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[FIG. 3a]
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[FIG. 3b]
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[FIG. 6a]
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[FIG. 7a]
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[FIG. 8b]
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[FIG. 10a]
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[FIG. 12a]
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[FIG. 12¢]
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[FIG. 15a]
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[FIG. 16a]
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[FIG. 18a]
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FLEXIBLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuantto 35 U.S.C. § 119, this application claims
the benefit of an earlier filing date and right of priority to
International Application No. PCT/KR2020/010504, filed
on Aug. 7, 2020, the contents of which are hereby incorpo-
rated by reference herein in its entirety.

FIELD

[0002] The present disclosure relates to a device including
a flexible display and, more particularly, to a portable device
including a flexible display characterized in that the size of
the device is changed as two bodies slide with respect to
each other.

BACKGROUND

[0003] Various devices using a flexible display that can be
bent while displaying image information have been devel-
oped and introduced.

[0004] Such a flexible display has been applied to mobile
terminals such as mobile phones, smart phones, etc., and
users can carry such mobile terminals and use them in
various places.

[0005] Representative examples of mobile devices to
which a flexible display is applied are as follows.

[0006] Firstly, research and development has been under-
way for foldable devices having a structure in which a
flexible display is applied to two bodies that are connected
to each other by a folding structure (e.g., by a hinge). In such
foldable devices, since the flexible display may be disposed
to completely cover the two bodies and the folding structure,
a relatively large-sized display can be implemented in the
devices.

[0007] As another example of devices using a flexible
display, rollable devices having a structure in which a
display is rolled up and unrolled have been studied and
developed. In such rollable devices, as the flexible display is
rolled, the total size or area of the entire display can be
reduced. On the contrary, as the flexible display is unrolled,
the total size or area of the entire display can be increased.
[0008] As still another example of devices using a flexible
display, there are devices in which as two bodies slide with
respect to each other, a flexible display having a U-shape due
to a curved middle portion thereof is deformed such that the
surface area of the flexible display seen from one side
thereof changes.

[0009] In the device in which the flexible display is
deformed as two bodies slide with respect to each other, in
order to ensure that the flexible display is deformed as
intended, equal forces must be applied on the symmetrical
left and right sides of the flexible display, and it is required
to minimize friction (i.e., kinetic friction) that occurs
between the two bodies when the two bodies slide with
respect to each other.

[0010] If one of the two bodies fails to accurately move in
an intended direction with respect to the other body, damage
may occur to the flexible display. Therefore, each of the two
bodies must move accurately in an intended direction.
[0011] The device in which the flexible display is
deformed as the two bodies slide with respect to each other
may be provided with a means for facilitating sliding

Feb. 10, 2022

movement of the two bodies. Here, the size of the means is
required to be minimized within the range in which the
sliding movement of the two bodies is ensured.

[0012] If the size of the means is not minimized, the size
of the gap between the two bodies may increase, and as a
result, the device may have a relatively poor aesthetic
impression and relatively lower marketability.

[0013] In addition, if the size of the means is not mini-
mized, there may be difficulties in securing the space receiv-
ing the means within the device and securing the space in
which the flexible display is to be formed.

SUMMARY

[0014] An aspect of the present disclosure is directed to
providing a flexible display device characterized in that
when a flexible display is deformed as two bodies move (i.e.,
slide) relative to each other, rolling contact may occur at a
means for facilitating the relative movement of the two
bodies, such that slip and friction occurring when the two
bodies move relative each other may be significantly
reduced.

[0015] Another aspect of the present disclosure is directed
to providing a flexible display device in which the flexible
display is deformed as the two bodies move (i.e., slide)
relative to each other, characterized in that an area occupied
by the means for facilitating the relative movement of the
two bodies may be minimized, and the size of the gap
between the two bodies may be significantly reduced.
[0016] Yet another aspect of the present disclosure is
directed to providing a flexible display device in which the
flexible display is deformed as the two bodies move (i.e.,
slide) relative to each other, characterized in that the means
for facilitating the relative movement of the two bodies may
be formed in an edge portion of the flexible display device,
and exposure of the means to the outside of the flexible
display device may be minimized.

[0017] Still another aspect of the present disclosure is
directed to providing a flexible display device in which the
flexible display is deformed as the two bodies move (i.e.,
slide) relative to each other, characterized in that each of the
two bodies may move accurately in an intended direction
without tilting, and may move semi-automatically.

[0018] According to one aspect of the present disclosure,
the flexible display device may be formed to be gripped and
carried by a user. That is, the flexible display device may be
formed to have approximately the same size, the same
shape, and the same weight as general mobile terminals.
[0019] In some embodiments, the flexible display device
may include a first body, a second body, and a flexible
display.

[0020] The second body may be formed to move relative
to the first body in a direction parallel to a first direction. The
second body may move relative to the first body in the first
direction. The second body may move relative to the first
body in a direction opposite to the first direction.

[0021] The second body may reciprocate between a first
position and a second position in the direction parallel to the
first direction, relative to the first body. The first position
may be a relative position of the second body with respect
to the first body, and the second position may also be a
relative position of the second body with respect to the first
body.

[0022] When the second body is in the first position
relative to the first body, it can be said that the flexible
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display device is in a first state, and when the second body
is in the second position relative to the first body, it can be
said that the flexible display device is in a second state.
Accordingly, in the description of the present disclosure,
“the first position” may be used in the same sense as “the
first state of the flexible display device,” and “the second
position” may be used in the same sense as “the second state
of the flexible display device.”

[0023] The direction from the first position toward the
second position is the first direction.

[0024] The second body may include a support.

