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Description

Title of Invention: DISPLLAY DEVICE

Technical Field
Provided is a display device and a bending assembly configured to bend the display

device.
Background Art

The present disclosure relates to a display device and method of changing a curvature
of the display screen to improve user’s immersion while viewing the display screen.

A display device may be a Liquid Crystal Display Device (LCD), a Plasma Display
Panel (PDP), an Electro Luminescent Display (ELD), and a Vacuum Fluorescent
Display (VFD). Display devices may also include 3-D imaging technology. With pro-
liferation and advancement in digital technology, improvements in display technology

to provide content to users is needed.

Disclosure of Invention

Technical Problem

Development of the display device to improve user's immersion while viewing the
display screen is required.
Solution to Problem

Embodiments provide a display device having a structure capable of improving
user’s immersion.

In one embodiment, a display device includes: a display unit displaying an image;
and a bending assembly bending the display unit.

The bending assembly may include a bending actuator applying force to the display
unit and a bending control unit controlling an operation of the bending actuator.
Advantageous Effects of Invention

According to and embodiment of the present disclosure, user's immersion while
viewing the display screen can be improved. In addition, bending amount of the

display screen can be easily controlled.

Brief Description of Drawings
The embodiments will be described in detail with reference to the following
drawings in which like reference numerals refer to like elements wherein:
Figure 1 is a view illustrating a shape of a display module according to an em-
bodiment of the present disclosure;

Figure 2 is a view illustrating a shape of a display module and a back cover
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according to an embodiment of the present disclosure;

Figures 3A and 3B are views illustrating a portion of a display device according to an
embodiment of the present disclosure;

Figures 4 to 6 are cross-sectional views illustrating a portion of a display device
according to an embodiment of the present disclosure;

Fig 7 is a plan view illustrating a coupling structure of a back cover and a printed
circuit board;

Figures 8A and 8B are sectional views of a second fastener;

Fig 9 is a sectional view of a third fastener;

Fig 10 is a separate perspective view of a third fastener;

Figures 11A and 11B are views illustrating a partial configuration of a display device
according to another embodiment of the present disclosure;

Figure 12 is a cross-sectional view illustrating a partial configuration of a display
device according to another embodiment of the present disclosure;

Figures 13 to 15B are views illustrating a partial configuration of a display device
according to another embodiment of the present disclosure;

Figures 16 to 17 are views illustrating a partial configuration of a display device
according to another embodiment of the present disclosure;

Figure 18 is a view when a sliding member is applied and Figure 19 is a view of an
individual sliding member;

Figures 20A and 20B are views illustrating a partial configuration of a display device
according to another embodiment of the present disclosure;

Figure 21A is a view illustrating a display module, a back cover, and a bending
actuator according to an embodiment of the present disclosure;

Figure 21B is a view when Figure 21A is bent;

Figure 22 is a view illustrating a direction of force applied between parallel straight
currents;

Figure 23 is a view illustrating a display module, a back cover, and a bending
actuator according to another embodiment of the present disclosure;

Figure 24A is a view illustrating a flat cross section of Figure 23;

Figure 24B is a view when Figure 24A is bent;

Figure 25 is a view illustrating a display module, a back cover, and a bending
actuator according to another embodiment of the present disclosure;

Figure 26 is a view illustrating a flat cross section of Figure 25;

Figure 27 is a view illustrating a display module, a back cover, and a bending
actuator according to another embodiment of the present disclosure;

Figure 28 is a sectional view of a bi-metal;

Figure 29 is a plan view illustrating a back cover and a display module of Figure 27;
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Figure 30 is a view illustrating a bending actuator according to another embodiment

of the present disclosure;
Figure 31 is a view illustrating a bending actuator according to another embodiment

of the present disclosure;

Figure 32 is a view illustrating a bending actuator according to another embodiment
of the present disclosure;

Figure 33 is a view illustrating a plan view of Figure 32;

Figures 34 to 36 are views illustrating a bending actuator according to another em-
bodiment of the present disclosure; and

Figure 37 is a sectional view illustrating a coupling structure of a first shaft and a

second shaft.

Best Mode for Carrying out the Invention

The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features will be apparent from the description and
drawings, and from the claims.

Hereinafter a display device according to embodiments of the present disclosure will
be described in more detail with reference to the drawings. Hereinafter, each of em-
bodiments described herein may be modified in various forms, and the technical range
of the present disclosure is not limited thereto. Moreover, the form and size of each of
components shown in the drawings may be exaggerated for clarity of illustration.

Figure 1 is a view illustrating a bending shape of a display module according to the
present disclosure. The display module 11 (also display panel) equipped in a display
device may bend in a curved shape with a constant curvature R. For example, in
relation to the curved shape of the display module 11, the curvature R may be set to
allow the distances d1, d2, and d3 between a user’s viewing position P and the front
side of a panel to have the same or similar value, and the display module 11 may have
a shape that is bent depending on the set curvature R.

Accordingly, while viewing an image displayed on a display device, user’s
immersion in the displayed content may be improved, and especially, when viewing a
3D image, user’s immersion may be drastically improved by the curved shape of the
display module 11. Moreover, the display module 11 displaying an image may include
a self light emitting panel such as an OLED panel, or may include a panel that is not a
self light emitting panel such as an LCD panel or a PDP panel and a backlight unit
emitting light to the panel.

Hereinafter, merely for ease in description, the display module 11 is depicted as a
self light emitting Organic Light Emitting Device (OLED) panel that uses an OLED as
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an example. The OLED has a structure in which an organic light emitting layer of a
functional thin film form is inserted between an anode electrode and a cathode
electrode. Holes are injected from the cathode electrode and electrons are injected from
the anode electrode so that the electrons and holes are combined to form excitons in
the organic light emitting layer and then, the excitons are recombined to emit light

As a method of realizing a full color organic light emitting display, there are an in-
dependent light emitting method, a color filter method, and a color conversion method.
The independent light emitting method realizes R, G, and B by thermally depositing a
light emitting material of each of R, G, and B with a metal shadow mask having a
detailed pattern. The color filter method realizes R, G, and B by forming a white light
emitting layer and patterning an R, G, and B color filter. The color conversion method
forms a blue light emitting layer and realizing R, G, and B by using a color conversion
layer changing blue into green and red. However, it should be appreciated that a
display module of the present disclosure is not limited to an OLED panel, and as
mentioned above, various flat panel display modules such as an LCD module, a PDP
module, an FED module, or another appropriate type of display may be applied to the
present disclosure.

The display module 11 may be a flat panel display module 11 having a curvature
close to 0°, and the flat panel display module 11 may be bent by a back cover 12. Thus,
the display module 11 may have a curved shape having the constant curvature R as
shown in Figure 1.

Figure 2 is a sectional view illustrating a configuration of a display device according
to the present disclosure. As shown in Figure 2(a), the display module 11 may be the
flat panel display module 11. As shown in Figure 2(b), the back cover 12 disposed at
the rear of the display module 11 may be bent by applying a force to the display
module 11. Therefore, as shown in Figure 2(c), the display module 11 and the back
cover 12 may be bent together. While Figure 2 illustrates only the display module 11
and the back cover 12 among components of the display device according to an em-
bodiment of the present disclosure, the display device may further include various
components not illustrated.

Here, the back cover 12 may be a single plate-shaped member coupled to the rear of
the display module 11 and may be formed of a material having elasticity to be bent
forward. For example, the back cover 12 may be formed of Carbon Fiber-reinforced
Plastic (CFRP). The back cover 12 may be disposed at the rear of the display module
11 and may serve to protect the display module 11. The back cover 12 may also be
used to bend the display module 11 by applying physical force to the display module
11. However, the back cover 12 is not necessarily formed of a single plate-shaped

member, and thus, may be formed of a plurality of plate-shaped members or an
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assembly in which another configuration is coupled to a plurality of plate-shaped
members.

Additionally, in the present disclosure, although the back cover 12 having the ap-
proximately same area as the display module 11 is shown in the drawing, this il-
lustrates just a conceptual shape to describe the bending shape of the back cover 12
and the display module 11. The actual back cover 12 may have a vertical or horizontal
width that is shorter or longer than that of the display module 11. That is, the shape and
size of the back cover 12 is not limited to the drawing.

Moreover, the center of the back cover 12 in the lateral direction and the display
module 11 may be fixed, and other parts other than the center may be installed not to
restrain movement forward or backward. Therefore, when the back cover 12 and the
display module 11 are bent, the left and right edges may move front to back.

However, the back cover 12 and the display module 11 may be installed so that the
front to back movements of both lateral ends are restrained and the center of the
display in the lateral direction may move front to back. In this case, the back cover 12
and the display module 11 may be bent.

Moreover, a display device according to an embodiment of the present disclosure
may include a bending assembly that bends a display unit 10 by applying physical
force to the display unit 10. The bending assembly may include a bending actuator and
a bending control unit that controls the bending actuator. Here, the display unit 10 may
include the above-mentioned display module 11 and back cover 12. Moreover, the
display unit 10 may further include a middle cover 13 between the display module 11
and the back cover 12.

