the sensor body 120, and unit bumpy members
positioned in correspondence to non-driven areas do not
move upon deformation of the EAP actuator body 110 and the
sensor body 120.

Referring again to FIGS. 1 and 2, the sensing unit 20
determines whether a user input onto the touch panel A, in
more detail, onto the touch panel body 10 occurs, and detects
the location of the user input when the user input occurs. For
detecting a user input location, the sensing unit 20 may elec-
trically connect to sensing electrodes of the touch panel body
10. If the touch panel body 10 is a piezoelectric type, the
sensing unit 20 determines whether current flows through the
sensing electrodes to determine whether a user input occurs.
Then, information about occurrence of user input and the user
input location, determined by the sensing unit 20, may be
transferred to the driving unit 30.

The driving unit 30 applies a driving voltage to the touch
panel A, specifically, to the EAP actuator body 110 to locally
deform the EAP actuator body 110. That is, the driving unit 30
selects the number and/or locations of driving electrodes to
which a driving voltage will be applied to apply the driving
voltage only to the selected driving electrodes. For this, the
driving unit 30 may electrically connect to the driving elec-
trodes of the EAP actuator body 110. The driving unit 30 may
apply various patterns of driving voltages according to a
selection from a user and/or the stage of an application of an
electronic device in which the touch panel A is installed. For
example, an application pattern of driving voltages includes a
method of driving the EAP actuator body 110 as described
above with reference to FIGS. 6A through 6E. Also, the
driving unit 30 may apply, when receiving an input signal
including an input location from the sensing unit 20, a pre-
determined pattern of driving voltages based on the input
location.

FIGS. 9A and 9B illustrate examples of touch panels. The
touch panels illustrated in FIGS. 9A and 9B may have the
same structure as the touch panel illustrated in FIGS. 1 and 2,
and accordingly detailed descriptions therefor will be omit-
ted. Shaded areas in FIGS. 9A and 9B represent areas
deformed by application of driving voltages. For example, in
each of'the touch panels, driving voltages may be applied only
to shaded areas, and for this, the touch panel, in more detail,
the EAP actuator body, may be disposed only in parts corre-
sponding to the shaded areas. That is, instead of a structure
where square electrode pads or line-type electrode lines are
arranged on the surface of a polymer thin film, electrode pads
having the shapes of the shaded areas may be arranged on a
polymer thin film. Accordingly, the touch panels illustrated in
FIGS. 9A and 9B will be deformed to the patterns of electrode
pads corresponding to the shaded areas when driving voltages
are applied. The touch panels may use the shaded areas as
various input buttons. For example, input buttons having the
shapes illustrated in FIGS. 9A and 9B may be used as navi-
gation keys for amobile phone or a mobile multimedia player,
etc.

A number of examples have been described above. Never-
theless, it will be understood that various modifications may
be made. For example, suitable results may be achieved if the
described techniques are performed in a different order and/or
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if components in a described system, architecture, device, or
circuit are combined in a different manner and/or replaced or
supplemented by other components or their equivalents.
Accordingly, other implementations are within the scope of
the following claims.

What is claimed is:

1. A touch panel comprising:

an electroactive polymer (EAP) actuator which is deform-

able when protruded or depressed locally at a part to
which a driving voltage is applied,
aflexible touch sensor which is disposed on the EAP actua-
tor, is deformable locally in correspondence with a
deformation of the EAP actuator, and senses an input
according to a contact or pressing operation; and

abumpy member disposed on the flexible touch sensor and
formed of plastic or metal, the bumpy member being
deformable locally in correspondence with a deforma-
tion of the flexible touch sensor,

wherein the bumpy member comprises a plurality of unit

bumpy members that are separated and arranged in a
matrix form,

wherein the EAP actuator comprises a plurality of layers

which are stacked together to form a multi-layered EAP
actuator, each layer of the plurality oflayers comprising:

a polymer thin film formed from an electro-active polymer

(EPA); and
a plurality of driving electrodes which are formed on a
surface of the polymer thin film, and are configured to
apply driving voltages to the polymer thin film, and
wherein the EAP actuator is deformed in the same direc-
tion as the plurality of layers are stacked in layers.