[0025] The support may be formed along a second direc-
tion, which is a direction orthogonal to the first direction.
[0026] The support may be formed in the shape of a roller
that is rotatable about a rotational axis extending in the
second direction. That is, the support may be rotatably
coupled to the second body.

[0027] The flexible display may include a first region and
a second region.

[0028] The first region may be a region of the flexible
display that is coupled to the first body. The first region may
be fixedly coupled to the first body.

[0029] The first region may be fixed in front of the first
body to face forward. The first region may form a front
surface of the flexible display device. The first region may
be formed as a plane surface. The first region may be parallel
to the first direction and the second direction.

[0030] The second region may be a region of the flexible
display that extends from the first region. A portion of the
second region may be curved. A portion of the second region
may be curved into a semicircular shape, and as the second
body moves, the position of the curved portion in the second
region may be changed.

[0031] A surface area of the second region that forms a
single plane surface with the first region may change as the
second body moves.

[0032] When the second body moves in the first direction
relative to the first body, the surface area of the second
region that forms a single plane surface with the first region
may increase. When the second body moves in the direction
opposite to the first direction relative to the first body, the
surface area of the second region that forms a single plane
surface with the first region may decrease.

[0033] The second region may be curved around the
support.
[0034] A portion of the second region may be curved

about a curvature center line, which coincides with the
rotational axis of the support, to form a curved surface.
[0035] The second region may include a first connected
region and a second connected region.

[0036] The first connected region may be a region that
extends from the first region.

[0037] The second connected region may be a region that
extends from the first connected region.

[0038] When the second body is in the first position, the
first connected region may be curved around the support to
form a curved surface, and the second connected region may
be parallel to the first region. When the second body is in the
first position, the first connected region may be curved
around the support to form a curved surface. When the
second body is in the first position, the first connected region
may form a curved surface of a semicircular shape about the
curvature center line.
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[0039] When the second body is in the second position, the
first connected region may form a single plane surface with
the first region, and a portion of the second connected region
may be curved around the support, forming a curved surface.
When the second body is in the second position, a portion of
the second connected region may be curved around the
support to form a curved surface. When the second body is
in the second position, a portion of the second connected
region may form a curved surface of a semicircular shape
about the curvature center line.

[0040] According to an aspect of the present disclosure,
the second body may include a first rolling surface and a
second rolling surface.

[0041] The first rolling surface and the second rolling
surface may be formed to be parallel to the first direction.
[0042] According to an aspect of the present disclosure,
the flexible display device may include a first wheel and a
second wheel.

[0043] The first wheel may be rotatably coupled to the first
body. The first wheel may come into contact with the first
rolling surface on a lateral surface of the first wheel in a first
contact direction perpendicular to the first direction.
[0044] The second wheel may be rotatably coupled to the
first body. The second wheel may come into contact with the
second rolling surface on a lateral surface of the second
wheel in a second contact direction perpendicular to the first
direction.

[0045] In some embodiments, the first contact direction
and the second contact direction may be symmetrical to each
other about a reference surface that bisects the first body and
the second body along a line parallel to the first direction.
[0046] In some embodiments, the reference surface may
be a surface that bisects the first body and the second body.
[0047] In some embodiments, a rotational axis of the first
wheel and a rotational axis of the second wheel may be
parallel to a direction orthogonal to a surface of the first
region.

[0048] In some embodiments, the first wheel may include
a first shaft, a first bearing, and a first rubber cap.

[0049] In some embodiments, the first wheel may include
a first shaft, a first rotation part, and a first rubber cap.
[0050] The first wheel may selectively include the first
bearing or the first rotation part. That is, the first wheel may
include either one of'the first bearing or the first rotation part.
[0051] The first shaft may form the rotational axis of the
first wheel.

[0052] The first bearing may be rotatably coupled to the
first shaft.

[0053] The first rotation part may be made of an engineer-
ing plastic having lubricity. The first rotation part may be
rotatably coupled to the first shaft.

[0054] The first rubber cap may be made of a rubber
material, and may form an outer circumferential surface of
the first wheel.

[0055] When the first wheel includes the first bearing, the
first rubber cap may be fixedly coupled to an outer circum-
ferential surface of the first bearing.

[0056] When the first wheel includes the first rotation part,
the first rubber cap may be fixedly coupled to an outer
circumferential surface of the first rotation part. Here, a
thickness of the first rubber cap in a direction of the
rotational axis may be smaller than a thickness of the first
rotation part in the direction of the rotational axis.
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[0057] In some embodiments, the second wheel may
include a second shaft, a second bearing, and a second
rubber cap.

[0058] In some embodiments, the second wheel may
include a second shaft, a second rotation part, and a second
rubber cap.

[0059] The second wheel may selectively include the

second bearing or the second rotation part. That is, the
second wheel may include either one of the second bearing
or the second rotation part.

[0060] The second shaft may form the rotational axis of
the second wheel.

[0061] The second bearing may be rotatably coupled to the
second shaft.
[0062] The second rotation part may be made of an

engineering plastic having lubricity. The second rotation part
may be rotatably coupled to the second shaft.

[0063] The second rubber cap may be made of a rubber
material, and may form an outer circumferential surface of
the second wheel.

[0064] When the second wheel includes the second bear-
ing, the second rubber cap may be fixedly coupled to an
outer circumferential surface of the second bearing.

[0065] When the second wheel includes the second rota-
tion part, the second rubber cap may be fixedly coupled to
an outer circumferential surface of the second rotation part.
Here, a thickness of the second rubber cap in the direction
of the rotational axis may be smaller than a thickness of the
second rotation part in the direction of the rotational axis.