In addition, the bending actuator as used herein may also refer to a device that
produces mechanical force through use of various types of energy sources such as
electricity or hydraulic pressure. The bending actuator may be provided in various
shapes as described with various embodiments below.

The bending control unit may control operations of the bending actuator. For
example, when the bending actuator is an elastic member, for example being formed of
a shape memory alloy, the bending control unit adjusts the amount of current applied
to the shape memory alloy to adjust a temperature change of the shape memory alloy,
so that a length change of the shape memory alloy may be controlled. Moreover, when
the bending actuator is a sensitive heat tube surrounded by conductive wire, elec-
tromagnet, bimetal, piezoelectric element, or heat wire, operations of the bending
actuator may be controlled. This will be described later in each embodiment.

Hereinafter, with reference to Figures 3A to 37, specific embodiments of a display
device including the combined above-mentioned configurations according to the

present disclosure will be described in more detail.
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Hereinafter, a configuration of a display device according to one embodiment of the
present disclosure will be described with reference to Figures 3A to 10. Figures 3A to
10 schematically illustrate only a configuration relating to the bending of the display
module 11 merely for ease of description of a structure and principle for bending a
display device. However, it should be appreciated that the display device may include
various other configurations besides the shown configuration.

First, referring to Figures 3A, 3B, and 4, the display device may include the display
module 11, the back cover 12 coupled to the rear of the display module 11, and the
bending assembly bending the back cover 12. Here, the bending assembly includes a
elastic members. The elastic member may be formed of, for example, a shape memory
alloy (SMA).

SMA is an alloy using shape memory and superplastic properties appearing in a
metal transformed from austenite to martensite. When a specific shape is memorized in
austenite of a high temperature state and then cooled to low temperature, martensite
transformation occurs, and residual stress is formed in the tissue. Therefore, the
specific shape is transformed. Then, when being heated again at an austenite tem-
perature, the transformed specific shape is restored to its original shape.

Accordingly, when current flows in an SMA set to be restored to an original shape at
a predetermined temperature, the SMA serves as resistance and temperature increases.
Therefore, the SMA returns to its original shape and size according to temperature
increase. At this point, the SMA may be set to increase or decrease its length at an
increased predetermined temperature.

Moreover, the bending assembly may include a bending actuator that applies
physical force to the back cover 12 and a bending controller (also bending control unit)
that controls operations of the bending actuator. Here, the bending actuator may
include an SMA 31 and the bending control unit may control a length change of the
SMA 31.

The SMA 31 may be provided in a rod shape extending in the left and right di-
rections, and may be attached to the backside of the back cover 12. For reference, the
front side of the back cover 12 is a side facing the display module 11 and its backside
is the opposite side. The rod shape may have various cross-sections, such as a round or
rectangular cross-section. For example, the SMA 31 may have a cylindrical or wire
shape.

The SMA 31 may be provided in plurality, horizontally in parallel to each other. The
SMA 31 may be provided to maintain a predetermined length at a room temperature
and when the temperature rises more than a set temperature, its length extends.

At this point, the rise in the temperature may be achieved by power supply that is

controlled by the bending control unit. Accordingly, once power is supplied by the
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bending control unit, a resistance of the SMA 31 causes the temperature to rise. As the
temperature rises, the length of the SMA 31 extends laterally, in the left and right di-
rections.

When the length of the SMA 31 increases, the back cover 12 may bend and both the
left and right ends of the display module 11 may protrude toward the front relative to
the center of the display module 11, and its center may have a concave shape. At this
point, an angle at which the back cover 12 bends may be adjusted by controlling an
amount of current through the SMA 31.

When the back cover 12 is bent, the both left and right ends of the back cover 12
applies pressures to the left and right edge of the backside of the display module 11,
and the display module 11 is concavely bent toward the front. Therefore, user’s
immersion in the viewed image or perception may be enhanced.

Moreover, as shown in Figure 5, a recess may be formed to receive the SMA 31. For
example, a groove-shaped receiving unit for receiving the SMA 31 may be formed
concave from the backside toward the front at the rear of the back cover 12 and the
SMA 31 may be received therein.

Additionally, as shown in Figure 6, the SMA 31 may be buried in or encapsulated in
the back cover 12. The depth of the SMA 31 in the back cover 12 may be provided
such that it is positioned toward the rear side of the back cover 12 relative to a center
depth of the back cover 12, as illustrated. In this case, the SMA receiving unit may be a
space where the SMA 31 in the back cover 12 is disposed. The SMA may be insert-
molded together with the back cover 31.

A printed circuit board (PCB) may be coupled to the rear of the display module 11
and the back cover 12 having the above configuration. Referring to Figure 7, the back
cover 12 may be coupled to the PCB 15 by using a bracket 17.

The plate-shaped bracket 17 may be disposed at the rear of the back cover 12 and the
PCB 15 may be disposed at the rear of the bracket 17. At this point, the back cover 12
and the bracket 17 may be coupled by a first fastener 41 at the central part and the
bracket 17 and the PCB 15 may be coupled by a second fastener 43 at the left and right
direction edges.

Accordingly, the first fastener 41 may be coupled to the backside of the back cover
12 at the center in the lateral direction and the front side of the bracket 17 at the center
in the lateral direction, and the second fastener 43 may be coupled to the backside of
the bracket 17 near the left and right side edge and the front of the PCB 15 near the left
and right side edge.

Figures 8A to 8B are sectional views illustrating a structure of the second fastener 43.
The fastener 43 may include a front support part 43a of a roughly cylindrical shape
coupled to the rear of the bracket 17, a spring 43¢ having the rear end supported by the
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front support part 43a, and a head part 43b coupled to the rear end of the spring 43c.

The front support unit 43a may be a pem nut whose portion protrudes toward the rear
and the head part 43b may be a member of a roughly cylindrical shape. The head part
43b may be coupled to the PCB 15. Here, the spring 43¢ may be a coil spring. The
second fastener 43 maintains a state as show in Figure 8 A usually but when external
force is applied to the bracket 17 or the PCB 15, as shown in Figure 8B, the spring 42¢
is compressed so that impact between two members is absorbed.

Moreover, the left and right edges of the back cover 12 and the left and right edges of
the bracket 17 may be coupled to each other by a third fastener 45. Figures 9 and 10 il-
lustrate the third fastener 45 in more detail.

The third fastener 45 provides a fastening structure that absorbs the bending of the
back cover 12 between the back cover 12 and the bracket 17. The third fastener 45 may
include a first member 45a coupled to the backside of the back cover 12 and a second
member 45¢ coupled to the front side of the bracket 17. The backside of the first
member 45a may have a rounded shape whose center protrudes convexly, and an
opening part 45b extending in the lateral direction may be formed at the center of the
rear.

The second member 45¢ may extend from front to back relative to the display
module 11 and may be insertable into the opening part 45b. A long hole 45d may be
formed long in the lateral direction in the second member 45¢c. The long hole 45d may
have a rounded shape as may progressively approach the left and right edge. Moreover,
a head 45e may be coupled to the rear of the second member 45c.

Accordingly, when the second member 45c is inserted into the opening part 45b of
the first member 45a, a coupling protrusion may be inserted into the long hole 45d.
Therefore, the second member 45¢ may be rotatable based on the coupling protrusion
and may be movable by the length of the long hole 45d. Accordingly, the back cover
12 in a flat sate or a bending state may be continuously coupled to the back cover 12
and the bracket 17.

Hereinafter, a configuration of a display device according to one embodiment of the
present disclosure will be described with reference to Figures 11A and 11B. Figures
11A and 11B schematically illustrate only a configuration relating to the bending of
the display module 11 merely for ease of description of a structure and principle for
bending a display device. However, it should be appreciated that the display device
may include various other configurations besides the shown configuration.

The display device includes a display unit bending toward the front and a bending
assembly bending the display unit. The display unit includes a display module 11 and a
back cover 12 coupled to the rear of the display module 11. The bending assembly
bends the back cover 12 so as to bend a display panel.
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Moreover, the bending assembly includes a bending actuator applying physical force
to the back cover 12 and a bending control unit controlling operations of the bending
actuator.

In the embodiment of Figure 3, the SMA 31 configuring the bending actuator extends
from the left end part of the back cover 12 to the right end part. However, in this em-
bodiment, a fixing unit 32 (also support bracket) is provided at the rear center of the
back cover 12. Accordingly, the bending actuator according to this embodiment
includes the SMA 31 and the fixing unit 32 where the SMA 31 is fixed. The bending
control unit controls operations of the bending actuator.

The SMA 31 has a rod shape (e.g., cylindrical or wire shape) and extends in the left
and right directions. A plurality of SMAs 31 may be attached to the rear of the back
cover 12 and extend horizontally, parallel to each other. There may be a group of
SMAs 31 that form a left column at the left side of the fixing unit 32 and there may be
a group of SMAs 31 that form a right column at the right side of the fixing unit 32. Ac-
cordingly, the right end part of the left column and the left end part of the right column
may be fixed at the fixing unit 32.

