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Title: TOUCH INPUT DEVICE AND METHOD

(57) Abstract: A touch input device and a touch input method are provided. The touch input device includes a first panel contigured
to be touched by an input tool having magnetic properties, a second panel configured to generate a magnetic field, and a control unit
configured to control the second panel to generate the magnetic field in a portion of the second panel that is related to a touched loc-
ation of the first panel, as the input tool touches the first panel.
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Description

Title of Invention: TOUCH INPUT DEVICE AND METHOD
Technical Field

[1] The present disclosure relates to a touch device and a touch input method to apply a

repulsive force to an input tool which performs a touch input on a device.

Background Art

[2] Input methods of a device not only include a keypad, but also a touch screen, which
receives a touch input of a user by incorporating a touch recognition apparatus in a
screen of a device and are becoming widespread. Also, with the progress of touch input
technologies, the user uses a touch input tool to perform various types of touch inputs
to a device.

[3] In the related art, when the user touches a touch screen, vibration is generated in a
device and thus a feedback to the touch is provided. However, if the user uses the
touch input tool and performs various types of touch inputs, such as touch, drag, flick,
swipe, or pinch, a corresponding feedback may not be effectively provided to the user.
Therefore, there is a need for a technology that may effectively provide a feedback to
the touch input of the user to provide a predetermined writing feeling to the user.

[4] The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.
Disclosure of Invention

Solution to Problem

[5] Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide a touch input device and
a touch input method, which uses a magnetic field to provide a writing feeling to a user
who performs a touch input by using an input tool having magnetic properties.

[6] Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented various embodiments.

Brief Description of Drawings

[7] The above and other aspects, features, and advantages of certain embodiments of the
present disclosure will be more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

[8] FIG. 1 is a schematic view illustrating a touch input performed on a device according
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to an embodiment of the present disclosure;
FIG. 2 is a schematic view illustrating a force applied to an input tool according to an

embodiment of the present disclosure;

FIG. 3 is a diagram of the device according to an embodiment of the present
disclosure;

FIG. 4 illustrates a second panel and a coil included in the second panel according to
an embodiment of the present disclosure;

FIGS. 5A and 5B illustrate a voltage pulse applied to a second panel according to an
embodiment of the present disclosure;

FIG. 6 illustrates a method by which a device determines a touch location, a moving
direction and a moving speed of an input tool according to an embodiment of the
present disclosure;

FIGS. 7A and 7B illustrate a device generating a magnetic field in a second panel
according to an embodiment of the present disclosure;

FIGS. 8A, 8B, 8C, 9A, 9B, 9C, 10A, 10B, and 10C illustrate examples in which a
device generates a magnetic field in a second panel when an input tool moves di-
agonally on the second panel according to an embodiment of the present disclosure;

FIGS. 11A, 11B, 11C, 12A, 12B, 12C, 13A, 13B, 13C, 14A, 14B, and 14C illustrate
examples in which a device generates a magnetic field in a second panel when an input
tool moves vertically on the second panel according to an embodiment of the present
disclosure;

FIG. 15 illustrates an example in which a separate magnetic field generation
apparatus, which is included in a second panel, is moved according to another em-
bodiment of the present disclosure;

FIG. 16 illustrates an example in which a separate magnetic field generation
apparatus, which is included in a second panel, is moved according to another em-
bodiment of the present disclosure;

FIG. 17 is a flowchart illustrating a method in which a device generates a magnetic
field on a second panel by responding to a touch input of an input tool according to an
embodiment of the present disclosure; and

FIG. 18 is a flowchart illustrating a method in which a device moves a magnetic field
generation apparatus, which is included in a second panel, by responding to a touch
input of an input tool according to another embodiment of the present disclosure.

The same reference numerals are used to represent the same elements throughout the
drawings.

Best Mode for Carrying out the Invention

In accordance with an aspect of the present disclosure, a touch input device is
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provided. The touch input device includes a first panel configured to be touched by an
input tool having magnetic properties, a second panel configured to generate a
magnetic field, and a control unit configured to control the second panel to generate
the magnetic field in a portion of the second panel that is related to a touched location
of the first panel, as the input tool touches the first panel.

As the input tool touches and is moved along the first panel, the control unit may be
configured to control the second panel to generate the magnetic field in the portion of
the second panel that is related to the touched location of the first panel, based on a
touch location and a moving direction of the input tool.

The control unit may be configured to control the second panel to generate the
magnetic field, which has the same polarity as a polarity of the input tool, in a portion
of the second panel that is in the moving direction of the input tool.

The control unit may be configured to control the second panel to generate the
magnetic field, which has a polarity opposite to a polarity of the input tool, in a portion
of the panel that is in the opposite direction of the moving direction of the input tool.

The second panel may include a plurality of coils. The control unit may be
configured to control to apply a voltage to at least some of the plurality of coils to
generate the magnetic field.

The control unit may be configured control to apply a voltage pulse having a prede-
termined period to at least some of the plurality of coils to generate the magnetic field.