[0066] The first body may include a first side edge portion
and a second side edge portion.

[0067] The first side edge portion and the second side edge
portion may be parallel to the first direction.

[0068] The second body may include a third side edge
portion and a fourth side edge portion.

[0069] The third side edge portion and the fourth side edge
portion may be parallel to the first direction.

[0070] In some embodiments, the first side edge portion
and the second side edge portion may be disposed between
the third side edge portion and the fourth side edge portion.
[0071] The first wheel may be rotatably fixed to the first
side edge portion.

[0072] The second wheel may be rotatably fixed to the
second side edge portion.

[0073] The first rolling surface may form an inner surface
of the third side edge portion.

[0074] The second rolling surface may form an inner
surface of the fourth side edge portion.

[0075] In some embodiments, the flexible display device
may include a first coupling groove, a second coupling
groove, a first bracket, and a second bracket.

[0076] The first coupling groove may be formed in the first
side edge portion in the shape of a concave groove that is
dented inward from an outside of the first side edge portion.
The second coupling groove may be formed in the second
side edge portion in the shape of a concave groove that is
dented inward from an outside of the second side edge
portion.

[0077] The first bracket may receive the first wheel such
that both ends of the first shaft, which forms the rotational
axis of the first wheel, are fixed, and may be inserted into the
first coupling groove and fixed therein. The first bracket may
be formed of a metal material.
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[0078] The second bracket may receive the second wheel
such that both ends of the second shaft, which forms the
rotational axis of the second wheel, are fixed, and may be
inserted into the second coupling groove and fixed therein.
The second bracket may be formed of a metal material.
[0079] The flexible display device may include a first
guide ring and a second guide ring.

[0080] The first guide ring may be placed on the first shaft,
which forms the rotational axis of the first wheel, and may
be interposed between the first wheel and the first bracket.
[0081] The second guide ring may be placed on the second
shaft, which forms the rotational axis of the second wheel,
and may be interposed between the second wheel and the
second bracket.

[0082] Each of the first wheel and the second wheel may
be fixed to an end portion of the first body that is relatively
close to the support with respect to the first direction.
[0083] According to an aspect of the present disclosure,
the flexible display device may include a first outer rail and
a second outer rail.

[0084] The first outer rail may include a first outer rolling
groove formed on an inner surface of the first outer rail to be
parallel to the first direction, and may be fixed to the third
side edge portion.

[0085] The second outer rail may include a second outer
rolling groove formed on an inner surface of the second
outer rail to be parallel to the first direction, and may be fixed
to the fourth side edge portion.

[0086] In some embodiments, the first wheel may be
rotatably coupled to the first side edge portion, and may
come into contact with the first outer rolling groove.
[0087] In some embodiments, the second wheel may be
rotatably coupled to the second side edge portion, and may
come into contact with the second outer rolling groove.
[0088] The flexible display device may further include a
first inner rail and a second inner rail.

[0089] The first inner rail may include a first inner rolling
groove formed on an outer surface of the first inner rail to be
parallel to the first direction, and may be fixed to the first
side edge portion.

[0090] The second inner rail may include a second inner
rolling groove formed on an outer surface of the second
inner rail to be parallel to the first direction, and may be fixed
to the second side edge portion.

[0091] In some embodiments, the first wheel may come
into contact with the first inner rolling groove, and the
second wheel may come into contact with the second inner
rolling groove.

[0092] The flexible display device may further include a
third wheel and a fourth wheel.

[0093] The third wheel may be rotatably coupled to the
third side edge portion behind the first wheel with respect to
the first direction, and may come into contact with the first
inner rolling groove.

[0094] The fourth wheel may be rotatably coupled to the
fourth side edge portion behind the second wheel with
respect to the first direction, and may come into contact with
the second inner rolling groove.

[0095] In some embodiments, the first wheel may come
into contact with the first inner rolling groove, and the
second wheel may come into contact with the second inner
rolling groove.



US 2022/0044598 Al

[0096] In some embodiments, the third wheel may come
into contact with the first outer rolling groove, and the fourth
wheel may come into contact with the second outer rolling
groove.

[0097] In some embodiments, a longitudinal cross-section
of each of the first wheel, the second wheel, the third wheel,
and the fourth wheel may have a rhombus shape. In some
embodiments, a longitudinal cross-section of a lateral sur-
face of each of the first wheel, the second wheel, the third
wheel, and the fourth wheel may have a shape of an isosceles
triangle that is rotationally symmetrical about each of the
rotational axis. In some embodiments, a radially outer
surface of each of the first wheel, the second wheel, the third
wheel, and the fourth wheel may have a V-shaped convex
cross section. Each of the first outer rolling groove and the
first inner rolling groove may have a V-shaped concave cross
section corresponding to the radially outer surface of the first
wheel or the third wheel, and each of the second outer rolling
groove and the second inner rolling groove may have a
V-shaped concave cross section corresponding to the radi-
ally outer surface of the second wheel or the fourth wheel.
[0098] In some embodiments, a cross section of each of
the first outer rolling groove, the second outer rolling
groove, the first inner rolling groove, and the second inner
rolling groove cut along the first direction may have a
triangular shape.

[0099] In some embodiments, the first wheel and the
second wheel may be provided as a pair of first wheels and
a pair of second wheels, respectively.

[0100] In some embodiments, the pair of first wheels and
the pair of second wheels may be symmetrical to each other,
the first outer rail and the second outer rail may be sym-
metrical to each other, the first inner rail and the second
inner rail may be symmetrical to each other, and the third
wheel and the fourth wheel may be symmetrical to each
other, about the reference surface.

