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FRONT SURFACE

(57) Abstract: Provided herein are an electronic
device and a method for controlling the electron-
ic device, the electronic device including a dis-
play including a main display area arranged on a
front surface of the electronic device and a sub
display area that extends from one side of the
main display area and arranged on at least one
area of a rear surface of the electronic device; a
receiver including audio output circuitry con-
figured to output audio received from an extern-
al terminal; a display antenna located on one or
more of the main display area and the sub dis-
play area, and configured to perform communic-
ation with an external terminal; and a processor
contigured to control the display antenna based
on a network state or a type of an application be-
ing executed.

REAR SURFACE
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Title of Invention: ELECTRONIC DEVICE AND METHOD FOR
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CONTROLLING THE ELECTRONIC DEVICE THEREOF

Technical Field

Apparatuses and methods of the present disclosure relate generally to an electronic
device, and a method for controlling the electronic device, and for example, to an
electronic device that includes a display antenna, and a method for controlling the

electronic device.

Background Art

Due to the advancement of electronic technologies, various types of electronic
devices are being used. Especially, a half round display is being developed, which is a
type of display that is expanded up to the rear surface of an electronic device by out
bending.

In the case of such an electronic device, the ratio of the size area of the display to the
size area of the electronic device is increased, thereby increasing the size area from
which a user may view the display. On the other hand, this reduces the space to place a
conventional antenna, which is a problem.

That is, it is necessary to come up with a method to arrange an antenna in an
electronic device that has a display expanded on not only the front surface but also on

the rear surface of the electronic device.
Disclosure of Invention

Solution to Problem

Therefore, the present disclosure addresses the aforementioned problems of con-
ventional technology by providing an electronic device having a display antenna on a
display arranged on a front surface or on a rear surface of the electronic device, and a
method for controlling the electronic device.

According to an example embodiment of the present disclosure, an electronic device
includes display including a main display area arranged on a front surface of the
electronic device and a sub display area that extends from one side of the main display
area and arranged on at least one area of a rear surface of the electronic device; a
receiver configured to output audio received from an external terminal; a display
antenna located on one or more of the main display area and the sub display area, said
display antenna configured to perform communication with an external terminal; and a
processor configured to control the display antenna based on a network state or a type
of an application being executed.

According to another example embodiment of the present disclosure, a method for
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controlling an electronic device including a display including a main display area
arranged on a front surface of the electronic device, and a sub display area extending
from one side of the main display area and arranged on at least one area of a rear
surface of the electronic device; and a display antenna located on at least one of the
main display area and the sub display area, said display antenna configured to perform
communication with an external terminal, the method comprising executing an ap-
plication; and controlling the display antenna based on a network state or a type of the

application being executed.

Advantageous Effects of Invention

According to the various aforementioned example embodiments, an electronic device
is capable of driving a display antenna based on whether or not a telephone call is
being made, a distance of a head of a user, performance of the antenna, orientation of
the electronic device, state of gripping the electronic device, and/or the application
being executed.
Brief Description of Drawings

The above and/or other aspects of the disclosure will be more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
in which like reference numerals refer to like elements, and wherein:

FIGs. 1A and 1B are diagrams illustrating an example of a structure of a display of
an electronic device;

FIG. 2A is a block diagram illustrating an example configuration of an electronic
device according to an example embodiment of the present disclosure;

FIG. 2B is a block diagram illustrating an example of a configuration of a display
device;

FIGs. 3A to 3D are diagrams illustrating examples of using one of a main display
area, a sub display area, and a round display area;

FIGs. 4A to 4F are diagrams illustrating examples of using at least two areas of a
main display area, a sub display area, and a round display area;

FIGs. 5A and 5B are diagrams illustrating each area and an example of an operation
based on a touch input;

FIG. 6 is a diagram illustrating an example arrangement structure of a display
antenna,

FIGs. 7A to 7C are diagrams illustrating an example of arrangement of an antenna in
an example embodiment in which there is one receiver;

FIGs. 8A to 8C are diagrams illustrating an example of arrangement of an antenna in
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an example embodiment in which there are two receivers;
FIG. 9 is a diagram illustrating an example of arrangement of antenna in an example

embodiment in which there are four receivers;

FIGs. 10A and 10B are diagrams illustrating an example of arrangement of an
antenna in an example embodiment in which t there is a display on both surfaces of the
electronic device;

FIGs. 11A to 11C are diagrams illustrating an example embodiment where a
telephone call acceptance/rejecting Ul is provided based on an orientation of the
electronic device in response to an incoming call request; and

FIG. 12 is a flowchart illustrating an example method of operating an electronic

device.

Best Mode for Carrying out the Invention

Although various example embodiments of the present disclosure are illustrated and
described herein for purposes of illustration, those of ordinary skill in the art would un-
derstand that modifications, equivalents, and/or alternatives of the described example
embodiments may be made in various different ways without departing from the spirit
or scope of the present disclosure. Accordingly, the drawings and description are
intended to be illustrative in nature and not restrictive, and like reference numerals
refer to like elements.

It will be understood that, although the terms first, second, etc. may be used herein to
describe various components, these components should not be limited by these terms.
These terms are only used to distinguish one component from another component, and
not to limit the order or significance of the components. For example, a first
component below could be termed a second component, and vice versa without
departing from the teachings of the disclosure.

Furthermore, one component (for example: a first component) being operatively or
communicatively coupled or connected to another component (for example: a second
component) should be understood as including cases where the component is indirectly
connected, or indirectly connected through another component (for example: a third
component). On the other hand, one component (for example: a first component) being
"directly connected" or "directly coupled” to another component (for example: a
second component) should be understood as a case where there is no other component
(for example: a third component) between those components.

The terms in the present disclosure are used to explain any example embodiment, and
thus may not be intended to limit the scope of another example embodiment. Fur-
thermore, in the present disclosure, singular expressions may have been used for the

sake of ease of explanation, but unless explicitly mentioned otherwise, the singular ex-
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pressions may be interpreted to include plural expressions. Furthermore, the terms used
in the present disclosure may have the same meanings as those generally understood to
those skilled in the related art. Of the terms used in the present disclosure, the terms
defined in normal dictionaries may be interpreted to have the same or similar meanings
in the context of the related art, and unless explicitly mentioned otherwise in the
present disclosure, the terms should not be interpreted idealistically or overly formally.
The terms defined in the present disclosure should not be interpreted to exclude the
example embodiments of the present disclosure.

Hereinafter, the present disclosure will be explained in greater detail with reference
to the drawings attached.

FIGs. 1A and 1B are diagrams illustrating an example of a structure of a display of
an electronic device 100.

The left side view of FIG. 1A illustrates a front surface of the electronic device 100,
and the right side view of FIG. 1A illustrates a rear surface of the electronic device
100. On the front surface of the electronic device 100, a front surface display is
arranged, and on the rear surface of the electronic device 100, a rear surface display is
arranged. The front surface display and the rear surface display may be connected to
each other, and the rear surface display may be smaller than the front surface display,
but without limitation. For example, the front rear surface display and the rear surface
display may be of a same size. Hereinafter, the front surface display will be referred to
as a main display area 10, and the rear surface display will be referred to as a sub
display area 20.

The left side view of the FIG. 1B illustrates a front surface view of a display where
the main display area 10, the sub display area 20, and the round display area 30 are
connected, and the right side view of FIG. 1B illustrates a rear surface view of the
display.

The sub display area 20 may extend from one side of the main display area 10 and be
arranged on at least one area of the rear surface of the electronic device 100. For
example, the sub display area 20 may extend such that it bends from an upper side of
the main display area 10. The bent area may have a curved shape, but without
limitation, and thus the bent area may have an angle depending on the type of the
display.

The round display area 30 is an area connecting the main display area 10 and the sub
display area 20. As mentioned above, the round display area 30 may have a curved
shape, or an angled shape. The round display area 30 may be of a curved surface shape
or an angled shape. The round display area 30 is divided into the main display area 10
and the sub display area 20 by a boundary line 30-1, 30-2. The round display area 30

may be expressed in various ways such as an edge display area, a curved display area
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the round display area 30 are displayed separately, but without limitation, and thus, the
sub display area 20 and the round display area 30 may form one sub display area.

Furthermore, as illustrated in FIG. 1B, the round display area 30 may be divided into
the main display area 10 and the sub display area 20 by the boundary line 30-1, 30-2.
Meanwhile, the boundary line 30-1, 30-2 illustrated in FIG. 1B is simply an example
embodiment, and thus the boundary line 30-1, 30-2 may be modified in various shapes.
Furthermore, the boundary line 30-1, 30-2 may be determined by the manufacturer of
the electronic device when manufacturing the electronic device, but it may be modified
by a user as well, or by an application being executed. As the boundary line 30-1, 30-2
is modified, the size area of the main display area 10, the sub display area 20 and the
round display area 30 may be modified, and the size area of a content being displayed
on each area may be modified as well.