Due to the above configuration, when power is applied to the SMA 31, the wires
extend in the left and right directions and the back cover 12 is bent toward the front
with a centrally concaved shape. At this point, the control unit may supply power to
the left column to allow only a portion where the left column is attached to be bent and
on the contrary, may supply power to the right column to allow only a portion where
the right column is attached to be bent. Moreover, by differently supplying the amount
of current applied to the left column or the right column, the degree of bending may
differ.

When the back cover 12 is bent, the both left and right end parts of the back cover 12
forwardly applies pressures around the left and right edges of the display module 11,
so that the display module 11 is bent simultaneously. Moreover, when power is cut off
by the bending control unit, and thus a temperature of the SMA 31 drops, the length of
the SMA 31 is reduced and the display module 11 and the back cover 12 return to their
original flat states by the elastic restoring force of the material.

While the SMA 31 is described herein as including only the two columns such as the
left column and the right column, the SMA 31 may have other configurations, for
example, to have three columns or more.

Furthermore, as shown in Figures 11A and 11B, the SMA 31 may be attached to the
backside of the back cover 12, or like Figures 5 and 6, the SMA 31 may be received in
the SMA receiving unit on the inner side of the back cover 12. Like the embodiment of
Figures 5, the SMA receiving unit may have a groove shape concave toward the inner
side (the front) at the backside of the back cover 12, and when the SMA 31 is buried
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inside the back cover 12, the space in which it is buried may be the SMA receiving
unit.

Moreover, when the SMA 31 is buried inside the back cover 12, it may be disposed
toward the rear of the back cover 12 with respect a depth of the back cover 12. The
reason is that the length of the SMA 31 increases at a predetermined temperature in
this embodiment. Additionally, when the SMA 31 is received in the SMA receiving
unit, a portion of the fixing unit 32 may be buried at the rear of the back cover 12.

Moreover, in the display device according to the present disclosure, the bracket 17,
the first fastener 41, and the second fastener 43 shown in Figure 7 to 8B may be ap-
plicable for the coupling of the PCB 15. Additionally, as shown in Figures 9 and 10,
the third fastener 45 may be applicable.

Hereinafter, a configuration of a display device will be described with reference to
Figure 12. Figure 12 schematically illustrates only a configuration relating to the
bending of the display module 11 merely to facilitate description of a structure and
principle for bending a display device. However, the display may include various other
configurations besides the shown configuration.

The SMA 31 may be disposed at position symmetric to the position of Figure 6
toward the front of the back cover 12 toward the display, as illustrated in Figure 12.
The display device may include a display unit for displaying an image and a bending
assembly for bending the display unit. The display unit may include a display module
11 displaying an image and a back cover 12 coupled to the rear of the display module
11.

Moreover, the bending assembly may include a bending actuator applying physical
force to the back cover 12 and a bending control unit controlling operations of the
bending actuator. Here, the bending actuator may include the SMA 31 and the bending
control unit that controls a length change of the SMA 31.

The SMA 31 may be provided in a rod shape (e.g., cylindrical or wire shape) and
extending in the left and right directions, and may be attached to the front of the back
cover 12. The SMA 31 maintains a predetermined length at a room temperature and
when the temperature rises more than a set temperature, its length is reduced. Here,
because the SA 31 is provided toward the front surface of the back cover 12, the length
of the SMA 31 is reduced to bend the display forward. At this point, the rise in the
temperature may be achieved by power supply that is controlled by the bending control
unit.

Accordingly, once power is supplied by the bending control unit, current flows
though the SMA and the resistance of the SMA 31 generates heat, thereby raising its
temperature. As the temperature rises, the length of the SMA 31 is reduced laterally,

i.e., in the left and right directions.
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When the length of the SMA 31 is reduced, the back cover 12 becomes bent and both
the left and right ends may protrude toward the front relative to its center, and the
center may have a concave shape. At this point, an angle at which the back cover 12
bends may be adjusted by controlling the amount of current to the SMA 31. When the
back cover 12 is bent, the display module 11 at the front of the back cover 12 is
concavely bent toward the front. Due to this, user’s immersion or perception while
viewing the display may be enhanced.

Moreover, when the SMA 31 is disposed at the front of the back cover 12, like the
above embodiment (refer to Figures 11A and 11B), the SMA 31 may be grouped to
form a left column and the right column, or other configurations, for example, three
columns or more. Furthermore, the length of each column may be differently
controlled. For example, the length of the SMA 31 in the left column may be
controlled to have a first prescribed length, and the SMA 31 in the right column may
be controlled to have a second prescribed length, such that the curvature of the display
may be controlled more precisely.

Moreover, in the display device according to this embodiment, the bracket 17, the
first fastener 41, and the second fastener 43 shown in Figure 7 to 8B may be applicable
for coupling the PCB 15. Additionally, as shown in Figures 9 and 10, the third fastener
45 may be applicable.

Hereinafter, a configuration of a display device according to another embodiment of
the present disclosure will be described with reference to Figures 13 to 15B. Figures 13
to 17 schematically illustrate only a configuration relating to the bending of the display
module 11 merely to facilitate description of a structure and principle for bending a
display device. However, the display device according to the present embodiment may
include various other configurations besides the shown configuration.

Figure 13 is a perspective view illustrating the back cover 12 and the bending
assembly of the display device, and Figure 14 is a view illustrating the front side of the
back cover 12. Moreover, Figures 15A and 15B are plan views of the display device.
The display device may include a display unit and a bending assembly that bends the
display unit. The display unit may include a display module 11, a thin plate-shaped
middle cover 13 attached to the backside of the display module 11 (or display panel)
through a double-sided tape 14 or another appropriate method of connection, and a
back cover 12 coupled to the rear of the middle cover 13. The bending assembly may
apply force to bend the back cover 12, so that the entire display unit may be bent.

Here, the bending assembly may include a bending actuator applying physical force
to the back cover 12 and a bending control unit that controls operations of the bending
actuator. The bending actuator may include an SMA 31 and a fixing unit 33 (or support
bracket) fixing the SMA 31 to the front of the back cover 12. Also, the bending
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actuator may control a length change of the SMA 31.

The fixing unit 33 may include four extension units 38a that extend front to back and
protruding toward the front around each edge of the back cover 12. The fixing unit 33
may have a roughly rectangular shape and a vertical extension unit 33b that vertically
connects two extension units 38a may be provided around the left and right sides of the
back cover 12. The vertical extension unit 33b may be provided to be in one or more
pairs. As illustrated, the vertical portions may be provided a prescribed distance from
the back cover toward the display panel.

The SMA 31 extends across two vertical extension units 33b. The SMA 31 may be
provided to have a rod shape that extends in the left and right directions, and may be
provided in plurality to extend horizontally, parallel to each other. The rod shape may
have various cross-sections, such as a round shape, square shape or the like. For
example, the SMA 31 may have a wire shape.

Accordingly, the SMA 31 may be coupled to a position that is spaced toward the
front from the front side of the back cover 12, and extends parallel to the front side of
the back cover 12. That is, the left end part of the SMA 31 may be coupled to the
vertical extension unit 33b at the left side and the right end part of the SMA 31 may be
coupled to the vertical extension unit 33b at the right side. Moreover, the fixing unit 33
and the SMA 31 may be formed as one module. When a module including the fixing
unit 33 and the SMA 31 is manufactured separately and is coupled to the front side of
the back cover 12, manufacturing efficiency may be improved.

In this embodiment, the SMA 31 may maintain a predetermined length at a room
temperature and when the temperature rises more than a set temperature, its length is
reduced. At this point, the rise in the temperature may be achieved by a power supply
that is controlled by the bending control unit.

Accordingly, once current is supplied to the SMA 31, the resistance of the SMA 31
may produce a prescribed amount of heat causing its temperature to increase. As the
temperature increases, the length of the SMA 31 is reduced in the lateral, e.g., left and
right, directions.

When the length of the SMA 31 is reduced from Figure 15A to Figure 15B, the back
cover 12 becomes bent and the both left and right end parts protrude toward the front
relatively, and its center has a concavely retreated shape. At this point, an angle at
which the back cover 12 bends may be adjusted by controlling the amount of current
through the SMA 31.

When the back cover 12 is bent, pressure is forwardly applied on the both left and
right ends of the middle cover 13 from the front of the back cover 12, and due to this,
the display module 11 is also concavely bent toward the front. Therefore, user’s

immersion may be increased. Moreover, when power is cut off by the bending control
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unit, and thus a temperature of the SMA 31 drops, the length of the SMA 31 is
increased again and the display module 11 and the back cover 12 return to their
original flat states by the elastic restoring force of the material.

Moreover, the bracket 17, the first fastener 41, and the second fastener 42 shown in
Figures 7 to 8B may be applicable to the display device according to this embodiment.
Additionally, as shown in Figures 9 and 10, the third fastener 43 may be also ap-
plicable.

Hereinafter, a partial configuration of a display device will be described with
reference to Figures 16 to 19. Figures 16 to 19 schematically illustrate only a partial
configuration relating to the bending of the display module 11 merely to facilitate de-
scription for a structure and principle for bending a display device. However, the
display device according to the present embodiment may include various other config-
urations besides the shown configuration.