[0101] In some embodiments, the flexible display device
may further include an actuator.

[0102] The actuator may be made of a metal material.
[0103] The actuator may be formed in the shape of, for
example, a spring.

[0104] The actuator may be formed in a curved shape
along a surface that is parallel to the first region.

[0105] One end portion of the actuator may be rotatably
coupled to the first body, and the other end portion of the
actuator may be rotatably coupled to the second body.
[0106] The actuator may be elastically deformed.

[0107] A degree of elastic deformation of the actuator
measured when the second body is between the first position
and the second position may be greater than a degree of
elastic deformation of the actuator measured when the
second body is in the first position or the second position.
[0108] The flexible display device may further include a
plurality of support bars.

[0109] The plurality of support bars may be formed to
extend in a direction that is parallel to the second direction.
The plurality of support bars may be fixed to an inner surface
of the second region.

[0110] Each of the plurality of support bars may include a
first support slider, a second support slider, and a connection
arm.

[0111] The first support slider may form one end portion of
a support bar.
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[0112] The second support slider may form the other end
portion of the support bar at the opposite side thereof to the
first support slider.

[0113] The connection arm may connect the first support
slider to the second support slider and may support the
second region.

[0114] The second body may include a first movement
guide groove and a second movement guide groove.
[0115] The first movement guide groove may be formed as
a U-shaped groove, and may form a path into which the first
support slider is inserted and through which the first support
slider moves.

[0116] The second movement guide groove may be
formed as a U-shaped groove to form a path into which the
second support slider is inserted and through which the
second support slider moves.

[0117] When the user moves the second body relative to
the first body while gripping the first body, or when the user
moves the first body relative to the second body while
gripping the second body, the first wheel may roll on the first
rolling surface with the lateral surface thereof contacting the
first rolling surface in the first contact direction, and the
second wheel may roll on the second rolling surface with the
lateral surface thereof contacting the second rolling surface
in the second contact direction. The first contact direction
and the second contact direction may be symmetrical to each
other about the reference surface. Accordingly, friction
between the first wheel and the first rolling surface and
between the second wheel and the second rolling surface
occurring due to slipping may be prevented, and friction
(i.e., kinetic friction) occurring around the first wheel and
the second wheel may be significantly reduced. Accordingly,
the flexible display device may operate smoothly.

[0118] The first wheel and the second wheel may be
coupled to the first body, and each of the first rolling surface
and the second rolling surface may form a portion of the
inner surface of the second body. When a direction orthogo-
nal to the first direction and the second direction is a third
direction, the direction of the rotational axes of the first
wheel and the second wheel may be parallel to the third
direction. Here, thicknesses of the first wheel and the second
wheel in the third direction may be sufficiently small, and
diameters of the first wheel and the second wheel in the first
direction and the second direction may be sufficiently small,
as compared to the total size of the flexible display device.
That is, the area (i.e., space) occupied by the first wheel and
the second wheel relative to the entire area of the flexible
display device may be minimized. Accordingly, limitations
regarding the form (i.e., design limitations) of the first body
and the second body caused by the first wheel and the second
wheel may be reduced, and the size of the gap formed
between the first body and the second body may be mini-
mized.

[0119] When the flexible display device includes the first
wheel, the second wheel, the first rolling surface, and the
second rolling surface, the first rolling surface may form the
inner surface of the third side edge portion and may be
positioned further outside than the first wheel, and the
second rolling surface may form the inner surface of the
fourth side edge portion and may be positioned further
outside than the second wheel. Meanwhile, when the flexible
display device includes the first outer rail, the second outer
rail, the first wheel, and the second wheel, the first outer rail
may be positioned further outside than the first wheel, and
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the second outer rail may be positioned further outside than
the second wheel. Accordingly, when the second body
moves between the first position and the second position, the
first wheel and the second wheel may be prevented from
being exposed to the outside, and foreign material may be
blocked from getting into the first wheel and the second
wheel.

[0120] In the flexible display device, when the second
body moves relative to the first body, the first wheel and the
third wheel may roll on the first outer rail and the first inner
rail between the first outer rail and the first inner rail, and the
second wheel and the fourth wheel may roll on the second
outer rail and the second inner rail between the second outer
rail and the second inner rail. Accordingly, the second body
may move accurately in an intended direction (i.e., in the
first direction or in the direction opposite to the first direc-
tion) relative to the first body without tilting, and an unin-
tended deformation of the flexible display may be prevented.
[0121] In the flexible display device, the degree of elastic
deformation of the actuator measured when the second body
is between the first position and the second position may be
greater than the degree of elastic deformation of the actuator
measured when the second body is in the first position or the
second position. Accordingly, the first state or the second
state of the flexible display device may be stably maintained,
and a clearance gap between the first body and the second
body may be minimized. In addition, when the user slightly
moves the second body relative to the first body while
gripping the first body, the flexible display device may be
semi-automatically deformed to the first state or the second
state, and when the user slightly moves the first body relative
to the second body while gripping the second body, the
flexible display device may be semi-automatically deformed
to the first state or the second state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0122] The foregoing and other aspects, features, and
advantages of the invention, as well as the following detailed
description of the embodiments, will be better understood
when read in conjunction with the accompanying drawings.
For the purpose of illustrating the present disclosure, there
is shown in the drawings an exemplary embodiment, it being
understood, however, that the present disclosure is not
intended to be limited to the details shown because various
modifications and structural changes may be made therein
without departing from the spirit of the present disclosure
and within the scope and range of equivalents of the claims.
The use of the same reference numerals or symbols in
different drawings indicates similar or identical items.