As the input tool touches and is moved along the first panel, the control unit may be
configured to adjust at least one of a period of the voltage pulse and a magnitude of the
voltage pulse, based on a moving speed of the input tool.

The control unit may be configured to identify a magnetic field that is generated in at
least some of the plurality of coils as the input tool is touched, and to identify at least
one of a touch location, a moving direction, and a moving speed of the input tool.

The control unit may be configured to control to apply a voltage pulse having a pre-
determined period to at least some of the plurality of coils, and when a magnitude of
the applied voltage equals zero, the control unit is configured to identify at least one of
a touch location, a moving direction, and a moving speed of the input tool.

The plurality of coils may be arranged in the second panel in a grid pattern.

The first panel may include at least one of a protective panel and a display panel.

In accordance with another aspect of the present disclosure, a touch input device is
provided. The touch input device includes a first panel configured to receive a touch
input of an input tool having magnetic properties, a second panel configured to
generate a magnetic field corresponding to the input of the input tool, and a control
unit configured to control the second panel to generate the magnetic field in a portion

of the second panel that is related to a touch input location, when the input tool
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contacts the first panel.

The control unit may be configured to receive information regarding a touch input
from the first panel, and to control the first panel to generate the magnetic field in the
portion of the second panel, based on the received information.

The first panel may include at least one of a Resistive (R)-type touch screen and a
Capacitive (C)-type touch screen.

In accordance with another aspect of the present disclosure, a touch input method is
provided. The touch input method includes identifying a location of a first panel that is
touched by an input tool having magnetic properties, and applying a voltage to a
portion of a second panel that is related to the identified touch location, as the input
tool touches the first panel, in which a magnetic field is generated in the portion of the
second panel as the voltage is applied.

In the applying of the voltage, as the input tool touches and is moved along the first
panel, the voltage may be applied to generate the magnetic field in the portion of the
second panel, based on a touch location and a moving direction of the input tool.

In the applying of the voltage, the voltage may be applied to generate the magnetic
field, which has the same polarity as a polarity of the input tool, in the portion of the
second panel that is in the moving direction of the input tool.

In the applying of the voltage, the voltage may be applied to generate the magnetic
field, which has a polarity opposite to a polarity of the input tool, in a portion of the
second panel that is in the opposite direction of the moving direction of the input tool.

In the applying of the voltage, the voltage may be applied to at least some of a
plurality of coils included in the second panel.

In the applying of the voltage, a voltage pulse having a predetermined period may be
applied to at least some of the plurality of coils to generate the magnetic field.

In the applying of the voltage, as the input tool touches and is moved along the first
panel, at least one of a period of the voltage pulse and a magnitude of the voltage pulse
may be adjusted, based on a moving speed of the input tool.

In the identifying of the touch location, the touch location may be identified by
identifying the magnetic field formed by at least some of the plurality of coils, and may
further include identifying at least one of a touch location, a moving direction, and a
moving speed of the input tool.

In the applying of the voltage, a voltage pulse having a predetermined period may be
applied to at least some of the plurality of coils, and in which at least one of a touch
location, a moving direction, and a moving speed of the input tool is identified when a
magnitude of the applied voltage equals zero.

The plurality of coils may be arranged in the second panel in a grid pattern.

The first panel may include at least one of a protective panel and a display panel.
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In accordance with another aspect of the present disclosure, a non-transitory
computer-readable recording medium having a program thereon for executing the

method of the third embodiment is provided.
Other aspects, advantages, and salient features of the disclosure will become apparent

to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present
disclosure.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It includes various specific
details to assist in that understanding but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the various embodiments described herein can be made without
departing from the scope and spirit of the present disclosure. In addition, descriptions
of well-known functions and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the present disclosure. Accordingly, it should be apparent
to those skilled in the art that the following description of various embodiments of the
present disclosure is provided for illustration purpose only and not for the purpose of
limiting the present disclosure as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

Throughout the specification, it will also be understood that when an element is
referred to as being "connected to" another element, it can be directly connected to the
other element, or electrically connected to the other element while intervening
elements may also be present. Also, when a part "includes" or “comprises” an element,
unless there is a particular description contrary thereto, the part can further include
other elements, not excluding the other elements.

As used herein, expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify the individual elements
of the list.

FIG. 1 is a schematic view illustrating a touch input performed on a device 1000
according to an embodiment of the present disclosure.

Referring to FIG. 1, a user may use an input tool 100 having magnetic properties to
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touch a first panel 1100 of the device 1000. The device 1000 may generate a magnetic
field having a polarity opposite to that of the input tool 100 in a predetermined region
of a second panel 1200, and thus apply a repulsive force to the input tool 100. The
device 1000 may use the first and second panels 1100 and 1200 to identify a location
touched by using the input tool 100 (hereinafter, referred to as “touch location of the
input tool 1007). As the input tool 100 touches and is moved on the first panel 1100,
the device 1000 may identify a moving direction and a moving speed of the input tool
100. Also, the device 1000 may use the second panel 1200 to identify a touch location
of the input tool 100, and then generate a magnetic field in a predetermined location of
the second panel 1200, and thus apply a repulsive force to the input tool 100.