2. The touch panel of claim 1, wherein the polymer thin
film comprises a crosslinked Poly(VinyliDene Fluoride-Tri-
FluoroEthylene-ChloroTriFluoroEthylene) (P(VDF-TrFE-
CTFE)) polymer or a crosslinked Poly(VinyliDene Fluoride-
TriFluoroEthylene-ChloroFluoroEthylene) (P(VDF-TrFE-
CFE)) polymer.

3. The touch panel of claim 1, wherein the driving elec-
trodes are comprise polypyrrole, polyaniline, or poly-
thiophen.

4. The touch panel of claim 1, wherein the flexible touch
sensor comprises:

a piezoelectric layer comprising a piezoelectric polymer;

and

a plurality of sensing electrodes which are formed on the

piezoelectric layer, and through which current generated
when a surface of the piezoelectric layer is deformed
flows.

5. The touch panel of claim 4, wherein the piezoelectric
layer comprises a Poly(VinyliDene Fluoride-TriFluoroEty-
lene) (P(VDF-TrFE)) polymer.

6. The touch panel of claim 4, wherein the sensing elec-
trodes comprises polypyrrole, polyaniline, or polythiophen.

7. The touch panel of claim 1, wherein the plurality of unit
bumpy members have upper surfaces with a concavo-convex
structure.

8. A touch panel comprising:

amulti-layered electroactive polymer (EAP) actuator body

comprising a plurality of polymer thin films that are
formed with EAP and have a stacked structure, and a
plurality of driving electrodes disposed between each of
the polymer thin films;

a flexible touch sensor which is disposed on the multi-

layered EAP actuator body, and comprises a piezoelec-
tric layer formed from a piezoelectric polymer, and a
plurality of sensing electrodes formed on the piezoelec-
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tric layer, wherein current generated when the piezo-
electric layer is pressed flows through the sensing elec-
trodes;

a bumpy member disposed on the flexible touch sensor and
formed of plastic or metal, the bumpy member being
deformable locally in correspondence with a deforma-
tion of the flexible touch sensor;

a driving unit which is electrically connected to the driving
electrodes and applies a driving voltage to the driving
electrodes to form an electric field locally in the polymer
thin films; and

a sensing unit which is electrically connected to the sensing
electrodes and senses current flowing through the sens-
ing electrodes to detect an input location at which the
piezoelectric layer is pressed,

wherein the bumpy member comprises a plurality of unit
bumpy members that are separated and arranged in a
matrix form,

wherein the multi-layered EAP actuator body comprises a
plurality of unit layers having a stacked structure, and
each of the unit layers comprises:

a first polymer thin film formed from an EAP;

a first driving electrode including a plurality of first elec-
trode lines which are formed on the first polymer thin
film and extend in a first direction;

a second polymer thin film which is formed from an EAP
and is formed on the first polymer thin film on which the
first driving electrode is formed; and

a second driving electrode comprising a plurality of second
electrode lines which are formed on the second polymer
thin film and extend in a second direction perpendicular
to the first direction,

wherein the driving unit applies different driving voltages
to the first driving electrode and the second driving elec-
trode, respectively, so that the first and second driving
electrodes have opposite voltages, and

wherein the EAP actuator is deformed in the same direc-
tion as the plurality of layers are stacked in layers.

9. The touch panel of claim 8, wherein the plurality of
driving electrodes are arranged in a matrix form on each ofthe
polymer thin films, and the driving unit applies the driving
voltage to a part of the driving electrodes arranged in the
matrix form.

10. The touch panel of claim 8, wherein the driving unit
applies the driving voltage to all of the plurality of first elec-
trode lines or to a part of the first electrode lines selected from
among the plurality of first electrode lines, and to all of the
plurality of second electrode lines or to a part of the second
electrode lines selected from among the plurality of second
electrode lines.

11. The touch panel of claim 10, wherein the driving unit
sequentially applies the driving voltage to all or the selected
part of the first electrode lines, and to all or the selected part
of'the second electrode lines, for a predetermined time period.

12. The touch panel of claim 11, wherein the predeter-
mined time period is within a range of about %100 to about 1
second.

13. The touch panel of claim 8, wherein the plurality of unit
bumpy members have upper surfaces with a concavo-convex
structure.

14. The touch panel of claim 8, wherein the plurality of
driving electrodes are arranged in a predetermined pattern on
each of the polymer thin films.

15. The touch panel of claim 14, wherein when the driving
unit applies the driving voltage to the driving electrodes, the
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flexible touch sensor functions as an input button at an area
corresponding to the predetermined pattern.
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