[0123] FIG. 1 is a block diagram for explaining a flexible
display device.
[0124] FIG. 2a is a perspective view of a flexible display

in a first state, and FIG. 25 is a perspective view of the
flexible display device of FIG. 2a in a second state in which
the flexible display has been deformed. In FIGS. 24 and 25,
a first wheel, a second wheel, a first bracket, and a second
bracket provided within the flexible display device are
illustrated in dotted lines.

[0125] FIG. 3a is a rear view of the flexible display device
of FIG. 2a, and FIG. 35 is a rear view of the flexible display
device of FIG. 25.

[0126] FIG. 4 is an exploded perspective view of the
flexible display device of FIG. 2a.
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[0127] FIG. 5a is a perspective view of a flexible display
separated from the flexible display device in the first state,
and FIG. 55 is a perspective view of the flexible display of
FIG. 5a when the flexible display has been deformed (i.e.
when the flexible display device is in the second state).
[0128] FIG. 6a is a cross-sectional view of the flexible
display device of FIG. 2a taken along the line A to A'. FIG.
65 is a cross-sectional view of the flexible display device of
FIG. 6a when the flexible display device has been deformed.
[0129] FIG. 7a is a cross-sectional view of the flexible
display separated from the flexible display device of FIG.
6a, and FIG. 7b is a cross-sectional view of the flexible
display separated from the flexible display device of FIG.
6b.

[0130] FIG. 8a is a cross-sectional view illustrating inner
surfaces of a third side edge portion and a second edge
portion, and FIG. 85 is a cross-sectional view illustrating
inner surfaces of a fourth side edge portion and the second
edge portion.

[0131] FIG. 9 is a cross-sectional view schematically
illustrating a state in which a support bar, an inner plate, and
a flexible display are coupled.

[0132] FIG. 10a and FIG. 106 are perspective views
respectively illustrating some parts of the flexible display
device according to an embodiment of the present disclo-
sure.

[0133] FIG. 11a is a perspective view illustrating a state in
which a first wheel and a first bracket (or a second wheel and
a second bracket) are coupled to each other according to an
embodiment of the present disclosure, and FIG. 115 is an
exploded perspective view of FIG. 11a.

[0134] FIG. 11c is a perspective view illustrating a state in
which the first wheel and the first bracket (or the second
wheel and the second bracket) are decoupled from each
other according to an embodiment of the present disclosure,
and FIG. 114 is a cross-sectional view schematically illus-
trating a state in which the first wheel and the first bracket
(or the second wheel and the second bracket) of FIG. 11c are
coupled to each other.

[0135] FIG. 12a illustrates a state in which the first wheel
and the first bracket are coupled to a first coupling groove of
a first body, FIG. 125 illustrates the first coupling groove of
the first body, FIG. 12¢ illustrates a state in which the second
wheel and the second bracket are coupled to a second
coupling groove of the first body, and FIG. 124 illustrates the
second coupling groove of the first body.

[0136] FIG. 13 is a rear view of the flexible display device
in the second state according to an embodiment of the
present disclosure.

[0137] FIG. 14 is a perspective view illustrating a state in
which the first wheel and the first bracket (or the second
wheel and the second bracket) are decoupled from each
other according to an embodiment of the present disclosure.
[0138] FIGS. 154 and 155 are views for explaining the
coupling relationship and working relationship between a
first wheel, a second wheel, a third wheel, a fourth wheel, a
first outer rail, a second outer rail, a first inner rail, and a
second inner rail. FIG. 15a schematically illustrates the
flexible display device in the first state, and FIG. 15b
schematically illustrates the flexible display device in the
second state.

[0139] FIG. 16a is a cross-sectional view of the flexible
display device of FIG. 15a taken along the line B to B, and
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FIG. 165 is a cross-sectional view of the flexible display
device of FIG. 155 taken along the line C to C'.

[0140] FIG. 17a illustrates the first wheel, the third wheel,
the first outer rail, and the first inner rail of the flexible
display device in the first state, FIG. 175 illustrates the
second wheel, the fourth wheel, the second outer rail, and
the second inner rail of the flexible display device in the first
state, FIG. 17¢ illustrates the first wheel, the third wheel, the
first outer rail, and the first inner rail of the flexible display
device in the second state, and FIG. 174 illustrates the
second wheel, the fourth wheel, the second outer rail, and
the second inner rail of the flexible display device in the
second state.

[0141] FIGS. 18a and 185 are views for explaining the
coupling relationship and working relationship between a
first body, a second body, and an actuator. FIG. 18a sche-
matically illustrates the flexible display device in the first
state, and FIG. 18b schematically illustrates the flexible
display device in the second state.

DETAILED DESCRIPTION

[0142] Hereinafter, exemplary embodiments disclosed
herein will be described in detail with reference to the
accompanying drawings. Like reference numerals designate
like elements, and redundant description thereof will be
omitted.

[0143] Suffixes “module” and “unit” or “portion” or “part”
for elements used in the following description are merely
provided for facilitation of preparing this specification, and
thus they are not granted a specific meaning or function. In
the following description, when it is considered that known
functions or structures may confuse the gist of the embodi-
ments of the present disclosure, the known functions or
structures are not explained. Further, the accompanying
drawings are provided for easy understanding of the
embodiment disclosed in the present specification, but the
technical spirit of the present disclosure is not limited by the
accompanying drawings. It should be understood that all
changes, equivalents, and alternatives included in the spirit
and the technical scope of the present disclosure are
included.