The input tool 100 may be, for example, a stylus pen, and may be magnetic. The
input tool 100 may include a magnet, and be partially or entirely magnetic, but the
input tool 100 is not limited thereto. Therefore, when a magnetic field having a polarity
opposite to that of the input tool 100 is generated in the second panel 1200, a prede-
termined repulsive force may be applied to the input tool 100.

The first panel 110 of the device 1000, for example, may include at least one of a
protective panel, a display panel, a Resistive (R)-type touch screen, and a Capacitive
(C)-type touch screen. The second panel 1200 may generate a magnetic field by using
a predetermined voltage.

The first panel 1100 and the second panel 1200 may be adjacent to each other, but
are not limited thereto. The first and second panels 1100 and 1200 may be formed as a
single panel.

FIG. 2 is a schematic view illustrating a force applied to the input tool 100 according
to an embodiment of the present disclosure.

Referring to FIG. 2, when the user touches the first panel 1100 by using the input
tool 100 having a positive polarity and moves the input tool 100 in a direction 20, the
device 1000 may use the first panel 1100 or the second panel 1200 to identify a touch
location, a moving direction, and a moving speed of the input tool 100. For example, if
the first panel 1100 is at least one of an R-type touch screen and a C-type touch screen,
the device 1000 may identify a touch location, a moving direction, and a moving speed
of the input tool 100 by using the first panel 1100.

Also, the device 1000 may generate a positive magnetic field in a region of the
second panel 1200 corresponding to a direction 20 from the touch location; and
generate a negative magnetic field in a region of the second panel 1200 corresponding
to a direction 22 from the touch location. In this case, the direction 20 and the direction
22 may be opposite to each other. Also, when the positive and negative magnetic fields
are generated, a predetermined repulsive force may be applied to the input tool 100.

FIG. 3 is a diagram of the device 1000 according to an embodiment of the present
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disclosure.

Referring to FIG. 3, the device 1000 includes the first panel 1100, the second panel
1200, and a control unit 1300.

The first panel 1100 may be at least one of a touch panel, a display panel, an R-type
touch screen, and a C-type touch screen. The user may use the input tool 100 to touch
the first panel 1100.

When the first panel 1100 senses a touch of the input tool 100, the first panel 1100
may provide a signal that is generated according to the touch of the input tool 100 to
the control unit 1300. The control unit 1300 may use the signal that is received from
the first panel 1100 to identify a touch location, a moving direction, and a moving
speed of the input tool 100.

When the first panel 1100 senses a touch of the input tool 100, the control unit 1300
may use the second panel 1200 to identify a touch location, a moving direction, and a
moving speed of the input tool 100.

The second panel 1200 may generate a magnetic field. When the control unit 1300
applies a voltage to the second panel 1200, the second panel 1200 may generate a
magnetic field at least in a portion of the second panel 1200.

The second panel 1200 may include a plurality of coils that may generate a magnetic
field. The plurality of coils may be separately arranged by a predetermined distance.
For example, a plurality of wires may be arranged vertically and horizontally on the
second panel 1200, and the plurality of coils may be respectively disposed at locations
where the vertically arranged wires meet the horizontally arranged wires. Also, both
ends of each coil may be respectively connected to the vertically and horizontally
arranged wires. Therefore, when a predetermined voltage is applied to a coil through
the vertically and horizontally arranged wires, the coil included in the second panel
1200 may generate a predetermined magnetic field. However, a method of generating a
magnetic field is not limited thereto, and at least in a portion of the second panel 1200,
a magnetic field may be generated by using various means for generating a magnetic
field, such as a magnet, or a coil.

When the input tool 100 touches the first panel 1100, a magnetic field may be
generated in a predetermined region of the second panel 1200 due to the magnetic
properties of the input tool 100, and then a predetermined electric field may be
generated in the plurality of coils included in the second panel 1200 due to the
generated magnetic field. Also, the second panel 1200 or the control unit 1300 may
sense or measure the electric field generated in the plurality of coils. In addition, the
electric field that is generated in the plurality of coils by using the input tool 100
having magnetic properties may be sensed or measured while a voltage is not applied

to the plurality of coils. Information regarding an electric field may include, for
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example, information regarding a polarity of the electric field and strength of the
electric field.

The polarity and strength of the magnetic field that is generated by using the input
tool 100 may be identified based on the polarity and strength of the electric field that is
generated in the plurality of coils in the second panel 1200. When the second panel
1200 senses or measures the electric field generated in the plurality of coils, the second
panel 1200 may provide information regarding the sensed or measured electric field to
the control unit 1300.

The second panel 1200 may contact a lower portion of the first panel 1100. A size of
the second panel 1200 may be the same as that of the first panel 1100. However, the
size of the second panel 1200 is not limited thereto, and the second panel 1200 may be
smaller than the first panel 1100.