Meanwhile, FIGs. 1A and 1B illustrate that the display covers an upper side of the
electronic device 100, but it is possible that the display covers one or more of a lower
side, left side, and right side of the electronic device 100. Furthermore, it is possible
that the display covers not just one side but a plurality of sides. For example, the
display may be realized to cover the upper side and the lower side of the electronic
device.

Hereinafter, a description of a structure where the sub display area 20 extends from
the main display area 10 via the round display area 30 that has a curved shape will be
provided. Furthermore, example embodiments where a display has other types of
structures will be described.

Furthermore, hereinafter, based on the direction from the main display area 10 and
the sub display 20 towards the round display area 30, its upper side will be referred to
as an upper side of the electronic device 100 and the opposite side thereof will be
referred to as a lower side of the electronic device 100. Furthermore, determining left
or right is based on the user viewing the display area. Therefore, the left and right side
of when the user views the main display area 10 will be opposite to the left and right
side of when the user views the sub display area 20.

FIG. 2A is a block diagram illustrating an example configuration of an electronic
device 100 according to an example embodiment of the present disclosure.

According to FIG. 2A, the electronic device 100 includes a display 110, a receiver
(e.g., including audio output circuitry) 120, a display antenna 130, and a processor 140.

The display 110 may include a main display area 10 arranged on a front surface of
the electronic device 100, a sub display area 20 that extends from one side of the main

display area 10 and arranged on at least one area of a rear surface of the electronic
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device 100, and a round display area 30 that connects the main display area 10 and the
sub display area 20, but without limitation. For example, the sub display area 20 may
be configured to cover an entirety of the rear surface of the electronic device 100,
instead.

Herein, the front surface and the rear surface are terms used for ease of explanation,
but there is not limitation thereto. For example, in a particular electronic device, the
front surface and the rear surface may be interpreted as one side and another side of the
electronic device. Furthermore, it was explained that the sub display area 20 extends
from one side of the main display area 10, but there is no limitation thereto. For
example, it may extend from all sides of the main display area 10 and cover an entirety
of the electronic device 100.

The sub display area 20 of the display 110 may extend such that it bends from an
upper side of the main display area 10 and arranged on an upper portion of the rear
surface. For example, when viewed from the side of the electronic device, the portion
connecting the main display area 10 and the sub display area 20 may form a curve that
looks like 'U’, but there is no limitation thereto. For example, when viewed from the
side of the electronic device, the portion connecting the main display area 10 and the
sub display area 20 may have an angle of 90° that may look like " in cross section.
Besides the aforementioned, the connection portion may be formed in various shapes
based on the shape of the electronic device 100.

The display 110 may display various kinds of Uls provided under the control of the
processor 140. For example, the display 110 may display a UI for reproducing a
content, a U for a telephone call, and the like. The display 110 may also display a
different content on each of the main display area 10, the sub display area 20, and the
round display area 30 under the control of the processor 140. For example, the display
110 may display a video on the main display area 10, an image on the sub display area
20, and a Ul for message transmission on the round display area 30.

The display 110 may operate at least two areas of the main display area 10, the sub
display area 20, and the round display area 30 in an interlocked manner to display a
content. For example, the display 110 may display a video on the main display area 10,
and display a UI for controlling the video on the sub display area 20. Furthermore, the
display 110 may display a Ul for providing a function that is irrelevant to the video on
the round display area 30.

The display 110 may display a same content on at least two areas of the main display
area 10, the sub display area 20 and the round display area 30. For example, the
display 110 may display a same content on the main display area 10 and on the sub
display area 20, and display a different content on the round display area 30.

The display 110 may be realized, for example, as a liquid crystal display (LCD)
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panel, an organic light emitting diode (OLED) display, or a plasma display panel
(PDP) and the like, but without limitation. The display 110 may be realized as a
transparent display, or a flexible display and the like.

The receiver 120 includes audio output circuitry configured to output audio received
from an external terminal. For example, in the case of having a telephone call with an
external terminal, the receiver 120 outputs voice of a counterpart of the call received
from the external terminal.

In this example, the receiver may be located on a front upper portion of the electronic
device 100. In the case where the display 110 covers an entirety of the front surface of
the electronic device 100, the receiver 120 may, for example, be realized as an os-
teophony speaker located under the display 110, but there is no limitation thereto.
Thus, a hole may be formed in the display 110 to output the audio received from the
external terminal instead.

In the aforementioned example embodiment, it was explained that there is only one
receiver 120, but there is no limitation thereto. There may be two or more receivers
120. When there are two receivers 120, the receivers 120 may, for example, each be
located on a front upper portion and on a rear upper portion of the electronic device
100. Furthermore, when there are four receivers 120, the receivers 120 may, for
example, each be located on a front upper portion, a front lower portion, a rear upper
portion, and a rear lower portion.

The display antenna 130 may be arranged on the display 110. For example, the
display antenna 130 may be arranged above or under a display panel of the display
110. The location of the display antenna 130 may be determined depending on the
location of the receiver 120. For example, the display antenna 130 may be located on
an opposite surface of the receiver 120 so as to be distanced from the head of a user.
For example, in the case where the receiver 120 is located on the front surface of the
electronic device 100, the display antenna 130 may be located on the sub display area
20 located on the rear surface of the electronic device 100. In another example, in the
case where the receiver 120 is located on the rear surface of the electronic device 100,
the display antenna 130 may be located on at least a portion of the main display area
10 on the front surface of the electronic device 100.

Furthermore, there may be a plurality of display antennas 130. For example, the
display antennas 130 may be located on a plurality of display areas of at least a portion
of the main display area 10, at least a portion of the sub display area 20, and the round
display area 30.

The display antenna 130 may be used in one or more wireless communication (for
example, Wi-Fi, 3GPPS, LTE, NFC and the like).

The processor 140 may be configured to control the overall operations of the



WO 2017/065470 PCT/KR2016/011322

[56]

[57]

[58]

[59]

[60]

electronic device 100.

For example, the processor 140 may be configured to control the display antenna 130
based on a network state or a type of an application being executed.

In an example embodiment, in the case where the receiver 120 is located on the front
surface of the electronic device 100, the display antenna 130 may be located on the sub
display area 20 on the rear surface of the electronic device 100, and a low end antenna
for communicating with an external terminal is located on a low end of the main
display area 10, the processor 140 may be configured to control the display antenna
130 to operate, when performing a voice call with an external terminal, as an antenna
for receiving voice data transmitted from the external terminal, and control the low end
antenna to operate as an antenna for receiving the voice data transmitted from the
external terminal and for transmitting the voice data of the electronic device 100 to the
external terminal. For example, the processor 140 may be configured to use the low
end antenna located far away from the head of the user as an RX/TX antenna, and use
the display antenna 130 located close to the head of the user as an RX antenna.

In this example, the processor 140 may be configured to determine a communication
state based on a state of gripping the electronic device by a current user and to control
the display antenna 130 and the low end antenna. For example, when it is determined
that the transmission/reception sensitivity of the low end antenna is below a prede-
termined value, the processor 140 may be configured to control the low end antenna to
operate as the antenna for receiving the voice data transmitted from the external
terminal, and to control the display antenna 130 as the antenna for receiving the voice
data transmitted from the external terminal and for transmitting the voice data of the
electronic device 100 to the external terminal. For example, the processor 140 may be
configured to use the display antenna 130 as the RX/TX antenna, and use the low end
antenna as the RX antenna, instead.

Furthermore, the processor 140 may be configured to control the display 110 to
provide a Ul for a telephone application on the main display area 10. For example, the
processor 140 may be configured to control the display 110 to provide the UI (for
example, a telephone number input UI element, call volume control Ul element and the
like) for a telephone application on the main display area 10 where the receiver 120 is
located.

In another example embodiment, in the case where the receiver 120 is located on a
front upper portion and on a rear upper portion of the electronic device 100, and the
display antenna 130 is located on an upper portion of the main display area 120 and on
the sub display area 20, the processor 140 may be configured to output audio through
one of a first receiver that is located on a front upper portion of the electronic device

100 and a second receiver located on a rear upper portion of the electronic device 200
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based on a state of gripping detected through a sensor, and then communicate with the
external terminal through the display antenna located on the opposite side of the
receiver from which the audio is being output. For example, in the case where the user
is gripping the electronic device 100 such that the front surface of the electronic device
100 touches the user's face, the processor 140 may output audio through the first
receiver located on the front surface, and perform communication with the external
terminal through the display antenna 130 located on the sub display area 20.

In this case, the processor 140 may be configured to control the display 110 to
provide a Ul for a telephone call application on the display area where the receiver
from which the audio is being output is located of the main display area 10 and the sub
display area 20. For example, in the case where the user is gripping the electronic
device 100 such that the front surface of the electronic device 100 touches the user's
face, the processor 140 may be configured to control the display 110 to provide the UI
for a telephone call application on the main display area 10 where the receiver from
which the audio is being output is located.

Furthermore, when a telephone call request is received from an external terminal, the
processor 140 may be configured to determine which surface of the electronic device
100 faces upwards based on the orientation of the electronic device 100 sensed through
the sensor, and may control the display 110 to display a UI element for receiving or
rejecting the telephone call on the display area corresponding to the determined
surface.