[0144] Although the terms first, second, third, and the like
may be used herein to describe various elements, compo-
nents, regions, layers, and/or sections, these elements, com-
ponents, regions, layers, and/or sections should not be
limited by these terms. These terms are generally only used
to distinguish one element from another.

[0145] When an element or layer is referred to as being
“on,” “engaged to,” “connected to,” or “coupled to” another
element or layer, it may be directly on, engaged, connected,
or coupled to the other element or layer, or intervening
elements or layers may be present. In contrast, when an
element is referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening
elements or layers present.

[0146] As used herein, the articles an,” and “the,”
include plural referents unless the context clearly dictates
otherwise.

[0147] It should be understood that the terms “comprises,”
“comprising,” “includes,” “including,” “containing,” “has,”
“having” or any other variation thereof specify the presence
of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
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addition of one or more other features, integers, steps,
operations, elements, and/or components.

[0148] Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0149] The term “or” is meant to be inclusive and means
either, any, several, or all of the listed items.

[0150] A flexible display device described in the present
specification may include a mobile terminal such as a
portable phone, a smartphone, a laptop computer, a digital
broadcast terminal, a personal digital assistant (PDA), a
portable multimedia player (PMP), a navigation, a slate PC,
a tablet PC, an ultra-book, a wearable device, a smart watch,
a smart glass, a head mounted display (HMD), and the like.
[0151] It will be apparent to those skilled in the art that the
configuration according to the embodiments disclosed in the
present specification may be applied to fixed terminals such
as a digital TV, a desktop computer, a digital signage, and the
like, except for when the configuration is applied only to a
mobile terminal. Hereinafter, in the present disclosure, for
the convenience of description, the mobile terminal will be
first described as an example of the flexible display device.
[0152] FIG. 1 is a block diagram for explaining a mobile
terminal 100 related to the present disclosure.

[0153] The mobile terminal 100 may include a wireless
transceiver 110, an input interface 120, a sensor 140, an
output interface 150, an interface 160, a memory 170, a
controller 180, and a power supply 190. The elements shown
in FIG. 1 are not essential to implement the mobile terminal,
and the mobile terminal described in this specification may
include more or fewer elements than the above-enumerated
elements.

[0154] More specifically, the wireless transceiver 110 may
include one or more modules that enable wireless commu-
nications between the mobile terminal 100 and a wireless
communication system, between the mobile terminal 100
and another mobile terminal 100, or between the mobile
terminal 100 and an external server. Further, the wireless
transceiver 110 may include one or more modules connect-
ing the mobile terminal 100 to one or more networks.
[0155] The wireless transceiver 110 may include at least
one of a broadcast receiving module 111, a mobile commu-
nication module 112, a wireless internet module 113, a near
field communication module 114, or a position information
module 115.

[0156] The input interface 120 may include a camera 121
or a video input interface, which are configured to receive
input of a video signal, a microphone 122 or an audio input
interface, which are configured to receive input of an audio
signal, and a user input interface 123 (for example, a touch
key or a mechanical key), which is configured to receive an
input of information from a user. Voice data or image data
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collected by the input interface 120 may be analyzed and
processed as a control command of the user.

[0157] The sensor 140 may include one or more sensors
configured to sense at least one piece of information among
information in the mobile terminal, surrounding environ-
ment information of the mobile terminal, or user informa-
tion. For example, the sensor 140 may include at least one
of a proximity sensor 141, an illumination sensor 142, a
touch sensor, an acceleration sensor, a magnetic sensor, a
G-sensor, a gyroscope sensor, a motion sensor, an RGB
sensor, an infrared (IR) sensor, a finger scan sensor, an
ultrasonic sensor, an optical sensor (for example, a camera
121), a microphone 122, a battery gauge, an environment
sensor (for example, a barometer, a hygrometer, a thermom-
eter, a radiation sensor, a thermal sensor, a gas sensor, etc.),
and a chemical sensor (for example, an electronic nose, a
healthcare sensor, or a biometric sensor). Further, the mobile
terminal disclosed in the present specification may combine
information sensed by at least two sensors from the above-
mentioned sensors and may use the combined information.

[0158] The output interface 150 may be for generating
outputs related to visual, auditory, or tactile senses, and may
include at least one of a display 151, a sound output interface
152, a haptic module 153, or an optical output interface 154.
The display 151 may form a mutual layer structure with a
touch sensor or may be formed integrally with a touch
sensor, to be implemented as a touch screen. The touch
screen may serve as a user input interface 123 configured to
provide an input interface between the mobile terminal 100
and the user, and at the same time, may provide an output
interface between the mobile terminal 100 and the user.

[0159] The interface 160 may serve as a passage between
the mobile terminal 100 and various types of external
devices connected to the mobile terminal 100. The interface
160 may include at least one of a wired/wireless headset
port, an external charger port, a wired/wireless data port, a
memory card port, a port for connecting a device equipped
with an identification module, an audio input/output (I/O)
port, a video input/output (I/O) port, or an earphone port. In
response to a connection between an external device and the
interface 160, the mobile terminal 100 may perform an
appropriate control regarding the connected external device.

[0160] Further, the memory 170 may store therein data
supporting various functions of the mobile terminal 100. The
memory 170 may store therein a plurality of application
programs (or applications) driven in the mobile terminal
100, data for operations of the mobile terminal 100, and
commands. At least some of the application programs may
be downloaded from an external server through wireless
communication. Further, for the basic functions of the
mobile terminal 100 (for example, functions for receiving
and making calls and receiving and sending messages), at
least some of the application programs may be provided in
the mobile terminal 100 from the time of manufacture. The
application programs may be stored in the memory 170 and
installed on the mobile terminal 100 so as to be driven by the
controller 180 to perform operations (or functions) of the
mobile terminal 100.