Figure 16 illustrates the middle portion of the display module 11, the back cover 12,
and the middle cover 13 in the display device. Figure 17 illustrates a portion hori-
zontally deviated from the center of the display module 11, the back cover 12, and the
middle cover 13 in the display device. The display device may include a display unit
and a bending assembly that bends the display unit. The display unit may include a
display module 11, a middle cover 13 located at the rear of the display module 11, and
a back cover 12 located at the rear of the middle cover 13. The bending assembly
applies physical force to the back cover 12, so that the entire display unit may be bent.

The middle cover 13 may be attached to the backside of the display module 11 by
using a double-sided tape 14 or another appropriate method of connection. The back
cover 12 may have a shape in which the left and right ends protrude toward the front
relative to the center, and the center is curved toward the rear. Accordingly, the central
part of the back cover 12 is spaced from the middle cover 13 toward the rear and the
left and right end parts of the back cover 12 contact the left and right edge backside of
the middle cover 13. At this point, the back cover 12 and the middle cover 13 may
contact directly, or may contact through a sliding member 37 as described in more
detail hereinafter. Additionally, when the sliding member 37 is provided, the left and
right end parts of the back cover 12 and the middle cover 13 may not contact each
other, and thus may be spaced apart from each other.

Moreover, the bending assembly may include a bending actuator that applies
physical force to the back cover 12 and a bending control unit that controls operations
of the bending actuator. The bending actuator may include an SMA 31 (or elastic
member) and fixing units 35a and 35b (or support bracket) fixing the SMA 31 to the
rear of the back cover 12. The bending control unit may control a length change of the
SMA 31.
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The fixing units 35a and 35b may include a central fixing unit 35a (or center support)
protruding toward the front from the front side at the left and right direction center of
the back cover 12 and a side fixing unit 35b (or lateral support) protruding from the
front side toward the front around the left and right both end parts of the back cover 12.

The front end of the central fixing unit 35a is coupled to the rear of the left and right
direction center of the middle cover 13, and the rear end is coupled to the left and right
direction center of the back cover 12. At this point, the central fixing unit 35a may
function as a spacer to maintain a predetermined interval between the back cover 12
and the middle cover 13.

The SMA 31 may be attached to the both left and right sides of the central fixing unit
35a, or the central fixing unit 35a may serve as a supporter to allow one SMA 31 to
pass through. An end part of the SMA 31 may be fixed at the side fixing unit 35. The
SMA 31 may be provided in a wire shape extending in the left and right directions, and
is forwardly spaced a predetermined distance apart from the back cover 12.

The SMA 31 may maintain a predetermined length at a room temperature and when
the temperature rises more than a set temperature, its length may be reduced. At this
point, the rise in the temperature is achieved by power supply that is controlled by the
bending control unit. Accordingly, once power is supplied by the bending control unit,
the resistance of the SMA 31 causes generation of heat and its temperature rises. As
the temperature rises, the length of the SMA 31 is reduced in the lateral, e.g., left and
right, directions.

When the length of the SMA 31 is reduced, the both end parts (or lateral sides) of the
back cover 12 are pulled toward the center, and as the distance between the both end
parts of the back cover 12 becomes narrower, both end parts of the back cover 12 are
moved toward the front relative to the center. Then, the both end parts of the back
cover 12 forwardly apply pressure to a point horizontally deviated from the center of
the mid cover 13, so that the display module 11 becomes bent.

At this point, the back cover 12 may have a curved shape whose center in the lateral
direction is curved toward the rear relatively and both lateral ends protrude toward the
front relatively. In this case, when the distance between the both end parts of the back
cover 12 becomes narrower, the back cover 12 becomes bent with a greater curvature
than the original, which then forwardly applies pressure to a point horizontally
deviated from the center of the mid cover 13 so that the display module 11 becomes
bent. At this point, an angle at which the back cover 12 bends may be adjusted by con-
trolling current flow through the SMA 31.

Since the central fixing unit 35a maintains a predetermined interval laterally between
the center of the back cover 12 and the center of the display module 11, when the back
cover 12 is bent, forward pressure is applied by both the left and right ends of the back



15

WO 2014/065601 PCT/KR2013/009503

[122]

[123]

[124]

[125]

[126]

[127]

cover 12 to both the left and right end parts of the display module 11 to simultaneously
bend the display module 11. Therefore, user’s immersion may be increased.

Moreover, when power is cut off by the bending control unit and thus a temperature
of the SMA 31 drops, the length of the SMA 31 is increased and the display module 11
and the back cover 12 return to their original flat states by the elastic restoring force of
the material. Moreover, the sliding member 37 shown in Figures 18 and 19 may be ad-
ditionally included in the above configuration.

The sliding member 37 may be fixed at one of the back cover 12 or the middle cover
13 and may be slidable at the other. That is, the sliding member 37 may be coupled to
the front side of the back cover 12 so that it may slide relative to the backside of the
middle cover 13, or may be coupled to the rear of the middle cover 13 so that it may
slide relative to the front of the back cover 12. Additionally, the sliding member 37
may be coupled to each of the back cover 12 and the middle cover 13, so that sliding
may occur between a portion coupled to the back cover 12 and a portion coupled to the
middle cover 13.

Hereinafter, a configuration and function of the sliding member 37 according to this
embodiment will be described with reference to Figures 18 and 19. The sliding
member 37 slide relative to a body 37a fixed at the middle cover 13 and a moving
member 37d fixed at the back cover 12 to be movable horizontally.

The body 37a may have a plate-shaped member that extends horizontally, and its
center slide relative to a sliding area 37b extending horizontally. Moreover, a fixing
unit 37c¢ protruding toward the front side may be provided at the front side of the body
37a. The fixing unit 37c may be fixed by directly contacting the backside of the middle
cover 13, and the body 35a may be spaced by the length of the fixing unit 37c apart
from the middle cover 13. The moving member 37d may be provided to allow recip-
rocating sliding in the sliding area 37b, and its flat backside may be coupled to the
front side of the back cover 12. Since the sliding member 37 is provided, the back
cover 12 and the middle cover 13 may have coherence at a portion horizontally
deviated from the center in addition to the center.

Moreover, when the sliding member 37 is provided between the back cover 12 and
the middle cover 13, the left and right end parts of the back cover 12 protrude toward
the front relatively by the bending assembly. When pressure is applied on the backside
of the middle cover 13, the back cover 12 does not directly contact the middle cover 13
and contacts the middle cover 13 through the sliding member 37, allowing the display
module 11 to be bent more efficiently. Additionally, when the sliding member 37 is
provided, the left and right end parts of the back cover 12 may contact the middle
cover 13 so that the back cover 12 applies pressure on the middle cover 13.

Moreover, the bracket 17, the first fastener 41, and the second fastener 43 shown in
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Figures 7 to 8B may be applicable to the display device according to this embodiment.
Additionally, the third fastener 45 shown in Figures 9 and 10 may be also applicable.

Hereinafter, a configuration of a display device will be described with reference to
Figures 20A and 20B. Figure 20A is a view of a flat state before a display unit of the
display device is bent. Figure 20B is a view when the display unit is bent. Merely for
convenience and to facilitate description, a configuration shown in Figures 20A and
20B does not include all of the features of the display device, and only a partial con-
figuration relating to the bending of the display module 11 is shown while other con-
figurations are omitted.

The display device may include a display unit, a bending assembly bending the
display unit, and a lower frame 50 supporting the display unit from the lower part. The
display unit may include a display module 11 (or display panel) and a back cover 12 at
the rear of the display module 11. The lower frame 50 receives various parts therein
such as a control module, and the display module 11 and the back cover 12 are coupled
to the top of the lower frame 50. Additionally, a stopper 51 may be provided at the top
of the lower frame 50 and may contact the backside of the back cover 12 at the rear of
both the left and right ends of the back cover 12.

The bending assembly may include a bending actuator applying physical force to the
back cover 12 and a bending control unit controlling operations of the bending
actuator. The bending actuator includes an SMA 31, a fixing unit 39 fixing the SMA
31 to the rear of the back cover 12, and a motor 52 rotating the fixing unit 39. The
bending control unit controls a length change of the SMA 31 and operations of the
motor 52.

The fixing unit 39 (or support bracket) may be provide in a cylindrical shape
extending in a vertical direction, and may be backwardly spaced apart from the center
of the back cover 12. The SMA 31 (or elastic member) may be provided in a
cylindrical or wire shape extending in a lateral direction. Its front end may be coupled
to the center laterally at the backside of the back cover 2 and its rear end may be
coupled to the fixing unit 39. A plurality of SMA 31 may be provided horizontally,
parallel to each other.

The motor 52 may be coupled to the lower part of the fixing unit 39, and the fixing
unit 39 may rotate by rotation of the motor 52. The bending control unit may be
included in the control module provided at the inner side of the lower frame 50, and
may control a current applied to the SMA 31 and rotation of the motor 52.