FIG. 2B is a block diagram illustrating, in greater detail, an example of a con-
figuration of the display device 100. According to FIG. 2B, the display device 100
includes a display 120, a receiver (e.g., including audio output circuitry) 120, a display
antenna 130, a processor 140, a storage 150, a GPS chip 155, a communicator (e.g.,
including communication circuitry) 160, a sensor 165, a user interface 170, an audio
processor 175, a video processor 180, a speaker 185, a button 190, a camera 191, and a
microphone 193. For the components of FIG. 2B that are the same as the components
illustrated in FIG. 2A, detailed explanation will be omitted.

The display 110 may be divided into a main display area 10, a sub display area 20,
and a round display area 30 as discussed above. The display 110 may be realized as
various types of displays such as a liquid crystal display (LCD) panel, an organic light
emitting diode (OLED) display, or a plasma display panel (PDP) and the like. In the
display 110, a driving circuit or a backlight unit such as an a-si TFT, a low temperature
poly silicon (LTPS) TFT, and an organic TFT (OTFT) may be included as well. Fur-
thermore, the display 110 may be combined with a touch sensor included in the sensor
165 and be realized as a touch screen.

In this case, the touch sensor may include at least one of a touch panel and a pen
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recognition panel. The touch panel may sense a finger gesture input by the user, and
output a touch event value corresponding to the sensed touch signal. The touch panel
may be mounted under at least one area of the main display area 10, the sub display
area 20, and the round display area 30 of the display 110. There are two ways for the
touch panel to sense a finger gesture input by the user: the capacitive method and the
resistive method.

The pen recognition panel may sense a pen gesture input by the user made by
operating a touch pen (for example, a stylus pen), or a digitizer pen, and output a pen
proximity event value or a pen touch event value. The pen recognition panel may be
mounted under at least one of the main display area 10, the sub display area 20, and the
round display area 30 of the display 110.

When having a telephone call with an external terminal, the receiver 120 includes
audio output circuitry configured to output the audio received from the external
terminal. In this case, one receiver 120 may be located on a front upper portion of the
electronic device 100, but this is merely an example embodiment. For example, the
receiver 120 may be located on another position on the electronic device 100 (for
example, on a rear upper portion and the like), or a plurality of receivers 120 may be
provided.

The display antenna 130 is mounted within the display 110 to perform commu-
nication with an external terminal. In this case, the display antenna 130 may be located
on at least one of the main display area 10, the sub display area 20, and the round
display area 30. For example, the display antenna 130 may be made of a transparent
indium tin oxide (ITO) or a flexible printed circuit board (FPCB).

Furthermore, on one surface of the electronic device 100, a plurality of display
antennas may be arranged to be used in a plurality of wireless communications. For
example, on the front surface of the electronic device 100, a display antenna for Wi-Fi
and a display antenna for 5G wireless communication may be arranged. In this case,
the display antenna for Wi-Fi may be arranged near the receiver 120, while the display
antenna for 5G wireless communication is arranged far away from the receiver 120.

The electronic device 100 may have another antenna on a lower end or on an upper
end of the electronic device 100 besides the display antenna 130.

The processor 140 is configured to control the overall operations of the electronic
device 100 using various programs stored in the storage 150.

For example, the processor 140 includes a RAM 141, a ROM 142, a main CPU 144,
a graphic processor 143, a first to n™ interface 145-1 ~ 145-n, and a bus 146.

The RAM 141, the ROM 142, the main CPU 144, the graphic processor 143, and the
first to n® interface 145-1 ~ 145-n may be connected to one another through buses 146.

The first to n® interface 145-1 to 145-n are connected to the various aforementioned
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components. One of the interfaces may be a network interface that is connected to an
external device through the network.

The main CPU 143 accesses the storage 150, and performs a booting using an O/S
stored in the storage 150. Furthermore, the main CPU 143 performs various operations
using various programs stored in the storage 150.

In the ROM 142, sets of commands for system booting and the like are stored. When
a turn-on command is input and power is supplied, the main CPU 144 copies the O/S
stored in the storage 150 to the RAM 141 according to the command stored in the
ROM 142, and executes the O/S to boot the system. When the booting is completed,
the main CPU 144 copies various application programs stored in the storage 150 to the
RAM 141, and executes the application programs copied in the RAM 141 to perform
various operations.

The graphic processor 143 creates a screen that includes various objects such as an
icon, an image, a text and the like using an operator part (not illustrated) and a
rendering part (not illustrated). The operator part (not illustrated) computes attribute
values such as a coordinate value, a shape, a size, a color, and the like for displaying
each object according to the layout of the screen based on the received control
command. The rendering part (not illustrated) creates screens of various layouts that
include objects based on the attribute values computed in the operator part (not il-
lustrated). The screen created in the rendering part (not illustrated) is displayed within
the display area of the display 110.

Meanwhile, the aforementioned operation of the processor 140 may be performed by
programs stored in the storage 150.

The storage 150 stores various data such as an O/S (Operating System) software
module for driving the electronic device 100, a contents reproducing module, a display
UI module of various applications and the like.

In this case, the processor 140 may process an input image and display the processed
image based on the information stored in the storage 150.

A global positioning system (GPS) chip 155 is a component for receiving a GPS
signal from a GPS satellite to compute a current location of the electronic device 100.
When using a navigation program or when the current location of the user is needed,
the processor 140 may compute the location of the user using the GPS chip 155.

The communicator 160 is a component including communication circuitry for com-
municating with various kinds of external devices according to various kinds of com-
munication methods. The communicator 160 includes various communication
circuitry, such as, for example, one or more of a Wi-Fi chip 161, a Bluetooth chip 162,
a wireless communication chip 163, an NFC chip 164 and the like. The processor 140

communicates with various kinds of external devices using the communicator 160.
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The Wi-Fi chip 161 and the Bluetooth chip 162 each perform communication in the
Wi-Fi method and the Bluetooth method, respectively. In the case of using the Wi-Fi
chip 161 or the Bluetooth chip 162, it is possible to transceive various pieces of
connecting information such as information on an SSID, a session key and the like, and
use the connecting information to make a connection, and then transceive various
kinds of information. The wireless communication chip 163 may refer, for example, to
a chip configured to perform communication according to various communication
standards such as IEEE, zigbee, 3G (3rd Generation), 3GPP (3rd Generation
Partnership Project), LTE (Long Term Evoloution), and the like. The near field com-
munication (NFC) chip 164 refers to a chip that operates in the NFC method that uses
13.56MHz band of among various RF-ID frequency bands such as 135kHz,
13.56MHz, 433MHz, 860~960MHz, 2.45GHz and the like.

Furthermore, the communicator 160 may perform unilateral communication or
bilateral communication with the electronic device. In the case of performing unilateral
communication, the communicator 160 may receive signals from the electronic device.
In the case of performing the bilateral communication, the communicator 160 may
receive signals from the electronic device, and/or transmit signals to the electronic
device.

Furthermore, the communicator 160 may include an antenna for performing various
wireless communication methods besides the display antenna 130.

Examples of the sensor 165 that may be used herein includes a touch sensor, a geo-
magnetic sensor, a gyro sensor, an acceleration sensor, a proximity sensor, a grip
sensor and the like. The sensor 165 may sense various manipulations such as a
rotation, an inclination, a pressure, an approach, a gripping and the like besides the
aforementioned touches.

The touch sensor may be realized as a capacitive touch sensor or a resistive touch
sensor. The capacitive touch sensor refers to a sensor configured to use a dielectric
material coated on the display surface to sense micro electricity that is excited to the
body of a user when the body part of the user touches the display surface so as to
compute a coordinate of the touch. The resistive touch sensor refers to a touch sensor
configured to sense a current that flows as an upper plate and a lower plate provided in
the electronic device 100 contact each other in response to the user touching the
display surface, and compute a coordinate of the touch. Besides the aforementioned, an
infrared sensing method, a surface ultrasonic conduction method, an integral tensile
measurement method, a piezo effect method and the like may be used to sense a touch
interaction.

Otherwise, the electronic device 100 may use a magnetic and a magnetic field sensor,

an optical sensor, or a proximity sensor and the like instead of the touch sensor to
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determine whether or not a touch object such as a finger or a stylus pen and the like
touched or approached the display surface.

The geomagnetic sensor is a sensor for sensing a rotated state or a direction of
movement of the electronic device 100. The gyro sensor is a sensor for sensing a
rotation angle of the electronic device 100. The electronic device 100 may have both
the geomagnetic sensor and the gyro sensor, but either one is sufficient to sense a
rotated state of the electronic device 100.

The acceleration sensor is a sensor for sensing an extent of inclination of the
electronic device 100.

The proximity sensor is a sensor for sensing an approaching motion of an object that
does not touch but just approaches the display surface. The proximity sensor may be
realized in various types of sensors including a high-frequency oscillation type sensor
that forms a high-frequency magnetic field to sense a current induced by the magnetic
field characteristics that change when an object approaches, a magnetic type sensor
that uses a magnet, and a capacitive sensor that senses a change in the capacitive
caused by an approaching object.