[0161] In addition to the operations related to the appli-
cation programs, the controller 180 may generally control
overall operation of the mobile terminal 100. The controller
180 may process a signal, data, or information that is
inputted or outputted through the above-described elements
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or drive the application programs stored in the memory 170
to thereby provide appropriate information or functions to
the user or process them.

[0162] Further, in order to drive the application programs
stored in the memory 170, the controller 180 may control at
least one of the elements described with reference to FIG. 1.
Moreover, the controller 180 may combine and operate at
least two of the elements included in the mobile terminal 100
to drive the application programs.

[0163] Under the control of the controller 180, the power
supply 190 may be supplied with external power or internal
power, and supply power to each element included in the
mobile terminal 100. The power supply 190 may include a
battery, and the battery may be an internal battery or a
replaceable battery.

[0164] At least some of the above-described elements may
operate in cooperation with each other to implement the
operation or control of the mobile terminal or the control
method of the mobile terminal according to various embodi-
ments which will be described below. Further, the operation
or control of the mobile terminal or the control method of the
mobile terminal may be implemented on the mobile terminal
by driving at least one application program stored in the
memory 170.

[0165] Hereinafter, prior to describing various embodi-
ments implemented by the mobile terminal 100 described
above, the above-mentioned elements will be described in
more detail with reference to FIG. 1.

[0166] The broadcast receiving module 111 of the wireless
transceiver 110 may receive a broadcast signal and/or broad-
cast-related information from an external broadcast man-
agement server through a broadcast channel. The broadcast
channel may include a satellite channel and a ground wave
channel. The mobile terminal 100 may be provided with two
or more broadcast receiving modules for simultaneous
reception of at least two broadcast channels or for broadcast
channel switching.

[0167] The broadcast management server may refer to a
server that generates and transmits a broadcast signal and/or
broadcast-related information, or a server that is supplied
with a previously generated broadcast signal and/or broad-
cast-related information and transmits the supplied broad-
cast signal and/or broadcast-related information to the
mobile terminal 100. The broadcast signal may include not
only a TV broadcast signal, a radio broadcast signal, and a
data broadcast signal, but also a broadcast signal obtained by
combining a TV broadcast signal or a radio broadcast signal
with a data broadcast signal.

[0168] The broadcast signal may be encoded according to
at least one of technical standards for transmission and
reception of a digital broadcast signal (or broadcast schemes,
such as ISO, IEC, DVB, or ATSC), and the broadcast
receiving module 111 may receive the digital broadcast
signal by using an appropriate method meeting the technical
specification determined by the technical standards.

[0169] The broadcast-related information may refer to
information related to a broadcast channel, a broadcast
program, or a broadcast service provider. The broadcast-
related information may also be provided through the mobile
communication network. Here, the broadcasting-related
information may be received by the mobile communication
module 112.

[0170] The broadcast-related information may exist in
various forms, such as an electronic program guide of digital
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multimedia broadcasting (DMB) or an electronic service
guide of a digital video broadcast-handheld (DVB-H). The
broadcast signal and/or the broadcast-related information
received through the broadcast receiving module 111 may be
stored in the memory 170.

[0171] The mobile communication module 112 may trans-
mit/receive a wireless signal to/from at least one of a base
station, an external terminal, or a server on a mobile com-
munication network established according to the technical
standards for mobile communications or communication
methods (for example, Global System for Mobile commu-
nication (GSM), Code Division Multi Access (CDMA),
Code Division Multi Access 2000 (CDMA2000), Enhanced
Voice-Data Optimized or Enhanced Voice-Data Only (EV-
DO), Wideband CDMA (WCDMA), High Speed Downlink
Packet Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), Long Term Evolution (LTE), and Long Term
Evolution-Advanced (LTE-A)).

[0172] The wireless signal may include a voice call signal,
a video call signal, or various forms of data for transmission
or reception of a text/multimedia message.

[0173] The wireless internet module 113 may refer to a
module for wireless Internet connection, and may be
installed in the mobile terminal 100 or installed outside the
mobile terminal 100. The wireless internet module 113 may
be configured to transmit and receive a wireless signal over
a communication network according to wireless Internet
technologies.

[0174] Wireless Internet technologies may include, for
example, wireless LAN (MILAN), wireless fidelity (Wi-Fi),
Wi-Fi direct, Digital Living Network Alliance (DLNA),
wireless broadband (WiBro), Worldwide Interoperability for
Microwave Access (WiMAX), High Speed Downlink
Packet Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), Long Term Evolution (LTE), and Long Term
Evolution-Advanced (LTE-A). The wireless internet module
113 may transmit and receive data in accordance with at
least one wireless Internet technology from among the
above-mentioned wireless Internet technologies and wire-
less Internet technologies that were not described above.
[0175] From the viewpoint that the wireless internet con-
nection through, for example, WiBro, HSDPA, HSUPA,
GSM, CDMA, WCDMA, LTE, and LTE-A is made through
the mobile communication network, the wireless internet
module 113, which performs the wireless Internet connec-
tion through the mobile communication network, may be
understood as one type of the mobile communication mod-
ule 112.