When the second panel 1200 is smaller than the first panel 1100, the second panel
1200 may be moved under a portion of the first panel 1100 that is touched by using the
input tool 100. In this case, the first panel 1100 may sense a touch of the input tool
100, and then the second panel 1200 may be moved according to a touch location
sensed by the first panel 1100.

The control unit 1300 identifies the touch of the input tool 100 and generates a
magnetic field in a predetermined location of the second panel 1200. When the first
panel 1100 senses a touch of the input tool 100, the control unit 1300 may receive in-
formation regarding the touch of the input tool 100 from the first panel 1100, and may
identify a touch location, a moving direction, and a moving speed of the input tool 100
based on the received information. For example, if the first panel 1100 is an R-type
touch screen or a C-type touch screen, the control unit 1300 may sense the touch of the
input tool 100. Alternatively, if the first panel 1100 does not sense a touch of the input
tool 100, the control unit 1300 may receive information regarding the touch of the
input tool 100 from the second panel 1200, and may identify a touch location, a
moving direction, and a moving speed of the input tool 100 based on the received in-
formation.

The control unit 1300 may generate a magnetic field in a predetermined location of
the second panel 1200. The control unit 1300 may apply a voltage to a predetermined
coll included in the second panel 1200, and accordingly, the predetermined coil may
generate a magnetic field. The control unit 1300 may select a coil to which a voltage is
to be applied, based on a touch location, a moving direction, and a moving speed of the
input tool 100, and then may apply a predetermined voltage to the selected coil. In this
case, the control unit 1300 may determine whether to apply a positive voltage or a
negative voltage to the selected coil, with respect to a polarity of a magnetic field that

is generated by using the input tool 100.
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The control unit 1300 may determine and adjust a magnitude of a voltage to be
applied, based on at least one of the strength of a magnetic field that is generated by
using the input tool 100, and a moving speed of the input tool 100. For example, if the
strength of a magnetic field is great or a moving speed of the input tool 100 is high, the
control 1300 unit may increase the magnitude of a voltage to be applied to a coil of the
second panel 1200 to generate a strong magnetic field. Also, when the strength of a
magnetic field that is generated by using the input tool 100 is great or a moving speed
of the input tool 100 is high, the control unit 1300 may increase the number of coils to
which a voltage is to be applied.

The control unit 1300 may apply a voltage pulse having a predetermined period to a
coil included in the second panel 1200. While a voltage pulse having a predetermined
period is applied, when a voltage is applied to a coil, the coil may generate a magnetic
field; and when the voltage is not applied to a coil, the control unit 1300 may sense a
magnetic field that is generated by using the input tool 100 and an electric field in the
coil that is generated due to the generated magnetic field, by using the coil.

The control unit 1300 may adjust a period of a voltage pulse and the magnitude of a
voltage pulse, based on a touch location, a moving direction, and a moving speed of
the input tool 100. For example, if the strength of a magnetic field generated by using
the input tool 100 is great or a moving speed of the input tool 100 is high, the control
unit 1300 may increase the magnitude of a voltage pulse and reduce the period of the
voltage pulse.

When the second panel 1200 is smaller than the first panel 1100, the control unit
1300 may generate a magnetic field in the second panel 1200, and move the second
panel 1200 under the first panel 1100. The control unit 1300 may use the first panel
1100 to identify a touch location, a moving direction, and a moving speed of the input
tool 100, and then move the second panel 1200 under a portion of the first panel 1100
that is touched by using the input tool 100.

FIG. 4 illustrates the second panel 1200 and coils included in the second panel 1200
according to an embodiment of the present disclosure.

Referring to FIG. 4, the second panel 1200 may include the plurality of coils that
may generate a magnetic field. The wires may be arranged vertically and horizontally
on the second panel 1200, and the plurality of coils may be respectively disposed at
locations where the vertically arranged wires meet the horizontally arranged wires.

In addition, both ends of each coil may be respectively connected to the vertically
and horizontally arranged wires, and accordingly, the plurality of coils may be
controlled by using the respectively connected wires. For example, when a prede-
termined voltage is applied to a coil through the vertically and horizontally arranged

wires, the coil included in the second panel 1200 may generate a predetermined
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magnetic field. In this case, depending on whether a positive voltage or a negative
voltage is applied to the coil, magnetic fields having different polarities may be
generated in the coil. Also, the plurality of coils may include a predetermined dielectric
material.

A predetermined measurement apparatus (not shown) may be connected to the
vertically and horizontally arranged wires. The measurement apparatus may measure a
voltage of both ends of a coil and current flowing in the coil to identify properties of
the coil. For example, the measurement apparatus may identify a polarity and strength
of a magnetic field that is generated in a coil, but is not limited thereto.

FIGS. 5A and 5B illustrate a voltage pulse applied to the second panel 1200
according to an embodiment of the present disclosure.

According to an embodiment of the present disclosure, the device 1000 may use a
predetermined voltage application apparatus (not shown) to apply a voltage pulse
having a predetermined period, as shown in FIGS. 5A and 5B, to a predetermined coil
included in the second panel 1200.