The grip sensor is a sensor that may, for example, be provided on a rear surface, cir-
cumference, or a handle part besides the touch sensor provided on the touch screen to
sense a grip by the user. The grip sensor may be realized as a pressure sensor instead of
a touch sensor.

The sensor 165 may sense a state of gripping made by the user, or an orientation of
the electronic device 100 through various sensors mentioned above.

The user interface 170 receives various user interactions. Herein, the user interface
140 may be realized in various forms depending on the embodiment type of the
electronic device 100. When the electronic device 100 is realized as a digital TV, the
user interface 170 may be realized as a remote control receiver that receives remote
control signals from a remote control, a camera that senses a motion of the user, a mi-
crophone that receives a voice of the user and the like. Furthermore, when the
electronic device 100 is realized as a touch based portable terminal, the user interface
170 may be realized as a touch screen having a mutual layered structure with a touch
pad. In this case, the user interface 170 may be used as the display 110 mentioned
above.

The audio processor 175 is a component for processing audio data. The audio
processor 175 may perform various processing operations such as decoding, am-
plifying, noise filtering and the like on the audio data.

The video processor 180 is a component for processing video data. The video
processor 180 may perform various image processing operations such as decoding,

scaling, noise filtering, frame rate conversion, resolution conversion and the like on the
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in the audio processor 175 but also various alarm sounds or voice messages and the
like. Herein, the speaker 185 may be located on a lower end or on the rear surface of
the electronic device 100, but this is a mere embodiment, and thus the speaker 185 may
be located in another area.

The button 190 may various types of buttons such as a mechanical button, a touch
pad, a wheel and the like provided on any area including the front surface, side part,
and rear surface on the exterior of the main body of the electronic device 100.

The camera 191 is a component for photographing a still image or a video according
to a control by the user. A plurality of cameras 191 may be provided as for example, a
front camera and a rear camera. Especially, the camera 191 may be used to photograph
a motion of a subject in control.

The microphone 193 is a component for receiving a user's voice or other sounds to
convert the received user's voice or other sounds into audio data.

Besides the aforementioned, although not illustrated in FIG. 2B, in some example
embodiments, the electronic device 100 may of course further include various kinds of
external input ports for connecting various kinds of external terminals such as a USB
port to which a USB connector may be connected, a headset, a mouse, a LAN and the
like, a digital multimedia broadcasting (DMB) chip for receiving and processing DMB
signals, various sensors and the like.

As aforementioned, the electronic device 100 may be realized as various kinds of
devices such as a mobile phone, a tablet PC, a laptop PC, a PDA, an MP3 player, an
electronic picture frame, a TV, a PC, a kiosk and the like. Therefore, the configuration
explained in FIG. 2B may be modified in various ways depending on the type of the
electronic device 100.

As aforementioned, the electronic device 100 may be realized in various forms and
configurations.

Hereinafter, explanation will be made on the basic configuration and on various
example embodiments to aid in understanding the present disclosure. FIGs. 3A to 3D
are diagrams illustrating an example where one of the main display area 10, the sub
display area 20, and the round display area 30 is used.

As illustrated in FIG. 3A, the processor 140 may determine an area to provide in-
formation based on the orientation of the electronic device 100. For example, the
processor 140 may provide information on the main display area when the main
display area 10 is oriented upwards, provide information on the sub display area when
the sub display area 20 is oriented upwards, and provide information on the round

display area 30 when the round display area 30 is oriented upwards.
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When the processor 140 is providing information on one area, it may not provide in-
formation on the other two areas.

The processor 140 may perform an operation of determining the area to provide in-
formation when there is a user input of pressing a power button. Otherwise, the
processor 140 may perform the operation of determining the area to provide in-
formation when a telephone call or a text message is received.

As discussed above, the area to provide information may be determined based on the
orientation of the electronic device 100, but there is no limitation thereto. For example,
the processor 140 may recognize the user and provide information through the area
that is near the viewpoint of the user.

In this case, the processor 140 may recognize the user using the camera 182. The
camera 182 may be provided on at least one of the front surface, the rear surface and
the round surface of the electronic device 100. Herein, the round surface refers to a
side near the round display area 30.

When the camera 182 is provided on at least one of the front surface, the rear surface
and the round surface of the electronic device 100, the processor 140 may determine
the area to provide information depending on whether or not the user is recognized.
For example, in the case where the camera 182 is provided only on the rear surface of
the electronic device 100, the processor 140 may provide information through the sub
display area 20 when the user is recognized, and provide information through at least
one of the main display area 10 and the round display area 30 when the user is not
recognized.

Different information may be provided depending on the application being executed.
For example, when a camera application is being executed, the processor 140 may
provide a live view screen. Otherwise, when a telephone function is being executed,
the processor 140 may provide a call receiving screen, an out-calling screen, a con-
versation screen and the like. Otherwise, when a message application is being
executed, the processor 140 may provide a message receiving screen, a message
contents screen, a message writing screen and the like.

Furthermore, even when the user's view is near the round display area 30, the
processor 140 may provide information on the main display area 10 or on the sub
display area 20.

Furthermore, when the user is not recognized, the processor 140 may provide in-
formation on the round display area 30 as illustrated in FIG. 3B. Otherwise, even when
the user is recognized, the processor 140 may provide information on the round display
area 30 when the user's view is not towards the electronic device 100, but there is no
limitation thereto. And thus the processor 140 may provide information on at least one

of the main display area and the sub display area 20. Otherwise, the processor 140 may
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not be providing information, and once the user is recognized or the user's view is
towards the electronic device 100, the processor 140 may then provide information.

Furthermore, the processor 140 may change the area to provide information as the
user touches an area that did not provide information. For example, when a user input
of sequentially touching an area of the sub display area 20 is received while in-
formation is being provided on the main display area 10, the processor 140 may
display the information that used to be displayed on the main display area 10 on the
sub display area 20.

Furthermore, as illustrated in FIG. 3C, the processor 140 may display the same in-
formation differently for different areas. For example, the processor 140 may display a
UI of a lock screen on the main display area 10, the sub display area, and the round
display area 30, differently from one another. As illustrated in FIG. 3A, the processor
140 may change the area to display the information.

In this case, the areas may have different lock release patterns. Otherwise, the
processor 140 may provide different lock release methods for different areas. For
example, the processor 140 may provide a pattern lock screen as that illustrated in FIG.
3C for the main display area, a password release screen for the sub display area 20, and
a fingerprint lock screen for the round display area 30.

FIG. 3C illustrates the case of a lock screen, but the same may be applied to other ap-
plications as well. For example, in the case of a camera application, various setting
menus may be provided on the main display area 10 besides a preview image. In this
case, when the area to display information is changed to the sub display area 20, the
processor 140 may control the display 110 to display only the preview image on the
sub display area 20. Otherwise, when the area to display information is changed to the
round display area 30, the processor 140 may control the display 110 to display only
the setting menus on the round display area 30.

Furthermore, as illustrated in FIG. 3A, the processor 140 may change the layout of
the home screen differently for different display areas. Changing the layout of the
home screen will be explained in detail hereinafter.

Otherwise, the processor 140 may control the display 110 to, when a telephone call
or a text message is received, display a related Ul on a display area to which the user's
view is oriented. Otherwise, besides the aforementioned application, the processor 140
may display different Uls for each of the main display area 10, the sub display area 20,
and the round display area 30, regarding a video application, a music application and
the like as well.

Furthermore, as illustrated in FIG. 3D, the processor 140 may change the area to
provide information when the direction of the electronic device 100 changes. For

example, when the electronic device 100 is rotated by or more than a predetermined
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angle with the home screen displayed on the main display area 10, the processor 140
may control the display 110 to display the home screen on the sub display area 20.

FIG. 3D illustrates the case where the display area has been changed from the main
display area 10 to the sub display area 20, but there is no limitation thereto. For
example, the processor 140 may determine the round display area 30 to be the display
area depending on the rotation direction, rotation angle and the like.

Furthermore, when the direction of the electronic device 100 is changed and thus the
display area is changed, the processor 140 may change the layout of the information to
be provided. For example, as illustrated in FIG. 3D, the home screen of the main
display area 10 includes time information, a general application and a dock bar ap-
plication, but the home screen of the sub display area 20 may include only the time in-
formation and the dock bar application.

In FIG. 3D, the general application is not included in the sub display area 20, but
there is no limitation thereto. For example, when the area to provide information is
changed, the processor 140 may change not only the object, but also the size, content,
and layout of the object as well.

When the area to display information is reduced, the processor 140 may either not
provide a portion of an object, or reduce the size of the object. Otherwise, the
processor 140 may change the layout and reduce the gap between the objects so that
more objects can be displayed.

Meanwhile, when the direction of the electronic device 100 is changed and thus the
display area is changed, the processor 140 may change the operation state of the ap-
plication that is being executed and provide it on another display area. For example,
when the direction of the electronic device 100 is changed with a message indicating
that a telephone call or a text message has been received being displayed on the main
display area 10, the processor 140 may control the display 110 to display a UI in-
dicating that a telephone call is connected or the text message on the sub display area
20 or on the round display area 30.