Accordingly, once current is supplied to the SMA 31 by the bending control unit, re-
sistance of the SMA 31 may cause heat generation and its temperature rises. As the
temperature rises, the length of the SMA 31 may be reduced in the lateral, e.g., left and

right, directions.
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When the length of the SMA 31 is reduced, the both left and right end regions of the
back cover 12 are restrained from moving toward the rear, and only the center part is
moved toward the rear, so that the back cover 12 has a bending shape that is centrally
concaved relative to the front. At this point, an angle at which the back cover 12 is bent
may be adjusted by controlling a current applied to the SMA 31.

Moreover, in this embodiment, auxiliary bending is possible by rotation of the motor
52. When the motor 52 rotates, the cylindrical fixing unit 37 rotates to wind the SMA
31 on its outer circumferential surface, so that the center part of the back cover 12 may
be further pulled back. Accordingly, when the motor 52 is used sufficient bending
effect may be achieved even when the reduced length of the SMA 31 is insufficient for
the desired amount of bending.

Additionally, when the length reduction of the SMA 31 is not obtained properly, the
bending of the back cover 12 and the display module 11 becomes possible. Also, as the
fixing unit 37 rotates, it winds the outer circumference surface with the SMA 31, so
that the center part of the back cover may be further retreated.

As mentioned above, when the back cover 12 is bent, the left and right direction
center of the back cover 12 is retreated and thus, the left and right direction center part
of the display module 11 is pulled toward the rear. Due to this, the display module 11
is bent simultaneously. Therefore, user’s immersion may be increased by bending the
display unit.

Moreover, when power is cut off by the bending control unit, and thus a temperature
of the SMA 31 drops, the length of the SMA 31 is increased and the display module 11
and the back cover 12 return to their original flat states by the elastic restoring force of
the material. In this case, if the wire-shaped SMA 31 is wounded on a fixing unit by
rotating a motor, the display module 121 returns to a flat state by reversely rotating the
fixing unit to unwind the SMA 31.

Hereinafter, a display device will be described with reference to Figures 21A to 22.
Figures 21A to 22 schematically illustrate only a configuration relating to the bending
of the display module 11 merely to facilitate description of a structure and principle for
bending a display device. However, the display device may include various other con-
figurations besides the shown configuration.

The display device may include a display unit displaying an image and a bending
assembly bending the display unit. The display unit may include a display module 11
displaying an image and a back cover 12 coupled to the rear of the display module 11.

The bending assembly may include a bending actuator applying physical force to the
back cover 12 and a bending control unit controlling operations of the bending
actuator. The bending actuator may be a leading wire 34 coupled to the rear of the back

cover 12 to flow current.
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Figure 21A is a view of a flat state when the display module 11 and the back cover
12 are not bent. Figure 21B is a view when the display unit 11 and the back cover 12
are bent. Figures 21A and 21B are views when a plurality or wires 34 coupled to the
rear of the back cover 12 extend vertically. Additionally, Figure 22 is a view 1il-
lustrating the direction of a current flowing in a wire and the direction of a force acting
on between wires.

As shown in Figure 22(a), when the direction of a current flowing in one wire is the
same as that in an adjacent wire, gravitation acts on between two wires. As shown in
Figure 22(b), when the direction of a current flowing in one wire is different from that
in an adjacent wire, repulsion acts on between two wires.

Referring to Figures 21A and 21B, the wire 34 may be provided in plurality
vertically in parallel to each other. Each wire 34 extends in parallel to another adjacent
wire 34. The wire 34 may be attached to the backside of the back cover 12, or may be
built in the back cover 12. The wire 34 may be built in the back cover 12, it needs to be
positioned at the rear on the basis of the back and forth direction center of the back
cover 12.

Moreover, as shown in Figures 21A and 21B, a groove part 18 formed long vertically
may be provided at the front of the back cover 12. The groove part 18 may have a
roughly V-shaped shape whose left and right widths become narrower gradually as
they approach the rear from the front, and a plurality of groove parts 18 are hori-
zontally arranged in parallel to each other. Each groove part 18 may be disposed
parallel to an adjacent groove part 18.

Moreover, the left and right direction central parts of the back cover 12 and the
display module 11 may be fixed, and other parts other than the fixed central parts may
be installed not to restrain the movement in the front and rear directions. Therefore,
when the back cover 12 and the display module 11 are bent, the left and right direction
edges may move back and forth.

However, the back cover 12 and the display module 11 may be installed so that the
back and forth movements of both end parts are restrained and a central part of the left
and right directions may move back and forth. In this case, the back cover 12 and the
display module 11 may be bent.

Due to the above configuration, when current is applied to the wire 34 by the bending
control unit, it generates a magnetic field. At this point, a current flowing into the wire
34 is controlled so that the direction of a current flowing in one wire 34 is opposite to
that in an adjacent wire 34. Therefore, repulsion occurs between the one wire 34 and
the adjacent wire 34.

When repulsion acts on between each wire 34, a force in the lateral direction is

applied to the rear of the back cover 12 relative to its center. Accordingly, the back
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cover 12 and the display module 11 change from a flat shape shown in Figure 21A into
a shape whose both left and right ends protrude toward the front and the center is
pushed back, as illustrated in Figure 21B. At this point, since a plurality of groove
parts 18 are formed in the front side of the back cover 12, the groove part 18 becomes
smaller to aid the bending of the back cover 12, so that the back cover 12 may be bent
with a smaller amount of force.

Moreover, the amount of current flowing in the wire 34 may be controlled by the
bending control unit and by adjusting the amount of current, the bending degree of the
back cover 12 and the display module 11 may be adjusted. Furthermore, the wire 34
may be coupled to the front of the back cover 12. In this case, the wire 34 may be
attached to the front side of the back cover 12, or may be built at the front inside the
back cover 12 in the front to back direction relative to a thickness of the back cover 12.

When the wire 34 is coupled to the front of the back cover 12, the bending control
unit may allow the direction of a current flowing in each wire 34 to be identical. Due to
this, gravitation may act on between each wire 34. Once gravitation occurs between
each wire 34, since a force to narrow the left and right widths is applied to the front on
the basis of the back and forth direction center of the back cover 12, an interval
between the groove parts 18 becomes narrower. Due to this, the back cover 12 and the
display module 11 may be bent toward the front. In this case, the degree of bending of
the back cover 12 and the display module 11 may be controlled when the bending
control unit controls current flow through the wires 34.

Moreover, as mentioned above, as the wire 34 serves as a bending actuator, when a
current flowing in the wire 34 is cut off the display module 11 and the back cover 12
return to their original flat states by elastic restoring force. If necessary, a current
flowing in the wire 34 is applied in an opposite direction, so that this may aid to
unbend the display module 11 and the back cover 12 to the original states.

Moreover, a bending actuator configuring a bending assembly may be an elec-
tromagnet as shown in Figures 23 to 26. When compared with the configuration of
Figures 21A and 21B, all other configurations are the same except that the wire 34 is
replaced with an electromagnet 38, and thus repeated description is omitted.

Figures 23 to 25B are views when the electromagnet 38 is coupled to the rear of the
back cover 12, and Figures 25 and 26 are views when the electromagnet 38 is coupled
to the front of the back cover 12. The electromagnet 38 may extend to have its po-
larities in the lateral directions. That is, the left end part is an S pole, the right end part
is an N pole. When the left end part is an N pole, the right end part is an S pole.

In relation to the electromagnet 38, a plurality of electromagnets which are vertically
arranged in parallel to each other may form one electromagnet column 38a. A plurality

of columns of electromagnets may be provided horizontally across the back cover 12
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and aligned with adjacent electromagnets.

The electromagnet 38 may generate different N and S poles depending on whether
the electromagnet 38 is coupled to the front or rear of the back cover 12. Accordingly,
as shown in Figure 23, when a plurality of electromagnet columns are coupled to the
rear of the back cover 12, the bending control unit controls the current to create
repulsion between one electromagnet column and another adjacent electromagnet
column.

Once repulsion acts between each electromagnet column, a force to expand the rear
in the lateral direction is applied to the back cover 12 as illustrated in Figures 24A and
24B. Due to this, the back cover 12 and the display panel 11 are bent, so that the left
and right direction end parts protrude toward the front and the central part is moved
toward the rear. The bending of the back cover 12 bends the display module 11 a
prescribed amount. At this point, an angle at which the display module 11 and the back
cover 12 bend may be adjusted by controlling the amount of current flowing in the
electromagnet.

Moreover, as shown in Figures 25 and 26, when a plurality of electromagnet columns
are coupled to the front of the back cover 12, the bending control unit controls current
to generate gravitation to act between one electromagnet column and another adjacent
electromagnet column. Figure 25 is a view when an electromagnet is coupled to the
front of the back cover 12 and Figure 26 is a plan view thereof.

Once gravitation is applied to between each electromagnet column, the front of the
back cover 12 becomes narrower in the lateral direction. Due to this, the back cover 12
and the display module 11 may be bent. In this case, the amount of current flowing in
the electromagnet 38 is controlled by the bending control unit, so that the degree of
bending of the display module 11 and the back cover 12 may be adjusted.