Referring to FIG. 5A, when a voltage is applied to a coil, a predetermined magnetic
field may be generated in the coil. Also, when the voltage is not applied to a coil, the
control unit 1300 may sense or measure an electric field that is generated in the coil
due to a magnetic field, which is generated by using the input tool 100.

In addition, the device 1000 may adjust the strength of a voltage to be applied to a
coil and a period of a voltage pulse to be applied to the coil, based on the strength of an
electric field generated in the coil and a moving speed of the input tool 100. For
example, when the device 1000 is applying a voltage pulse having a period shown in
FIG. 5A to a coil, if a moving speed of the input tool 100 increases, the device 1000
may adjust a magnitude and a period of a voltage pulse and thus may apply a voltage
pulse having a period shown in FIG. 5B to the coil.

FIG. 6 illustrates a method by which the device 1000 determines a touch location, a
moving direction, and a moving speed of the input tool 100 according to an em-
bodiment of the present disclosure.

Referring to FIG. 6, a magnetic field may be generated within a predetermined range
10 formed around a touch location of the input tool 100. As a magnetic field is being
generated, electric fields may be generated in coils 60, 62, 64, and 66. Also, the control
unit 1300 may compare polarities and strengths of the electric fields respectively
generated in the coils 60, 62, 64, and 66, and thus may identify a touch location of the
input tool 100. For example, when the strength of an electric field formed by using the
input tool 100 is 40% in the coil 60, 17% in the coil 62, 30% in the coil 64, and 13% in
the coil 66, the control unit 1300 may estimate a touch location of the input tool 100

based on the respective locations of the coils 60, 62, 64, and 66 and the measured
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electric fields in the coils 60, 62, 64, and 66.

FIGS. 7A and 7B illustrate the device 1000 generating a magnetic field in the second
panel 1200 according to an embodiment of the present disclosure. The input tool 100
may have a positive magnetic polarity.

Referring to FIG. 7A, when the input tool 100 touches the device 1000 and is moved
in a direction 70, the device 1000 may generate a positive magnetic field in a prede-
termined coil disposed in the direction 70, with respect to an imaginary line 72 which
passes through a location touched by the input tool 100 and is perpendicular to the
direction 70. Alternatively, the device 100 may generate a negative magnetic field in a
predetermined coil disposed in the opposite direction of the direction 70 (i.e., direction
74), with respect to the imaginary line 72.

Referring to FIG. 7B, if the input tool 100 is moved in a direction 76 with respect to
the imaginary line 78 at a speed faster than a speed described with reference to FIG.
7A, the device 1000 may generate a magnetic field in more coils than described with
reference to FIG. 7A (e.g., a positive magnetic field in a predetermined coils disposed
in the direction 76 or a negative magnetic field in a predetermined coils disposed in the
direction of the direction 79).

FIGS. 8A through 10C illustrate examples in which the device 1000 generates a
magnetic field in the second panel 1200 when the input tool 100 moves diagonally on
the second panel 1200 according to an embodiment of the present disclosure. In FIGS.
8A through 10C, the input tool 100 may have a positive magnetic polarity.

Referring to FIG. 8A, when the input tool 100 moves diagonally in between wires
arranged in a grid pattern, the device 1000 may generate a negative magnetic field in a
coil disposed in a direction that the input tool 100 moves in (hereinafter, referred to as
“moving direction of the input tool 100”), and a positive magnetic field in a coil
disposed in a direction opposite to the moving direction of the input tool 100. Alter-
natively, the device 1000 may generate either a positive magnetic field, as shown in
FIG. 8B, or a negative magnetic field, as shown in FIG. 8C, in a coil disposed at a
location of the input tool 100.

Referring to FIG. 9A, when the input tool 100 moves diagonally in between the wires
arranged in a grid pattern, the device 1000 may generate a negative magnetic field in
three coils disposed in the moving direction of the input tool 100, and a positive
magnetic field in three coils disposed in a direction opposite to the moving direction of
the input tool 100. Alternatively, the device 1000 may generate either a positive
magnetic field, as shown in FIG. 9B, or a negative magnetic field, as shown in FIG.
9C, in a coil disposed in a location of the input tool 100.

Referring to FIG. 10A, when the input tool 100 moves diagonally in between the

wires arranged in a grid pattern, the device 1000 may generate a negative magnetic
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field in five coils disposed in the moving direction of the input tool 100, and a positive
magnetic field in three coils disposed in a direction opposite to the moving direction of
the input tool 100. Alternatively, the device 1000 may generate either a negative
magnetic field, as shown in FIG. 10B, or a positive magnetic field, as shown in FIG.
10C, in a coil disposed at a location of the input tool 100.

As the number of coils in which a magnetic field is generated increases, a stronger
repulsive force may be applied to the input tool 100. Accordingly, the device 1000 may
adjust the number of coils in which a magnetic field is generated, with respect to the
strength of a magnetic field generated by using the input tool 100 and a moving speed
of the input tool 100.