Otherwise, when the direction of the electronic device 100 is changed with a camera
application being executed and thus a preview being displayed on the main display
area 10, the processor 140 may control the display 110 to display a previously pho-
tographed image on the sub display area 20.

Furthermore, when the direction of the electronic device 100 is changed, the
processor 140 may control the display 110 to divide the displayed information and
display the divided information on different display areas. For example, when the
direction of the electronic device 100 is changed with the camera application executed
and a preview and a setting menu of the camera application displayed on the main

display area 10, the processor 140 may control the display 110 to display the preview
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on the sub display area 20 and the setting menu on the round display area 30, re-
spectively.

FIGs. 4A to 4F are diagrams illustrating examples where at least two of the main
display area 10, the sub display area 20, and the round display area 30 are being used.

As illustrated in FIG. 4A, the processor 140 may provide information that related to
each other on two areas of the main display area 10, the sub display area 20, and the
round display area 30. For example, the processor 140 may control the display 110 to
display a video on the main display area 10, and a Ul for controlling the video on the
round display area 30. In this case, the processor 140 may control the display 110 not
to display information on the sub display area 20.

Otherwise, when the camera application is executed, the processor 140 may display a
preview on the main display area 10, and display a setting menu on the round display
area 20.

As illustrated in FIG. 4B, the processor 140 may provide two pieces of information
that are not related to each other on two areas of the main display area 10, the sub
display area 20, and the round display area 30. For example, the processor 140 may
control the display 110 to display a video on the main display area 10, and display a Ul
for receiving a telephone call on the round display area 30. The processor 140 may
control the display 110 not to provide information on the sub display area 20.

Otherwise, as illustrated in FIG. 4A, when a telephone call is received with a Ul for
controlling a video displayed on the round display area 30, the processor 140 may
control the display 110 to display a UI for receiving a telephone call on the round
display area 30 and move the UI for controlling a video to the sub display area 20 and
display the UI for controlling a video on the sub display area 20.

When a Ul for receiving a telephone call is touched and thus the telephone call is
connected, the processor 140 may display a UI for telephone conversation on the round
display area 30, and continue replaying the video. In this case, the processor 140 may
mute the volume of the video. Otherwise, the processor 140 may temporarily pause the
video.

Otherwise, when the UI for receiving a telephone call is touched and thus the
telephone call is connected, the processor 140 may display a UI for telephone con-
versation on the main display area 10, and stop the video, and control the display 110
to display replay information on the round display area 30.

FIGs. 4A and 4B illustrate the case of using a video application, but there is no
limitation thereto. For example, the processor 140 may operate in the same manner
when using another type of application such as the camera application.

FIGs. 4A and 4B illustrate the method of using the main display area 10 and the
round display area 30, but a method of using the main display area 10 and the sub
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display area 20, and a method of using the sub display area and the round display area
30 may be the same, and thus detailed explanation will be omitted.

Furthermore, as illustrated in FIG. 4C, the processor 140 may provide related in-
formation using all the main display area 10, the sub display area 20, and the round
display 30. For example, the processor 140 may control the display 110 to display a
video on the main display area 10, a UI for controlling the video on the sub display
area 20, and a Ul indicating the time point of replaying the video on the round display
area 30.

Otherwise, the processor 140 may provide pieces of information that are not related
to one another using all the main display area 10, the sub display area 20, and the
round display area 30. For example, the processor 140 may control the display 110 to
display a video on the main display area 10, a text message on the sub display area 20,
and the state of the electronic device 100 such as the state of a battery on the round
display area 30.

Otherwise, the processor 140 may provide pieces of information that are related to
each other on two areas of the main display area 10, the sub display area 20, and the
round display area 30, and provide unrelated information on the remaining area.

Furthermore, as explained with reference to FIGs. 3A to 3D, when the direction of
the electronic device 100 is changed, the processor 140 may change the display area of
the information being displayed in each area. For example, the processor 140 may
control the display 110 to display the information being displayed on the main display
area 10 on the sub display area 20, the information being displayed on the sub display
area 20 on the round display area 30, and the information being displayed on the round
display area 30 on the main display area 10. In this case, the processor 140 may control
the display 110 to change the layout of the information being displayed on each area
and display the information on other areas.

Otherwise, the processor 140 may combine or divide the information being displayed
on each area and change the area to display the combined or divided information. For
example, the processor 140 may control the display 110 to divide the information
being displayed on the main display area 10 and display the divided information on the
sub display area 20 and on the round display 30, and control the display 110 to display
the information displayed on the sub display area 20 and the round display area 30 on
the main display area 10.

Furthermore, when a telephone call is received at a state such as that illustrated in
FIG. 4C, the processor 140 may control the display 110 to display a UI for receiving a
telephone call on the sub display area 20, and to move a Ul for controlling a video to
the round display area 30 and display the UI for controlling the video, as illustrated in

FIG. 4D. In this case, the user may make a decision whether or not to receive the
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telephone call while watching the video displayed on the main display area 10.

Otherwise, the processor 140 may display the Ul for receiving a telephone call on the
round display area 30. In this case, the user may continue watching the video displayed
on the main display area 10.

Furthermore, as illustrated in FIG. 4E, when a touch input is received on the sub
display area 20, the processor 140 may control the display 110 to display the UI
displayed on the sub display area 20 on the main display area 10. For example, when
the user touches the sub display area 20 at a state like FIG. 4C, the processor 140 may
control the display 110 to display a Ul for controlling the video of the sub display area
20 on the main display area 10. The view on the bottom right of FIG. 4E is an il-
lustration for the sake of ease of explanation, and thus the user may actually touch the
sub display area 20 and perform the aforementioned operations without changing the
direction of the electronic device while watching the video of the main display area 10.

The processor 140 may control the display 110 to display the UI for controlling a
video such that the UI overlaps the main display area 10. Furthermore, the processor
140 may control the replay of the video according to a user manipulation of addi-
tionally touching the sub display area 20. That is, the user may touch the UI displayed
on the sub display area 20 without directly looking at the Ul of the sub display area 20.

Meanwhile, when a touch input is received on the main display area 10, the processor
140 may display the Ul displayed on the main display area 10 on at least one of the sub
display area 20 and the round display area 30. Especially, when the main display area
10 and the sub display area 20 are of the same size, the processor 140 may display the
UI displayed on the main display area 10 on the sub display area 20.

Meanwhile, according to FIG. 4F, even when adjusting a same setting value, it is
possible to vary the adjustment extent of the setting value depending on which area of
the main display area 10, the sub display area 20, and the round display area 30, the
touch manipulation relates to. For example, when a drag manipulation regarding the
main display area 10 is input with a video displayed on the main display area 10, the
processor 140 may adjust the replay time or volume and the like according to the
direction of the drag manipulation. Furthermore, the processor 140 may adjust the
replay time or volume and the like with only the drag manipulation of the sub display
area 20. In this case, the processor 140 may adjust the replay time or volume and the
like more minutely when the drag manipulation is for the sub display area 20 than for
the main display area 10.

GUIs 410, 420 for indicating directions illustrated in FIG. 4F are used for the sake of
convenience, but in some cases, the GUIs 410, 420 may be displayed on a display area.
For example, when there is a touch by the user, the processor 140 may control the

display 110 to display GUIs of four directions based on the touched point.
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FIGs. 4A to 4F merely illustrate an example embodiment, without limitation. For
example, the main display area 10, the sub display area 20, and the round display area
30 of FIGs. 4A to FIG. 4F may be replaced among one another. Furthermore, the video
application and the telephone application in FIGs. 4A to 4F may be replaced with other
applications.

FIG. 5A and FIG. 5B are diagrams illustrating an example of each of the areas and
operations based on a touch input.

As illustrated in FIG. 5A, when there is a drag input from one area of the main
display area 10 towards the round display area 30, the processor 140 may control the
display 110 to display the information being provided on the main display area 10 on
the sub display area 20 instead.

The processor 140 may control the display 110 to display the information being
provided on the main display area 10 on the sub display area 20 instead only when
there is a drag input of or greater than a predetermined size.

When there is information being provided on the sub display area 20 before a drag
input is made, the processor 140 may control the display 110 not to provide the in-
formation being provided on the sub display area 20 any longer. Otherwise, the
processor 140 may control the display 110 to display the information being provided
on the sub display area 20 on the main display area 10 or on the round display area 30
instead.

Otherwise, when there is a drag input from one area of the sub display area 20
towards the round display area 30, the processor 140 may control the display 110 to
display the information being provided on the sub display area 20 on the main display
area 10 instead.

Meanwhile, a similar operation may be performed through an area that is not
providing any information. For example, when there is a drag input from the round
display area 30 to one area of the main display area 10 with no information being
provided from the main display area 10 but information being provided from the sub
display area 20, the processor 140 may control the display 110 to display the in-
formation being provided on the sub display area 20 on the main display area 10.