Moreover, as mentioned above, as the electromagnet 38 serves as a bending actuator,
when a current flowing in the electromagnet 38 is cut off, the display module 11 and
the back cover 12 return to their original flat states by elastic restoring force. If
necessary, a current flowing in the electromagnet 38 is applied in an opposite direction,
so that this may aid to unbend the display module 11 and the back cover 12 to the
original states. Additionally, when the electromagnet 38 is used as the bending
actuator, the groove part 18 may be provided at the front of the back cover 12.

Moreover, a bending actuator configuring a bending assembly may be an bi-metal or
piezoelectric element as shown in Figures 27 to 31. When compared with the con-
figuration of Figures 23 to 25, all other configurations are the same except that the wire
34 is replaced with a bi-metal 36 or a piezoelectric element 36a, and thus repeated de-
scription is omitted.

Figures 27 to 29 are views when the bi-metal 36 is attached to the back cover 12. Ac-
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cordingly, the bending actuator becomes the bi-metal 36. The bi-metal 36 refers to an
object including thin metal plates that have different thermal expansion coefficients
and are joined together. When temperature rises, a metal plate having a greater thermal
expansion coefficient expands longer so that it is bent toward a metal plate having a
less thermal expansion coefficient.

Figure 27 is a view when the bi-metal 36 is attached to the front side of the back
cover 12. Figure 28 is a sectional view of the bi-metal 36. Figure 29 is a view when the
back cover 12 and the display module 11 are combined. First, referring to Figure 28,
the bi-metal 36 includes a first metal 36a having a relatively greater thermal expansion
coefficient and a second metal 35a coupled to the front of the first metal 36a. At this
point, the first metal 36a may be a piezoelectric element. A voltage applied to the
piezoelectric element 36a may be controlled by the bending control unit.

The piezoelectric element 36a is a device having piezoelectric effect (when me-
chanical pressure is applied, voltage occurs and when voltage is applied, mechanical
deformation occurs). When external force is applied, electric polarization occurs to
generate potential difference and on the contrary, when voltage is applied, deformation
or stress occurs.

The display device according to this embodiment uses the property that when voltage
is applied to the piezoelectric element 36a, it expands. The piezoelectric element 36a
may be formed of BaTiO3, PbZrO3 or another appropriate type of material. One bi-
metal 36 may have a band shape and extends in the lateral direction. Also, a plurality
of the bi-metal 36 may be provided vertically, in parallel to each other.

Moreover, a plurality of groove parts 18 may be provided perpendicular to a
direction in which the piezoelectric element 36a extends. A configuration and
functions of the groove part 18 are the same as described above.

Due to the above configuration, when power is supplied to the piezoelectric element
36a by the bending control unit, the length of the piezoelectric element 36a is increased
and the both end parts of the bi-metal are bent toward the front. As the bi-metal 36 is
bent, the back cover 12 is bent with the same curvature radius. Due to this, the display
module 11 is bent simultaneously.

Accordingly, the back cover 12 and the display module 11 may have a shape in
which the lateral ends protrude toward the front, and the center part is moved toward
the rear. That is, the display unit is bent in a shape concaved toward the front.

At this point, when the bending control unit may control a voltage applied to the
piezoelectric element 36a, the amount of length change in the piezoelectric element
36a is adjusted so that the bending amount of the back cover 12 may be controlled.
Moreover, when the bending control unit cuts off a voltage applied to the piezoelectric

device 36a, the piezoelectric device 36a returns to its original length, and also the back
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cover 12 and the display module 11 return to their original flat states.

Additionally, as shown in Figure 30, the bi-metal 36 may be coupled to the rear of
the back cover 12. In this case, the configuration and operation principle of the bi-
metal 30 are the same as those of Figures 9 to 11.

Moreover, the bending actuator may include only a piezoelectric element instead of
the bi-metal 36. In Figure 31, only the piezoelectric element 36a is attached to the
position where the bi-metal 36 of Figure 30 was attached before. Therefore, the piezo-
electric element 36a extends in the left and right directions and is provided in plurality
vertically in parallel to each other.

As mentioned above, since the length of the piezoelectric element 36a is increased by
applying a predetermined voltage, after the piezoelectric element 36a is coupled to the
rear of the back cover 12, when voltage is applied to the piezoelectric element 36a by
the bending control unit, the length of the piezoelectric element 36a is increased so that
the back cover 12 may be bent toward the front. When the piezoelectric element 36a is
bent, the display module 11 is bent simultaneously, so that user's immersion may be
improved.

Moreover, when the bending control unit cuts off a voltage applied to the piezo-
electric element 36a, the piezoelectric element 36a returns to its original length, and
also the back cover 12 and the display module 11 return to their original flat states by
the restoring force of the piezoelectric element 36a and the elastic restoring force of the
display panel 11 and the back cover 12.

Figures 32-33 illustrates another configuration of the bending actuator according to
the present disclosure. The display device may include a display unit displaying an
image and a bending assembly bending the display unit. The display unit may include
a display module 11 displaying an image and a back cover 12 coupled to the rear of the
display module 11. The bending assembly may include a bending actuator applying
physical force to the back cover 12 and a bending control unit controlling operations of
the bending actuator.

The bending actuator 47 shown in Figure 32 and 33 includes a sensitive heat tube
47a filled with refrigerant gas, a flow path 47b serving as a path through which the re-
frigerant gas of the sensitive heat tube 47a flows, a cylinder 47c coupled to the end part
of the flow path 47b, and a heater 47d surrounding the external of the sensitive heat
tube 47a. The heater 47d may be a heating wire.

The flow path 47b has a roughly T-shape as seen from the rear. The flow path 47b
may extend from the sensitive heat tube 47a upward, is split into the left and right flow
paths 47b at a predetermined position, and then extends at an angle toward the front
left and right outer edges. Accordingly, the cylinder 47¢ coupled to a distal end of the

flow path 47b also extends at an angle toward the front left and right outer edges.
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Moreover, a stopping part 48 (or stopper) that protrudes toward the rear may be
provided at both the left and right edges on the backside of the back cover 12. The
stopping part 48 may include a pressing side 48a (or angled surface) toward a direction
in which the cylinder 47c extends and the cylinder 47c contacts the pressing side 48a.

When voltage is applied to the heater 47d by the bending control unit and the heater
47d heats the refrigerant, the volume of the refrigerant gas expands and the cylinder
47¢ 1s pushed outward. The cylinder 47¢ applies pressure to the pressing side 48a of
the stopping part 48 so that the lateral edges of the back cover 12 are pressed toward
the front. Therefore, the back cover 12 is bent toward the front. When the back cover
12 is bent, the display module 11 at the front of the back cover 12 is concavely bent
toward the front. Due to this, user’s immersion may be increased.

Moreover, when the bending control unit cuts off the power applied to the heater
47d, the display module 11 and the back cover 12 return to their original flat states by
the elastic restoring force thereof. Moreover, the bending actuator may have the
structure shown in Figures 16 and 19.

Figures 34 to 47 illustrate another configuration of the bending actuator according to
the present disclosure. The display device may include a display unit displaying an
image and a bending assembly bending the display unit. The display unit may include
a display module 11 displaying an image and a back cover 12 coupled to the rear of the
display module 11.

The bending assembly may include a bending actuator applying physical force to the
back cover 12 and a bending control unit controlling operations of the bending
actuator. Here, the bending actuator may include a motor 49a, shafts 49b and 49c¢, and
a speaker 49d.

Figure 34 is a plan view when the speaker 49d is hidden by the rear of the display
module 11 and the back cover 12. Figure 35 is a plan view when the speaker 49d is
visible at the left and right side of the display unit. Figure 36 is a view when the
speaker 49d is further pressed to bend the back cover 12 and the display module 11.
Additionally, Figure 47 is a sectional view illustrating a coupling structure of the first
shaft 49b and the second shaft 49c.

In the bending assembly applied to the display device according to this embodiment,
the bending actuator 49 may include the motor 49a and the shafts 49b and 49c. The
shafts 49b and 49c may include a first shaft 49b having a screw gear on the outer cir-
cumference thereof and a hollow second shaft 49¢ having a gear corresponding to the
first shaft 49b on the inner circumference thereof. Moreover, the speaker 49 is coupled
to the end part of the second shaft 49¢ to be slidable.

The display module 11, the back cover 12, and the bending actuator 49 may all be
provided on the lower frame 50. At this point, the center part of the display module 11
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and the back cover 12 may be fixed at the lower frame 50, and both the left and right
end parts are not fixed. Accordingly, when external force is applied from the rear to
around the both left and right ends of the display module 11 and the back cover 12, the
lateral ends may protrude toward the front when the display module is bent.

Moreover, the guide part 53 for guiding the sliding of the speaker 49d may be
provided at the lower frame 50. The guide unit 53 protrudes toward the top of the
lower frame 40 and extends in a straight line shape, and thus the speaker 49d contacts
the backside of the guide unit 53 and is guided. Additionally, the stopping part 48
shown in Figures 34 to 36 is provided at the left and right edges of the back cover 12.