FIGS. 11A through 14C illustrate examples in which the device 1000 generates a
magnetic field in the second panel 1200 when the input tool 100 moves vertically on
the second panel 1200 according to an embodiment of the present disclosure. In FIGS.
11A through 14C, the input tool 100 may have a negative magnetic polarity.

Referring to FIG. 11A, when the input tool 100 moves vertically in between wires
arranged in a grid pattern, the device 1000 may generate a negative magnetic field in a
coil disposed in a moving direction of the input tool 100, and a positive magnetic field
in a coil disposed in a direction opposite to the moving direction of the input tool 100.
Alternatively, the device 1000 may generate either a negative magnetic field, as shown
in FIG. 11B, or a positive magnetic field, as shown in FIG. 11C, in a coil disposed at a
location of the input tool 100.

Referring to FIG. 12A, when the input tool 100 moves vertically in between wires
arranged in a grid pattern, the device 1000 may generate a negative magnetic field in
three coils disposed in the moving direction of the input tool 100, and a positive
magnetic field in three coils disposed in a direction opposite to the moving direction of
the input tool 100. Alternatively, the device 1000 may generate either a negative
magnetic field, as shown in FIG. 12B, or a positive magnetic field, as shown in FIG.
12C, in a coil disposed at a location of the input tool 100.

Referring to FIG. 13A, when the input tool 100 moves vertically in between wires
arranged in a grid pattern, the device 1000 may generate a negative magnetic field in
three coils disposed in the moving direction of the input tool 100; and generate a
positive magnetic field in three coils disposed in a direction opposite to the moving
direction of the input tool 100, and in two coils disposed adjacent to the input tool 100.
Alternatively, the device 1000 may generate either a negative magnetic field, as shown
in FIG. 13B, or a positive magnetic field, as shown in FIG. 13C, in a coil disposed at a
location of the input tool 100.

Referring to FIG. 14A, when the input tool 100 moves vertically in between wires

arranged in a grid pattern, the device 1000 may generate a negative magnetic field in
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three coils disposed in the moving direction of the input tool 100, and in two coils
disposed adjacent to the input tool 100; and generate a positive magnetic field in three
coils disposed in a direction opposite to the moving direction of the input tool 100. Al-
ternatively, the device 1000 may generate either a negative magnetic field, as shown in
FIG. 14B, or a positive magnetic field, as shown in FIG. 14C, in a coil disposed at a
location of the input tool 100.

As the number of coils in which a magnetic field is generated increases, a stronger
repulsive force may be applied to the input tool 100. Accordingly, the device 1000 may
adjust the number of coils in which a magnetic field is generated, with respect to the
strength of a magnetic field generated by using the input tool 100 and a moving speed
of the input tool 100.

FIG. 15 illustrates an example in which a separate magnetic field generation
apparatus 1210, which is included in the second panel 1200, is moved according to
another embodiment of the present disclosure.

Referring to FIG. 15, the magnetic field generation apparatus 1210 may be included
in the second panel 1200 according to another embodiment of the present disclosure.
The magnetic field generation apparatus 1210 may include the vertically and hori-
zontally arranged wires and the plurality of coils as described with reference to FIG. 4,
and perform the features of the second panel 1200 as described with reference to FIG.
3.

The magnetic field generation apparatus 1210 may be smaller than the first panel
1100, and may be moved under the input tool 100 as a touch location of the input tool
100 on the first panel 1100 is moved. The control unit 1300 may identify a location of
the input tool 100, move the magnetic field generation apparatus 1210 along a vertical
axis and a horizontal axis, and accordingly, move the magnetic field generation
apparatus 1210 to be under a touch location of the input tool 100. The control unit
1300 may use a motor or a belt to move the magnetic field generation apparatus 1210.

FIG. 16 illustrates an example in which a separate magnetic field generation
apparatus 1220, which is included in the second panel 1200, is moved according to
another embodiment of the present disclosure.

Referring to FIG. 16, the magnetic field generation apparatus 1220, which is
included in the second panel 1200, according to another embodiment of the present
disclosure, may be formed in a spherical shape, and a plurality of coils may be
arranged in a crisscross pattern from the center of the sphere toward a circumference of
the sphere. In addition, when the spherical magnetic field generation apparatus 1220
rotates, a magnetic field may be generated by the plurality of coils that are arranged in
a crisscross pattern. Also, the device 1000 may adjust a rotation direction and a

rotation speed of the magnetic field generation apparatus 1220 to adjust a polarity and
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strength of the generated magnetic field.

The magnetic field generation apparatus 1220 may include at least one of a stick-
shaped permanent magnet. When the magnetic field generation apparatus 1220 rotates,
a magnetic field may be generated by the permanent magnet.

The magnetic field generation apparatus 1220 may be smaller than the first panel
1100, and may be moved under the input tool 100 as a touch location of the input tool
100 on the first panel 1100 is moved. The control unit 1300 may identify a location of
the input tool 100, move the magnetic field generation apparatus 1220 along a vertical
axis and a horizontal axis, and accordingly, move the magnetic field generation
apparatus 1220 to be under a touch location of the input tool 100. The control unit
1300 may use a motor or a belt to move the magnetic field generation apparatus 1220.