Otherwise, when there is a drag input from the round display area 30 to one area of
the sub display area 20 with the main display area 10 providing information but the sub
display area 20 not providing any information, the processor 140 may control the
display 110 to display the information being provided on the main display area 10 on
the sub display area 20.

FIG. 5A illustrates the case of using the main display area 10 and the sub display area
20 only, but there is no limitation thereto. For example, the processor 140 may control

the display 110 to display the information being provided on one of the main display
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area 10 and the sub display area 20 on the round display area 30 based on the type of
the user input. Otherwise, the processor 140 may control the display 110 to display the
information being provided on the round display area 30 on one of the main display
area 10 and the sub display area 20 instead.

Furthermore, as illustrated in FIG. 5B, the processor 140 may receive a touch input
even when information is not being provided on a certain area. For example, then there
is a user input of dragging the round display area 30 with a broadcasting content
displayed on the main display area 10, the processor 140 may change the channel or
volume of the broadcasting content. In this case, the round display area 30 may not be
providing information. In another example, when there is a user input of dragging the
sub display area 20 with a broadcast content displayed on the main display area 10, the
processor 140 may change the channel or volume of the broadcasting content.

Hereinafter, explanation will be made in greater detail on various example em-
bodiments for arranging the display antenna 130, and on the method for the processor
140 controlling the display antenna 130.

FIG. 6 is a diagram illustrating an example structure of arrangement of a display that
includes a display antenna according to an example embodiment of the present
disclosure.

Referring to FIG. 6, the display 600 that includes a display antenna may include a
touch panel 610, a display panel 620, an antenna sheet 630, a magnetic property sheet
640, a radiation sheet 650, and a noise blocking sheet 660.

The touch panel 610 may sense a user's touch, and output a signal regarding the
user's touch sensed by a main circuit board not illustrated herein.

The display panel 620 may be arranged under the touch panel 610. The display panel
620 may output image signals from the main circuit board not illustrated herein.

The antenna sheet 630 may be arranged under (for example: on a lower surface) of
the display panel 620. The antenna sheet 630 may include at least one antenna. The
antenna sheet 630 may be used in at least one wireless communication (for example:
Wi-Fi, 3GPPS, LTE, 5@, near field communication (NFC)). At least one antenna of the
antenna sheet 630 may have the shape of a loop. At least one antenna of the antenna
sheet 630 may be realized as an Flexible Printed Circuit Board (FPCB) or an Indium
Tin Oxide (ITO). The main circuit board may receive a wireless signal from the
antenna sheet 630, convert the received wireless signal into a baseband signal, and
process the converted baseband signal. The main circuit board may generate a
baseband signal, convert the generated baseband signal into a wireless signal, and
transmit the converted wireless signal in the air through the antenna sheet.

The magnetic property sheet 640 may be arranged under the antenna sheet 630 (for

example: on a lower surface). The magnetic property sheet 640 may be arranged
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between the antenna sheet 630 and a peripheral metal (or ground) (for example:
housing, radiation sheet 650, or noise blocking sheet 660 and the like). The magnetic
property sheet 640 may induce an electromagnetic field from the antenna sheet 630,
and prevent an eddy current from being generated in the peripheral metal by the elec-
tromagnetic field from the antenna sheet 630. The electromagnetic field may be
transmitted to the magnetic property sheet 640, and the high resistance (high per-
meability or high electric wave specific absorption rate) may prevent an eddy current
from being generated in the peripheral metal. Since no eddy current is generated in the
peripheral metal, the electromagnetic field may be concentrated on the front of the
screen without being generated on the opposite direction, and the short distance
wireless communication (for example: NFC communication) may not deteriorate. That
is, the magnetic property sheet 640 may keep the magnetic field far away from the pe-
ripheral metal. Furthermore, the magnetic property sheet 640 may amplify a short
distance wireless communication signal (for example: NFC signal) and broaden the
radius distance for receiving a signal in the antenna sheet 630. The magnetic property
sheet 640 may include a ferrite sheet.

The radiation sheet 650 (for example: graphite sheet) may be arranged under (for
example: lower surface) the magnetic property sheet 640. The radiation sheet 650 may
be arranged between the antenna sheet 630 and the magnetic property sheet 640. The
radiant sheet 650 may diffuse the heat generated from the display 110 evenly on the
entirety of the surface and prevent the heat concentration phenomenon. The radiant
sheet 650 may include a thin film metal tape having a high heat conductivity.

The noise blocking sheet 660 (for example: Electro Magnetic Interference (EMI)
blocking sheet, EMI blocking tape or EMI blocking paint and the like) may be
arranged under (for example: lower surface) of the radiant sheet 650. The noise
blocking sheet 660 may prevent unnecessary electromagnetic signals and any in-
terruption to receiving desirable electronic signals.

Meanwhile, the configuration disclosed in FIG. 6 is merely an example embodiment,
and thus a portion of the configuration disclosed in FIG. 6 may be removed, or ad-
ditional configuration may be added. Furthermore, in another example embodiment,
the order of arrangement of the configuration disclosed in FIG. 6 may be modified.

FIGs. 7A to 7C are diagrams illustrating an example of arrangement of an antenna
when there is one receiver.

As illustrated in FIG. 7A, a receiver (e.g., including audio output circuitry) 710 may
be located on a front upper end of the electronic device 100, and a display antenna 720
may be located on a rear upper end of the electronic device 100, and a lower end
antenna 730 may be located on a lower end of the electronic device 100. Furthermore,

in the example embodiment of FIG. 7A, the sub display area 20 may be formed to
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extend from the main display area 10 to the upper end of the electronic device 100.

In this case, in consideration of the distance between the antennas 720, 730 and the
user, the processor 140 may control the antenna that is distant from the user to operate
as the RX/TX antenna, and control the antenna that is close to the user to operate as the
RX antenna. For example, the processor 140 may control the antenna 720 to operate as
the antenna for receiving the voice data transmitted from an external terminal and for
transmitting the voice data of the electronic device 100 to the external terminal (that is,
RX antenna).

Furthermore, the processor 140 may change the RX/TX antenna and the RX antenna
in consideration of the state of the network (for example, Specific Absorption Rate
(SAR)). For example, the processor 140 may determine the network state depending on
the state of gripping by the user. For example, in the case where the user is gripping a
lower end of the electronic device 100 through the sensor 165, the processor 140 may
determine the network state of the lower end antenna 730. When it is determined that
the network state is not good (that is, when it is determined that the transmission /
reception sensitivity of the lower end antenna is below a predetermined value), the
processor 140 may control the lower end antenna 730 to operate as the RX antenna,
and control the antenna 720 to operate as the RX/TX antenna.

That is, the processor 140 may control the antennas 720, 730 in consideration of the
distance between the antenna and the head of the user, state of gripping by the user, the
network state and the like.

In another example embodiment, as illustrated in FIG. 7B, a receiver 740 may be
located on a front upper end of the electronic device 100, and a display antenna 750
may be located on a lower end of the electronic device 100, and an upper end antenna
760 may be located on an upper end of the electronic device 100. Meanwhile, in the
example embodiment of FIG. 7B, the sub display area 20 may have been formed to
extend from the main display area 10 towards a lower end direction of the electronic
device 100.

Herein, the processor 140 may control the upper end antenna 760 that performs voice
calls with an external terminal to operate as the antenna for receiving the voice data
transmitted from the external terminal (that is, RX antenna), and may control the
display antenna 750 to operate as the antenna for transmitting the voice data of the
electronic device 100 to the external terminal (that is, RX/TX antenna).

Furthermore, the processor 140 may change the RX/TX antenna and the RX antenna
in consideration of the network state (for example, Specific Absorption Rate, SAR).
That is, when it is determined that the network state is not good (that is, when it is de-
termined that the transmission/reception sensitivity of the display antenna 750 is below

the predetermined value), the processor 140 may change the display antenna 750 to
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operate as the RX antenna, and change the upper end antenna 760 to operate as the
RX/TX antenna.

In another example embodiment, as illustrated in FIG. 7C, a receiver 770 may be
located on a front upper end of the electronic device 100, and a first display antenna
780 may be located on a rear upper end of the electronic device 100, and a second
display antenna 790 may be located on a lower end of the electronic device 100.
Meanwhile, in an embodiment of FIG. 7C, the sub display area 20 may have been
formed to extend from the main display area 10 to an upper end or a lower end
direction of the electronic device 100.

Herein, the processor 140 may control a first display antenna 780 to operate as the
antenna for receiving the voice data transmitted from an external terminal (that is, RX
antenna), and control a second display antenna 790 to operate as the antenna for
transmitting the voice data of the electronic device 100 (that is, RX/TX antenna). Fur-
thermore, when it is determined that the network state is not good (that is, when it is
determined that the transmission/reception sensitivity of the second display antenna
790 is below the predetermined value), the processor 140 may change the second
display antenna 790 to operate as the RX antenna, and change the first display antenna
780 to operate as the RX/TX antenna.