Under the above structure, when the bending control unit rotates the motor 49a, the
rotation of the motor 49a rotates the first shaft 49b. At this point, a power transmitting
means such as a gear, a chain, and a belt may be provided between the rotational axis
of the motor 49a and the first shaft 49b.

The second shaft 49¢ may be pushed toward the outer edge as the first shaft 49b
rotates inside second shaft 49c. At this point, in order for the second shaft 49c¢ to be
pushed toward the outer edges a prescribed amount, the rotation of the second shaft
49b needs to be limited. Since the second shaft 49¢ is coupled to the speaker 49d and
the speaker 49d contacts the guide unit 53, the second shaft 49c¢ is pushed toward the
outer edge and to the front.

When the second shaft 49¢ is pushed, and thus the speaker 49d is pressed at an angle
toward the edges, the speaker 49d which was hidden from view protrudes at the outer
edges of the display module 11 as shown in Figure 35. Accordingly, a user may control
a display device to hide a speaker when not in use and show the speaker when in use.

Moreover, the speaker 49d is slid toward the outer edges and contacts the stopping
part 48 as shown in Figure 35. During this state, when the motor 49a rotates, the
speaker 49d presses against the stopping part 48. Due to this, the lateral edges of the
back cover 12 may be pressed toward the front. Therefore, as shown in Figure 36, the
lateral edges of the back cover 12 and the display module 11 may protrude toward the
front to bend the display module 11 forward. Hence, the user’s immersion may be
improved. Furthermore, by reversing the rotation direction of the motor 49a, the
bending control unit may return the bent display module 11 and back cover 12 to their
original flat states.

Moreover, the bracket 17, the first fastener 41, and the second fastener 43 shown in
Figures 7 to 8B may be applicable to the display device according to this embodiment.
Additionally, the third fastener 45 shown in Figures 9 and 10 may be also applicable.

As broadly described and embodied herein, a display device is provided having a
structure capable of improving user’s immersion while viewing content. In one em-

bodiment, a display device may include a display unit displaying an image, and a
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bending assembly bending the display unit. The bending assembly may include a
bending actuator applying force to the display unit and a bending control unit con-
trolling an operation of the bending actuator. According to the present disclosure, since
a display module of a display device is bent, user’s immersion may be improved. Also,
the bending degree of a display module may be easily adjusted.

In one embodiment, a display device may include a display panel for displaying an
image, a back cover provided behind the display panel and coupled to the display
panel, a bending assembly coupled to the back cover to bend the display panel, and a
controller configured to control the bending assembly to apply a physical force to the
back cover to bend the display panel a prescribed amount.

The bending assembly may include a plurality of elastic members formed of shape
memory alloy that expands or contracts corresponding to a change in temperature of
the shape memory alloy. The shape memory alloy may have a cylindrical shape having
a prescribed length that changes based on an amount of current that flows through the
shape memory alloy.

The elastic members may be provided on the back cover to extend laterally across on
the back cover such that the shape memory alloy expands or contracts laterally with
respect to the back cover. The elastic members may be provided on a front surface or a
rear surface of the back cover. A recess may be formed in the back cover to ac-
commodate the elastic members.

A support bracket may be coupled to the back cover to support the shape memory
alloy. A middle cover may be attached to a rear surface of the display panel and
provided between the display panel and the back cover, wherein the support bracket is
provided on a front surface of the back cover between the back cover and the middle
cover, the shape memory alloy extending laterally along the back cover and coupled to
the support bracket. The support bracket may include a plurality of vertical portions
spaced a prescribed distance from the back cover toward the display panel, the elastic
members coupled to the vertical portions to extend laterally across the back cover.
Moreover, the support bracket and the elastic members may be modularized for
coupling to the back cover.

A support bracket may be coupled to the back cover and may include a center
support that extends vertically along a center of the back cover and a plurality of lateral
supports provided at lateral regions of the back cover, the support bracket coupling the
center and lateral regions of the back cover to the display panel, and the back cover
may have a prescribed curvature in a lateral direction and when the shape memory
alloy provided laterally along the back cover contracts in length, a center of the display
is pulled toward the back cover to bend the display panel. When the shape memory

alloy contracts, the prescribed curvature of the back cover may be increased to bend
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the display panel. The plurality of lateral supports may be slidable connectors that
allow the middle cover to slide laterally relative to the back cover when the display
panel is bent. The slidable connectors include a body fixed at one of the back cover or
the middle cover and a moving member slidably coupled to the body and fixed to the
other one of the back cover or the middle cover.

A support bracket may be provided a prescribed distance behind the back cover, the
support bracket extending vertically and positioned to correspond to a center of the
back cover, wherein the elastic members extend from the support bracket to the rear
cover to pull the center of the rear cover toward the support bracket when the tem-
perature of the shape memory alloy is increased above a prescribed level. A motor may
be coupled to the support bracket to rotate the support bracket along a longitudinal axis
of the support bracket, wherein the shape memory alloy is wound around an outer
surface of the support bracket when the support bracket is rotated to bend the display
panel.

The plurality of elastic members may be provided to extend parallel to each other to
form a first column corresponding to a left side of the display panel and a second
column corresponding to a right side of the display panel. The controller may control a
length of the shape memory alloy in the left column to be different than in the right
column. The controller may control an amount of current applied to the shape memory
alloy to change a length of the shape memory alloy to bend the display panel.

The display device may also include a bracket coupled to a rear of the back cover, a
printed circuit board coupled to a rear of the bracket, and a first fastener provided
between the bracket and the back cover to couple the back cover to the bracket along a
central vertical axis of the display panel. A second fastener may be provided between
the bracket and the printed circuit board to couple the printed circuit board to the
bracket along a lateral side of the printed circuit board. Another fastener may be
provided between the bracket and the back cover to couple a lateral region of the back
cover to the bracket, wherein this fastener includes a first portion coupled to the back
cover and a second portion coupled to the bracket, the first portion being movably
coupled to the second portion to allow lateral movement of the rear cover relative to
the bracket.

The bending assembly may include a plurality of wires that extend vertically on the
back cover and positioned a prescribed distance from each other in a lateral direction
with respect to the display panel, the plurality of wires configured to apply a prescribed
amount of force with respect to an adjacent wire to bend the display panel. The
plurality of wires may be provided adjacent a front surface of the back cover that faces
the display panel or adjacent a rear surface of the back cover opposite the front surface.

Here, when the wires are provided adjacent the front surface of the back cover, the



27

WO 2014/065601 PCT/KR2013/009503

[201]

[202]

[203]

[204]

controller controls a direction of current through each wire to be the same to apply a
force that pulls each wire toward an adjacent wire. Moreover, when the wires are
provided at the rear surface of the back cover, the controller controls the current
through each adjacent wire to be opposite to apply a force that pushes each wire away
from an adjacent wire.

The bending assembly may include a plurality of electromagnets arranged relative to
each other to apply a lateral force to the back cover. The plurality of electromagnets
may be provided adjacent a rear surface of the back cover that faces away from the
display panel, and the controller controls a direction of current through each elec-
tromagnet such that an N pole of one electromagnet faces an N pole of an adjacent
electromagnet. Moreover, the plurality electromagnets may be provided adjacent a
front surface of the back cover that faces the display panel, and the controller controls
a direction of current through each electromagnet such that an N pole of one elec-
tromagnet faces an S pole of an adjacent electromagnet.

The bending assembly may include a bi-metal having a first metal provided at a front
side that faces the display panel and a second metal provided at a rear side opposite the
front side, the first metal having a thermal expansion coefficient that is relatively less
than a thermal expansion coefficient of the second metal. The bending assembly may
include a bi-metal having a first metal provided at a front side that faces the display
panel and a second metal provided at a rear side opposite the front side, the second
metal being a piezoelectric element. The bending assembly may also include a piezo-
electric element that is coupled to the back cover, a length of the piezoelectric element
configured to change in a lateral direction relative to the display panel.

The bending assembly may include a heat sensitive tube, refrigerant provided in the
heat sensitive tube, a heater to heat the heat sensitive tube, and a cylinder connected to
a distal end of the sensitive heat tube, wherein, when the heater heats the refrigerant,
the heat sensitive tube expands to move the cylinder laterally to apply a lateral force to
a side edge of the back cover. A stopper may be provided at a rear surface of the back
cover that limits a range of movement of the cylinder, the stopper including an angled
surface that abuts against the cylinder when the cylinder is moved laterally. The heater
may be a heating wire that surrounds an outer surface of the heat sensitive tube.