FIG. 17 is a flowchart illustrating a method in which the device generates a magnetic
field on the second panel 1200 by responding to a touch input of the input tool 100
according to an embodiment of the present disclosure.

In operation S1700, the device 1000 identifies a touch location of the input tool 100
having magnetic properties. When the first panel 1100 senses a touch of the input tool
100, the device 1000 may identify a touch location of the input tool 100, based on in-
formation that is generated when the first panel 1100 senses a touch of the input tool
100. For example, if the first panel 1100 is an R-type touch screen or a C-type touch
screen, the first panel 1100 may sense a touch of the input tool 100.

Alternatively, when the first panel 1100 does not sense a touch of the input tool 100,
the device 1000 may identify a touch location of the input tool 100, based on in-
formation that is generated when the second panel 1200 senses a touch of the input tool
100. As the input tool 100 touches the first panel 1100, a magnetic field may be
generated in a predetermined region of the second panel 1200 due to the magnetic
properties of the input tool 100, and accordingly, a predetermined electric field may be
generated in a coil included in the second panel 1200 due to the generated magnetic
field. Also, the device 1000 may identify a location of the coil in which the electric
field is generated and the strength of the electric field generated in the coil, and thus
may identify the touch location of the input tool 100. Furthermore, the electric field
that is generated in the coil by using the input tool 100 having magnetic properties may
be sensed or measured while a voltage is not applied to the coils.

In operation S1702, the device 1000 may identify a moving direction and a moving
speed of the input tool 100 as a touch location of the input tool 100 is changed.

In operation S1704, the device 1000 identifies a polarity and strength of a magnetic
field generated by using the input tool 100. When the first panel 1100 senses a touch of
the input tool 100, the device 1000 may use the first panel 1100 to identify a polarity

and strength of a magnetic field.
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Also, when the first panel 1100 does not sense a touch of the input tool 100, the
device 1000 may use the second panel 1200 to identify a polarity and strength of a
magnetic field. As the input tool 100 touches the first panel 1100, a magnetic field may
be generated in a predetermined region of the second panel 1200 due to the magnetic
properties of the input tool 100, and accordingly, a predetermined electric field may be
generated in a coil included in the second panel 1200 due to the generated magnetic
field. Also, the device 1000 may identify a location of the coil in which the electric
field is generated and the strength of the electric field generated in the coil, and thus
may identify the touch location of the input tool 100. Furthermore, the electric field
that is generated in the coil by using the input tool 100 having magnetic properties may
be sensed or measured while a voltage is not applied to the coils.

In operation S1706, the device 1000 may apply a voltage to at least a portion of the
second panel 1200. The device 1000 may select at least some of the coils included in
the second panel 1200, based on a touch location, a moving direction, and a moving
speed of the input tool 100, and thus may apply a voltage to the selected coils. In this
case, the device 1000 may determine whether to apply a positive voltage or a negative
voltage to the selected coils, with respect to a polarity of a magnetic field that is
generated by using the input tool 100. Also, the device 1000 may apply a voltage pulse
having a predetermined period to the selected coils.

In operation S1708, the device 1000 adjusts a magnitude and a period of a voltage
pulse. The device 1000 may adjust the number of coils to which a voltage is applied
and a magnitude of the voltage, based on the strength of a generated magnetic field and
a moving speed of the input tool 100. When the device 1000 is applying a voltage
pulse, the magnitude and period of the voltage pulse may be adjusted.

FIG. 18 is a flowchart illustrating a method in which the device 1000 moves the
magnetic field generation apparatuses 1210 and 1220, which are included in the second
panel 1200, by responding to a touch input of the input tool 100 according to another
embodiment of the present disclosure.

In operation S1800, the device 1000 identifies a touch location of the input tool 100
having magnetic properties. The device 1000 may identify the touch location of the
input tool 100, based on information that is generated when the first panel 1100 senses
a touch of the input tool 100. For example, if the first panel 1100 is an R-type touch
screen or a C-type touch screen, the first panel 1100 may sense a touch of the input
tool 100.

In operation S1810, the device 1000 may identify a moving direction and a moving
speed of the input tool 100 as a touch location of the input tool 100 is changed.

In operation S1820, the device 1000 uses the first panel 1100 to identify a polarity
and strength of a magnetic field generated by using the input tool 100.
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In operation S1830, the device 1000 generates a magnetic field in the magnetic field
generation apparatuses 1210 and 1220. The device 1000 may determine a polarity of a
magnetic field to be generated in the magnetic field generation apparatuses 1210 and
1220, based on a polarity of a magnetic field that is generated by using the input tool
100.

When the magnetic field generation apparatus 1210 includes a plurality of coils
which are arranged in a grid pattern, the device 1000 may generate a magnetic field in
the magnetic field generation apparatus 1210 by applying a predetermined voltage to
the plurality of coils.