FIGs. 8A to 8C are diagrams illustrating an example of an arrangement of antennas
when there are two receivers.

As illustrated in FIG. 8A, on a front upper end and on a rear upper end of the
electronic device 100, a first receiver (e.g., including audio output circuitry) §10-1 and
a second receiver (e.g., including audio output circuitry) 810-2 may be located, and on
a front upper end and on a rear upper end of the electronic device 100, a first display
antenna 820-1 and a second display antenna §20-2 may be located, and on a lower end
of the electronic device 100, a lower end antenna 8§30 may be located. Meanwhile, in
an example embodiment of FIG. §A, the sub display area 20 may have been formed to
extend from the main display area 10 to an upper end direction of the electronic device
100.

Herein, the processor 140 may detect a state of the user gripping the electronic device
100 through the sensor 165. For example, the processor 140 may determine which of
the front surface and the rear surface of the electronic device 100 touches the head of
the user based on the detected the state of gripping by the user. Furthermore, the
processor 140 may output audio through, for example, audio output circuitry of one of
the first receiver 810-1 and the second receiver 810-2 of the electronic device 100
based on the result of determination, and perform communication with an external
terminal through the display antenna located on the opposite side of the receiver from

which audio is being output.
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For example, when it is determined that the front surface of the electronic device 100
touches the head of the user, the processor 140 may output the audio received from the
external device through the first receiver 8§10-1, and perform communication with the
external terminal through the second display antenna 820-2 located on the sub display
area 20 located on the opposite side of the first receiver 810-1. Herein, as explained
with reference to FIG. 7A, the processor 140 may control the lower end antenna 830 to
operate as the RX/TX antenna, and control the second display antenna §20-2 to operate
as the RX antenna.

Furthermore, when it is determined that the rear surface of the electronic device
touches head of the user, the processor 140 may output the audio received from the
external device through the second receiver 810-2, and perform communication with
the external terminal through the first display antenna 820-1 located on the main
display area 10 located opposite to the second receiver §20. Herein, as explained with
reference to FIG. 7A, the processor 140 may control the lower end antenna 830 to
operate as the RX/TX antenna, and control the first display antenna 820-1 to operate as
the RX antenna.

Furthermore, as explained with reference to FIG. 7A, the processor 140 may control
the RX/TX antenna and the RX antenna to exchange operations with each other
according to the network state. For example, in the case where the lower end antenna
830 operates as the RX/TX antenna, and the first display antenna 820-1 operates as the
RX antenna, when the transmission/reception sensitivity of the lower end antenna 830
deteriorates to below the predetermined value, the processor 140 may change the first
display antenna 820-1 to operate as the RX/TX antenna and change the lower end
antenna 8§30 to operate as the RX antenna.

In another example embodiment, as illustrated in FIG. 8B, a first receiver 8§40-1 and
a second receiver 840-2 may be located on a front upper end and on a rear upper end of
the electronic device 100, and a display antenna 850 may be located on a lower end of
the electronic device 100, and an upper end antenna 8§60 may be located on an upper
end of the electronic device 100. Meanwhile, in the example embodiment of FIG. 8B,
the sub display area may have been formed to extend from the main display area 10 to
a lower end direction of the electronic device 100.

Herein, as illustrated in FIG. 8A, the processor 140 may sense a state of gripping by
the user, and output to one of the first receiver 840-1 and the second receiver §40-2 the
audio received from an external terminal. For example, when it is determined that the
front surface of the electronic device 100 touches the head of the user, the processor
140 may output the audio received from the external device through the first receiver
840-1. In another example, when it is determined that the rear surface of the electronic

device 100 touches the head of the user, the processor 140 may output the audio
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received from the external device through the second receiver 840-2.

Herein, the processor 140 may control the upper end antenna 860 to operate as the
antenna for receiving the voice data transmitted from the external terminal (that is, RX
antenna), and control the display antenna 850 as the antenna for transmitting the voice
data of the electronic device to the external terminal (that is, RX/TX antenna).

Furthermore, when it is determined that the transmission/reception sensitivity of the
display antenna 750 is below a predetermined value, the processor 140 may change the
display antenna 850 to operate as the RX antenna, and change the upper end antenna
860 to operate as the RX/TX antenna.

In another example embodiment, as illustrated in FIG. 8C, a first receiver §70-1 and
a second receiver 870-2 may be located on a front upper end and on a rear upper end of
the electronic device 100, and a first display antenna 880-1 and a second display
antenna 8§80-2 may be located on a front upper end and on a rear upper end of the
electronic device 100, and a third display antenna 890 may be located on a lower end
of the electronic device 100. Meanwhile, FIG. 8C illustrates that the sub display area
20 is formed to extend form the main display area 10 to an upper end and a lower end
direction of the electronic device 100.

Herein, the processor 140 may detect a state of gripping by the user through the
sensor 165. For example, the processor 140 may determine which of the front surface
and the rear surface of the electronic device 100 touches the head of the user based on
the detected state of gripping by the user. Furthermore, when it is determined that the
front surface of the electronic device 100 touches the head of the user, the processor
140 may output the audio received from the external device through the first receiver
870-1, and perform communication with the external terminal through the second
display antenna 880-2 located on the sub display area 20 located on the opposite of the
first receiver 8§70-1. Herein, as explained with reference to FIG. 7A, the processor 140
may control the third display antenna 890 to operate as the RX/TX antenna, and
control the second display antenna 880-2 to operate as the RX antenna.

Furthermore, when it is determined that the rear surface of the electronic device 100
touches the head of the user, the processor 140 may output the audio received from the
external device through the second receiver 870-2, and perform communication with
the external terminal through the first display antenna 880-1 located on the main
display area 10 located opposite to the second receiver 8§70-2. Herein, as explained
with reference to FIG. 7A, the processor 140 may control the third display antenna §90
to operate as the RX/TX antenna, and control the first display antenna 880-1 to operate
as the RX antenna.

Furthermore, as explained with reference to FIG. 7A, the processor 140 may control

the RX/TX antenna and the RX antenna to exchange operations according to the
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network state.

FIG. 9 is a diagram illustrating an example of arrangement of antennas when there
are four receivers.

As illustrated in FIG. 9, on an upper end of the front and the rear surface of the
electronic device 100 and on a lower end of the front and the rear surface of the
electronic device 100, a first receiver 910-1 to a fourth receiver 910-4 may be located,
respectively, and on an upper end of the front surface and the rear surface of the
electronic device 100 and on a lower end of the front surface and the rear surface of the
electronic device 100, a first display antenna 920-1 to a fourth display antenna 920-4
may be located, respectively. Meanwhile, in the example embodiment of FIG. 9, the
sub display area 20 may have been formed to extend from the main display area 10 to
the upper end and the lower end direction of the electronic device 100.

In this case, the processor 140 may detect a state of gripping of the electronic device
100 by the user through the sensor 165. That is, the processor 120 may determine
which receiver of the electronic device 100 touches an ear of the user based on the
detected state of gripping by the user. Furthermore, the processor 140 may output
audio through one of the first receiver 910-1 to the fourth receiver 910-4 of the
electronic device 100 according to the result of determination, and perform commu-
nication with an external terminal through the display antenna located on the opposite
surface and opposite side of the receiver through which the audio is being output.

For example, when it is determined that a front upper portion of the electronic device
100 touches the head of the user, the processor 140 may output the audio received from
the external device through the first receiver 910-1, and perform communication with
the external terminal through the fourth display antenna 920-4 located on the opposite
surface and opposite side of the first receiver 810-1. In this case, the processor 140
may control the fourth display antenna 920-4 to operate as the RX/TX antenna, and
control the remaining display antenna to operate as the RX antenna.

Furthermore, as explained with reference to FIG. 7A, the processor 140 may control
the RX/TX antenna and the RX antenna to exchange operations. For example, when
the transmission/reception sensitivity of the lower end antenna 830 falls below the pre-
determined value while the fourth display antenna 920-4 operates as the RX/TX
antenna, and the remaining display antenna 820-1 operates as the RX antenna, the
processor 140 may control the second display antenna 920-2 located on an upper
portion of the opposite side of the first receiver 910-1 that currently performs a
telephone call to operate as the RX/TX antenna, and control the remaining display
antenna to operate as the RX antenna.

Consequently, the processor 140 may select the antenna to operate as the RX/TX

antenna from the antennas arranged on the opposite side of the receiver that is in use
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during a telephone call with an external terminal based on the distance from the head
of the user and the network state. For example, an antenna that is the farthest away
from the head of the user or an antenna with a good network state may be given a high
priority.

Meanwhile, in the aforementioned example embodiment, the main display area 10
and the sub display area 20 are integrated into one display, but this is merely an
example embodiment, and thus the main display area 10 and the sub display area 20
may be realized as separate displays. For example, as illustrated in FIG. 10A and FIG.
10B, on the front surface of the electronic device, a display providing the main display
area may be arranged, and on the rear surface of the electronic device 20, a display
providing a sub display area may be arranged. Herein, the electronic device 100 may
operate in a similar manner as explained hereinabove. That is, the electronic device
100 illustrated in FIG. 10A may operate in the same manner as the electronic device
100 illustrated in FIG. 8A, and the electronic device 100 illustrated in FIG. 10B may
operate in the same manner as in FIG. 9. 1010-1, 1010-2, 1010-3 and 1010-4 refer to
respective receivers and 1020-1, 1020-2, 1020-3 and 1020-4 refer to respective display
antennas.