The bending assembly may include a motor and a shaft provided behind the back
cover and extending to a lateral region of the back cover, a length of the shaft being
changed by driving the motor, wherein when the shaft is extended, a pressure is
applied to a side edge of the back cover to bend the display panel. The shaft may
include a first shaft that is rotated by the motor, and a second shaft coupled to the first
shaft through a screw gear. Moreover, a speaker may be coupled to a distal end of the

shaft. The speaker may be positioned behind the display panel when the length of the
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shaft is at a first length. The speaker may be positioned adjacent the display panel
when the length of the shaft is at a second length greater than the first length.
Moreover, the speaker may be positioned adjacent the display panel and a rear lateral
edge of the back cover to apply the pressure to the side edge of the back cover to bend
the display panel when the length of the shaft is at a third length greater than the
second length. In the various embodiments, the back cover may be formed of a Carbon
Fiber-Reinforced Plastic.

2% <6

Any reference in this specification to “one embodiment,” “an embodiment,”
“example embodiment,” etc., means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the disclosure. The appearances of such phrases in various places in the specification
are not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to effect such feature,
structure, or characteristic in connection with other ones of the embodiments.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

[Claim 1] A display device comprising:
a display panel for displaying an image;
a back cover provided behind the display panel and coupled to the
display panel;
a bending assembly coupled to the back cover to bend the display
panel; and
a controller configured to control the bending assembly to apply a
physical force to the back cover to bend the display panel a prescribed
amount.

[Claim 2] The display device according to claim 1, wherein the bending assembly
includes a plurality of elastic members formed of shape memory alloy
that expands or contracts corresponding to a change in temperature of
the shape memory alloy.

[Claim 3] The display device according to claim 2, wherein the shape memory
alloy has a cylindrical shape having a prescribed length that changes
based on an amount of current that flows through the shape memory
alloy.

[Claim 4] The display device according to claim 2, wherein the elastic members
are provided on the back cover to extend laterally across on the back
cover such that the shape memory alloy expands or contracts laterally
with respect to the back cover.

[Claim 5] The display device according to claim 4, wherein the elastic members
are provided on a front surface or a rear surface of the back cover.

[Claim 6] The display device according to claim 4, wherein a recess is formed in
the back cover to accommodate the elastic members.

[Claim 7] The display device according to claim 2, wherein a support bracket is
coupled to the back cover to support the shape memory alloy.

[Claim 8] The display device according to claim 7, further comprising a middle
cover attached to a rear surface of the display panel and provided
between the display panel and the back cover, wherein the support
bracket is provided on a front surface of the back cover between the
back cover and the middle cover, the shape memory alloy extending
laterally along the back cover and coupled to the support bracket.

[Claim 9] The display device according to claim 8, wherein the support bracket
includes a plurality of vertical portions spaced a prescribed distance

from the back cover toward the display panel, the elastic members
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coupled to the vertical portions to extend laterally across the back
cover.

The display device according to claim 9, wherein the support bracket
and the elastic members are modularized for coupling to the back
cover.

The display device according to claim 2, wherein

a support bracket is coupled to the back cover and includes a center
support that extends vertically along a center of the back cover and a
plurality of lateral supports provided at lateral regions of the back
cover, the support bracket coupling the center and lateral regions of the
back cover to the display panel, and

the back cover has a prescribed curvature in a lateral direction and
when the shape memory alloy provided laterally along the back cover
contracts in length, a center of the display is pulled toward the back
cover to bend the display panel.

The display device according to claim 11, wherein, when the shape
memory alloy contracts, the prescribed curvature of the back cover is
increased to bend the display panel.

The display device according to claim 12, wherein the plurality of
lateral supports are slidable connectors that allow the middle cover to
slide laterally relative to the back cover when the display panel is bent.
The display device according to claim 13, wherein the slidable
connectors include a body fixed at one of the back cover or the middle
cover and a moving member slidably coupled to the body and fixed to
the other one of the back cover or the middle cover.

The display device according to claim 2, further comprising a support
bracket provided a prescribed distance behind the back cover, the
support bracket extending vertically and positioned to correspond to a
center of the back cover, wherein the elastic members extend from the
support bracket to the rear cover to pull the center of the rear cover
toward the support bracket when the temperature of the shape memory
alloy is increased above a prescribed level.

The display device according to claim 15, further comprising a motor
coupled to the support bracket to rotate the support bracket along a lon-
gitudinal axis of the support bracket, wherein the shape memory alloy
is wound around an outer surface of the support bracket when the
support bracket is rotated to bend the display panel.

The display device according to claim 2, wherein the plurality of elastic
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members are provided to extend parallel to each other to form a first
column corresponding to a left side of the display panel and a second
column corresponding to a right side of the display panel.

The display device according to claim 17, wherein the controller
controls a length of the shape memory alloy in the left column to be
different than in the right column.

The display device according to claim 2, wherein the controller controls
an amount of current applied to the shape memory alloy to change a
length of the shape memory alloy to bend the display panel.

The display device according to claim 1, further comprising

a bracket coupled to a rear of the back cover,

a printed circuit board coupled to a rear of the bracket, and

a first fastener provided between the bracket and the back cover to
couple the back cover to the bracket along a central vertical axis of the
display panel.

The display device according to claim 20, further comprising a second
fastener provided between the bracket and the printed circuit board to
couple the printed circuit board to the bracket along a lateral side of the
printed circuit board.

The display device according to claim 20, further comprising a second
fastener provided between the bracket and the back cover to couple a
lateral region of the back cover to the bracket, wherein the second
fastener includes a first portion coupled to the back cover and a second
portion coupled to the bracket, the first portion being movably coupled
to the second portion to allow lateral movement of the rear cover
relative to the bracket.

The display device according to claim 1, wherein the bending assembly
includes a plurality of wires that extend vertically on the back cover
and positioned a prescribed distance from each other in a lateral
direction with respect to the display panel, the plurality of wires
configured to apply a prescribed amount of force with respect to an
adjacent wire to bend the display panel.

The display device according to claim 23, wherein the plurality of
wires are provided adjacent a front surface of the back cover that faces
the display panel or adjacent a rear surface of the back cover opposite
the front surface, wherein

when the wires are provided adjacent the front surface of the back

cover, the controller controls a direction of current through each wire to
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be the same to apply a force that pulls each wire toward an adjacent
wire, and

when the wires are provided at the rear surface of the back cover, the
controller controls the current through each adjacent wire to be
opposite to apply a force that pushes each wire away from an adjacent
wire.

The display device according to claim 1, wherein the bending assembly
includes a plurality of electromagnets arranged relative to each other to
apply a lateral force to the back cover.

The display device according to claim 25, wherein the plurality of elec-
tromagnets are provided adjacent a rear surface of the back cover that
faces away from the display panel, and the controller controls a
direction of current through each electromagnet such that an N pole of
one electromagnet faces an N pole of an adjacent electromagnet.

The display device according to claim 25, wherein the plurality elec-
tromagnets are provided adjacent a front surface of the back cover that
faces the display panel, and the controller controls a direction of current
through each electromagnet such that an N pole of one electromagnet
faces an S pole of an adjacent electromagnet.

The display device according to claim 1, wherein the bending assembly
includes a bi-metal having a first metal provided at a front side that
faces the display panel and a second metal provided at a rear side
opposite the front side, the first metal having a thermal expansion co-
efficient that is relatively less than a thermal expansion coefficient of
the second metal.

The display device according to claim 1, wherein the bending assembly
includes a bi-metal having a first metal provided at a front side that
faces the display panel and a second metal provided at a rear side
opposite the front side, the second metal being a piezoelectric element.
The display device according to claim 1, wherein the bending assembly
includes a piezoelectric element that is coupled to the back cover, a
length of the piezoelectric element configured to change in a lateral
direction relative to the display panel.

The display device according to claim 1, wherein the bending assembly
includes

a heat sensitive tube,

refrigerant provided in the heat sensitive tube,

a heater to heat the heat sensitive tube, and
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a cylinder connected to a distal end of the sensitive heat tube,

wherein, when the heater heats the refrigerant, the heat sensitive tube
expands to move the cylinder laterally to apply a lateral force to a side
edge of the back cover.

The display device according to claim 31, where a stopper is provided
at a rear surface of the back cover that limits a range of movement of
the cylinder, the stopper including an angled surface that abuts against
the cylinder when the cylinder is moved laterally.

The display device according to claim 32, wherein the heater is a
heating wire that surrounds an outer surface of the heat sensitive tube.
The display device according to claim 1, wherein the bending assembly
includes a motor and a shaft provided behind the back cover and
extending to a lateral region of the back cover, a length of the shaft
being changed by driving the motor, wherein when the shaft is
extended, a pressure is applied to a side edge of the back cover to bend
the display panel.

The display device according to claim 34, wherein the shaft includes

a first shaft that is rotated by the motor, and

a second shaft coupled to the first shaft through a screw gear.

The display device according to claim 34, wherein a speaker is coupled
to a distal end of the shaft, wherein

the speaker is positioned behind the display panel when the length of
the shaft is at a first length,

the speaker is positioned adjacent the display panel when the length of
the shaft is at a second length greater than the first length, and

the speaker is positioned adjacent the display panel and a rear lateral
edge of the back cover to apply the pressure to the side edge of the back
cover to bend the display panel when the length of the shaft is at a third
length greater than the second length.

The display device according to claim 1, wherein the back cover

comprises Carbon Fiber-Reinforced Plastic.
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