When the magnetic field generation apparatus 1220 is formed in a spherical shape,
and the plurality of coils are arranged in a crisscross pattern from the center of the
sphere toward a circumference of the sphere, the device 1000 may generate a magnetic
field by rotating the magnetic field generation apparatus 1220. Alternatively, when the
magnetic field generation apparatus 1220 includes at least one of a stick-shaped
permanent magnet, the device 1000 may generate a magnetic field by rotating the
magnetic generation apparatus 1220.

In operation S1840, the device 1000 adjusts a magnitude of a generated magnetic
field. The device 1000 may adjust the magnitude of the magnetic field generated in the
magnetic field generation apparatuses 1210 and 1220, based on the strength of the
generated magnetic field and a moving speed of the input tool 100.

In operation S1850, the device 1000 moves the magnetic field generation apparatuses
1210 and 1220. As the input tool 100 is moved, the device 1000 may move the
magnetic field generation apparatuses 1210 and 1220 to a location to which the input
tool 100 is moved or will be moved, according to a touch location, a moving direction,
and a moving speed of the input tool 100.

Various embodiments of the present disclosure may be implemented in the form of a
non-transitory computer-executable recording medium including commands such as a
computer-executable program module. A non-transitory computer-readable medium
may be an arbitrary medium that may be accessed by a computer, and includes volatile
and nonvolatile media and separable and non-separable media. Also, the non-transitory
computer-readable medium may include a computer recording medium and a commu-
nication medium. The non-transitory computer recording medium includes volatile and
nonvolatile media and separable and non-separable media that are embodied by using
an arbitrary method or technology for storing information such as a computer-readable
command, a data structure, a program module, or other data. The communication
medium generally includes a computer-readable command, a data structure, a program
module, other data of a modulated data signal, or other transmission mechanisms, and

the communication medium includes an arbitrary information transmission medium.
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While the present disclosure has been shown and described with reference various
embodiments thereof, it will be understood by those of skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

A touch input device comprising:

a first panel configured to be touched by an input tool having magnetic
properties;

a second panel configured to generate a magnetic field; and

a control unit configured to control the second panel to generate the
magnetic field in a portion of the second panel that is related to a
touched location of the first panel, as the input tool touches the first
panel.

The touch input device of claim 1, wherein as the input tool touches
and is moved along the first panel, the control unit is configured to
control the second panel to generate the magnetic field in the portion of
the second panel that is related to the touched location of the first panel,
based on a touch location and a moving direction of the input tool.

The touch input device of claim 2, wherein the control unit is
configured to control the second panel to generate the magnetic field,
which has the same polarity as a polarity of the input tool, in a portion
of the second panel that is in the moving direction of the input tool.
The touch input device of claim 2, wherein the control unit is
configured to control the second panel to generate the magnetic field,
which has a polarity opposite to a polarity of the input tool, in a portion
of the panel that is in the opposite direction of the moving direction of
the input tool.

The touch input device of claim 1,

wherein the second panel comprises a plurality of coils, and

wherein the control unit is configured to control to apply a voltage to at
least some of the plurality of coils to generate the magnetic field.

The touch input device of claim 5, wherein the control unit is
configured to control to apply a voltage pulse having a predetermined
period to at least some of the plurality of coils to generate the magnetic
field.

The touch input device of claim 6, wherein as the input tool touches
and is moved along the first panel, the control unit is configured to
adjust at least one of a period of the voltage pulse and a magnitude of
the voltage pulse, based on a moving speed of the input tool.

The touch input device of claim 5, wherein the control unit is

configured to identify a magnetic field that is generated in at least some
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of the plurality of coils as the input tool is touched, and to identify at
least one of a touch location, a moving direction, and a moving speed
of the input tool.

The touch device of claim &, wherein the control unit is configured to
control to apply a voltage pulse having a predetermined period to at
least some of the plurality of coils, and when a magnitude of the
applied voltage equals zero, the control unit is configured to identify at
least one of a touch location, a moving direction, and a moving speed
of the input tool.

The touch input device of claim 5, wherein the plurality of coils are
arranged in the second panel in a grid pattern.

The touch input device of claim 1, wherein the first panel comprises at
least one of a protective panel and a display panel.

A touch input device comprising:

a first panel configured to receive a touch input of an input tool having
magnetic properties;

a second panel configured to generate a magnetic field corresponding
to the input of the input tool; and

a control unit configured to control the second panel to generate the
magnetic field in a portion of the second panel that is related to a touch
input location, when the input tool contacts the first panel.

The touch input device of claim 12, wherein the control unit is
configured to receive information regarding a touch input from the first
panel, and to control the first panel to generate the magnetic field in the
portion of the second panel, based on the received information.

A touch input method comprising:

identifying a location of a first panel that is touched by an input tool
having magnetic properties; and

applying a voltage to a portion of a second panel that is related to the
identified touch location, as the input tool touches the first panel,
wherein a magnetic field is generated in the portion of the second panel
as the voltage is applied.

A non-transitory computer-readable recording medium having a

program thereon for executing the method of claim 14.
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