Meanwhile, in the aforementioned embodiment, the display antenna is located on an
upper portion or on a lower portion of one surface of the electronic device, but this is a
mere embodiment. The display antenna may be located on a left side or on a right side
of one surface of the electronic device.

Furthermore, on one surface of the electronic device 100, a plurality of display
antennas that support a plurality of wireless communication may be arranged. For
example, on an upper portion of the main display area 10 of the electronic device 100,
a display antenna that supports a first wireless communication may be located, and on
a lower portion of the main display area 10 of the electronic device 100, a display
antenna that supports a second wireless communication may be located. Herein, the ar-
rangement locations of the plurality of display antennas may be determined according
to their usages. For example, a display antenna that supports Wi-Fi wireless commu-
nication is generally used when using a web browser, and thus it has nothing to do with
its distance from the head of the user, and thus the display antenna may be arranged
near the receiver 120. However, a display antenna that supports LTE or 5G wireless
communication should not be close to the head of the user, and thus such a display
antenna may be arranged far away from the receiver 120.

Furthermore, when the receiver 120 is located on the front surface and the rear
surface of the electronic device 100, the processor 140 may use the display antenna
located on the opposite surface of the receiver 120 being used. For example, in the case

where the receiver located on the front surface of the electronic device is being used,
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the processor 140 may use the display antenna located on the rear surface, and in the
case where the receiver located on the front surface of the electronic device is being
used, the processor 140 may use the display antenna located on the front surface.

Furthermore, the processor 140 may drive the display antenna according to the type
of application currently being executed. For example, in the case where a web browser
application is currently being executed, the processor 140 may perform communication
using the display antenna located near the receiver 120. Furthermore, in the case where
a telephone call application is currently being executed, the processor 140 may
perform communication using the display antenna located far away from the receiver
120.

Meanwhile, in the case of receiving a telephone call from an external terminal, the
processor 140 may determine the current orientation of the electronic device 100, and
control the display 110 to provide a UI for receiving/rejecting a telephone call on the
surface that faces upwards.

For example, in the case where the front surface of the electronic device 100 faces
upwards as illustrated in FIG. 11A, the processor 140 control the display 110 to
provide a Ul for receiving/rejecting a telephone call 1110 on the main display area 10,
as illustrated in FIG. 11A. In another example, in the case where the rear surface of the
electronic device 100 faces upwards, the processor 140 may control the display 110 to
provide a Ul for receiving/rejecting a telephone call 1120 on the sub display area 20, as
illustrated in FIG. 11B. In another example, in the case where a top surface portion of
the electronic device 100 faces upwards, the processor 140 may control the display 110
to provide a Ul for receiving/rejecting a telephone call 1130 on the round display area
20 located on the top surface, as illustrated in FIG. 11C.

Herein, Uls 1110, 1120, and 1130 may have different layouts. That is, the Uls 1110,
1120, and 1130 may have different number of components, different relative locations
between the components, and different display formats of the components.

Furthermore, when a user manipulation is necessary while performing a telephone
call with an external terminal, the processor 140 may control the display 110 to
provide a Ul for a telephone call application on the display on the surface where the
receiver currently outputting the audio is located. For example, when audio is being
output through a receiver located on the front surface while performing a telephone
call with the external terminal, the processor 140 may control the display 110 to
provide a Ul for a telephone call application (for example, volume adjustment, entering
number buttons, voice recording and the like) on the main display area 10.

FIG. 12 is a flowchart illustrating an example method for controlling the electronic
device 100. Meanwhile, the electronic device 100 explained with reference to FIG. 12

may be one of the electronic devices explained with reference to FIGs. 1 to 11C
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being executed may, for example, be a telephone call application, web browsing ap-
plication and the like.

Furthermore, the electronic device 100 controls a display antenna based on the type
of application being executed or the network state (S1220). For example, the electronic
device 100 may drive the display antenna with a good network state as the RX/TX
antenna, and drive the display antenna with a poor network state as the RX antenna.
Furthermore, in the case where the type of the application currently being executed is a
telephone application, the electronic device 100 may perform a telephone call with the
external terminal using the display antenna located far away from the receiver 120.
Furthermore, in the case where the type of the application currently being executed is a
web browsing application, the electronic device 100 may perform a telephone call with
the external terminal using the display antenna located close to the receiver 120.

According to the aforementioned various example embodiments, the electronic
device 100 may drive a display antenna based on whether or not there is a telephone
call, the distance from the head of the user, the performance of the antenna, the ori-
entation of the electronic device, the state of gripping by the user, the application being
executed and the like.

Meanwhile, these methods according to the aforementioned various example em-
bodiments may be programmed and stored in various storage media. Accordingly, the
aforementioned various example embodiments may be realized in various types of
electronic devices.

For example, a non-transitory computer readable medium for storing a program
configured to perform the aforementioned controlling method may be provided.

The non-transitory computer readable medium refers to a computer readable medium
that is configured to store data. For example, the various aforementioned applications
or programs may be stored in and provided through a non-transitory computer readable
medium such as a CD, a DVD, a hard disc, a blue-ray disc, a USB, a memory card, a
ROM and the like.

The foregoing example embodiments and advantages are merely examples and are
not to be construed as limiting the disclosure. The present teaching can be readily
applied to other types of apparatuses. Also, the description of the example em-
bodiments is intended to be illustrative, and not to limit the scope of the claims, and
many alternatives, modifications, and variations will be apparent to those skilled in the
art.
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Claims

An electronic device comprising:

a display comprising a main display area arranged on a front surface of
the electronic device and a sub display area extending from one side of
the main display area and arranged on at least one area of a rear surface
of the electronic device;

a receiver comprising audio output circuitry configured to output audio
received from an external terminal;

a display antenna located on one or more of the main display area and
the sub display area, the display antenna configured to perform commu-
nication with an external terminal; and

a processor configured to control the display antenna based on one or
more of a network state or a type of an application being executed.
The device according to claim 1,

wherein the receiver is located on the front surface of the electronic
device, and

the display antenna is located on the sub display area on the rear
surface of the electronic device.

The device according to claim 2,

further comprising a low end antenna located on a low end of the
electronic device, and configured to perform communication with the
external terminal,

wherein the processor is configured to control the display antenna to
operate as an antenna for receiving voice data transmitted from the
external terminal, while performing a voice call with the external
terminal, and to control the low end antenna to operate as an antenna
for receiving the voice data transmitted from the external terminal and
for transmitting the voice data of the electronic device to the external
terminal.

The device according to claim 3,

wherein the processor is configured to control the low end antenna to
operate as the antenna for receiving the voice data transmitted from the
external terminal when a transmission/reception sensitivity of the low
end antenna is less than a predetermined value, and to control the
display antenna to operate as the antenna for receiving the voice data
transmitted from the external terminal and for transmitting the voice

data of the electronic device to the external terminal.
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The device according to claim 2,

wherein the processor is configured to control the display to provide a
UI for a telephone application on the main display area.

The device according to claim 1,

wherein the receiver is located on the rear surface of the electronic
device, and

the display antenna is located on at least a portion of the main display
area of the front surface of the electronic device.

The device according to claim 1,

wherein the receiver is located on a front upper portion and on a rear
upper portion of the electronic device, respectively, and

the display antenna is located on an upper portion of the main display
area and on the sub display area.

The device according to claim 7,

further comprising a sensor configured to sense a state of gripping the
electronic device,

wherein the processor is configured to output the audio through one of
a first receiver located on the front upper portion of the electronic
device and a second receiver located on the rear upper portion of the
electronic device based on the state of gripping detected by the sensor,
and to perform communication with the external terminal through a
display antenna located opposite to the receiver through which the
audio is being output.

The device according to claim 8§,

wherein the processor is configured to control the display to provide a
UI for a telephone application on a display area where the receiver
from which the audio is being output is located on the main display
area and the sub display area.

The device according to claim 1,

further comprising a sensor configured to sense an orientation of the
electronic device,

wherein the processor is configured to determine which surface of the
electronic device faces upwards based on the orientation of the
electronic device sensed by the sensor when a telephone call request is
received from the external terminal, and to control the display to
display a UI element for receiving a telephone call or rejecting the
telephone call on a display area corresponding to the determined

surface.
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A method for controlling an electronic device comprising a display
including a main display area arranged on a front surface of the
electronic device, and a sub display area extending from one side of the
main display area and arranged on at least one area of a rear surface of
the electronic device; and a display antenna located on at least one of
the main display area and the sub display area, and configured to
perform communication with an external terminal, the method
comprising:

executing an application; and

controlling the display antenna based on one or more of a network state

or a type of the application being executed.
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