[0176] The near field communication module 114 may be
for short-range communications, and may support short-
range communications by using at least one of Bluetooth™,
radio frequency identification (RFID), infrared data associa-
tion (IrDA), ultra wideband (UWB), ZigBee, Short-range
Communication (NFC), wireless fidelity (Wi-Fi), Wi-Fi
Direct, or Wireless Universal Serial Bus (Wireless USB).
The near field communication module 114 may support
wireless communications, over a near-field wireless com-
munication network, between the mobile terminal 100 and
the wireless communication system, between the mobile
terminal 100 and another mobile terminal 100, or between
the mobile terminal 100 and a network in which another
mobile terminal 100 (or external server) is located. The
near-field wireless communication network may be a wire-
less personal area network.
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[0177] Here, the another mobile terminal 100 may be a
wearable device (for example, a smart watch, a smart glass,
or a head mounted display (HMD)) capable of exchanging
data (or interworking) with the mobile terminal 100 accord-
ing to the present disclosure. The near field communication
module 114 may sense (or recognize) the presence of a
wearable device that is capable of communicating with the
mobile terminal 100, in the vicinity of the mobile terminal
100. Moreover, when the detected wearable device is a
device that has been authenticated to communicate with the
mobile terminal 100 according to the present disclosure, the
controller 180 may transmit at least a portion of data
processed in the mobile terminal 100 to the wearable device
through the near field communication module 114. There-
fore, the user of the wearable device may use, through the
wearable device, the data that have been processed in the
mobile terminal 100. For example, according to this, when
a phone call is received by the mobile terminal 100, the user
may receive the phone call through the wearable device, or
when a message is received by the mobile terminal 100, the
user may check the received message through the wearable
device.

[0178] The position information module 115 may be a
module for obtaining a position (or a current position) of a
mobile terminal, and its representative examples may
include a global positioning system (GPS) module or a
wireless fidelity (Wi-Fi) module. For example, when a GPS
module is utilized, the mobile terminal may obtain the
position of the mobile terminal by using a signal transmitted
from a GPS satellite. As another example, when a Wi-Fi
module is utilized, the mobile terminal may obtain the
position of the mobile terminal on the basis of information
on a wireless access point (AP) which transmits and receives
wireless signals to and from the Wi-Fi module. If necessary,
the position information module 115 may alternatively or
additionally perform a function of another module of the
wireless transceiver 110 to obtain data on the position of the
mobile terminal. The position information module 115 may
be a module used to obtain the position (or the current
position) of the mobile terminal, and is not limited to a
module that directly calculates or obtains the position of the
mobile terminal.

[0179] Next, the input interface 120 may be for receiving
input of video information (or signal), audio information (or
signal), data, or information inputted by the user. For receiv-
ing input of the video information, the mobile terminal 100
may include a camera 121 or a plurality of cameras 121. The
camera 121 may process an image frame such as a still
image or a moving image obtained by an image sensor in a
video call mode or a photographing mode. The processed
image frame may be displayed on the display 151 or stored
in the memory 170. Further, the plurality of cameras 121
provided in the mobile terminal 100 may be arranged to
form a matrix structure, and a plurality of pieces of image
information having various angles or focal points may be
inputted to the mobile terminal 100 through the plurality of
cameras 121 forming the matrix structure. In addition, the
plurality of cameras 121 may be arranged to form a stereo
structure to obtain left and right images used to implement
a stereoscopic image.

[0180] The microphone 122 may process an external
sound signal into electric voice data. The processed voice
data may be utilized in various manners in accordance with
the function that is being performed in the mobile terminal



US 2022/0044598 Al

100 (or in accordance with an application program that is
being executed). Various noise removal algorithms for
removing noise generated during the process of receiving
the external sound signal may be implemented in the micro-
phone 122.

[0181] The user input interface 123 may be for receiving
information from the user, and when information is inputted
through the user input interface 123, the controller 180 may
control operation of the mobile terminal 100 so as to
correspond to the inputted information. The user input
interface 123 may include a mechanical input interface (or
a mechanical key, such as a button located on a front, rear,
or side surface of the mobile terminal 100, a dome switch,
a jog wheel, a jog switch, etc.) and a touch type input
interface. For example, the touch type input interface may be
formed as a virtual key, a soft key, or a visual key displayed
on a touch screen through a software process, or as a touch
key disposed in a part other than the touch screen. The
virtual key or the visual key may be displayed on the touch
screen in various shapes, and may include, for example,
graphics, text, icons, video, or a combination thereof.
[0182] The sensor 140 may sense at least one of informa-
tion in the mobile terminal, information of the surrounding
environment of the mobile terminal, or user information, and
generate a sensing signal corresponding to sensed informa-
tion. On the basis of the sensing signal, the controller 180
may control the driving or operation of the mobile terminal
100 or perform data processing, functions, or operations
related to an application program installed in the mobile
terminal 100. Representative sensors among various sensors
that can be included in the sensor 140 will now be described
in more detail.

[0183] First, the proximity sensor 141 may be a sensor that
senses the presence of an object that is approaching a
predetermined sensing surface or the presence of nearby
objects, by using the force of an electromagnetic field or
infrared ray without any mechanical contact. The proximity
sensor 141 may be disposed in an internal area of the mobile
terminal 100, which is enclosed by the above-described
touch screen, or may be disposed in the vicinity of the touch
screen.

[0184] Examples of the proximity sensor 141 may include
a transmission type photoelectric sensor, a direct reflection
type photoelectric sensor, a mirror reflection type photoelec-
tric sensor, a high frequency oscillation type proximity
sensor, a capacitive proximity sensor, a magnetic proximity
sensor, and an infrared proximity sensor. When the touch
screen is a capacitive type, the proximity sensor 141 may be
configured to detect proximity of an object by sensing a
change in the electric field caused by an approaching object
having conductivity. Here, the touch screen (or the touch
sensor) itself may be classified as a proximity sensor.

[0185] For convenience of description, when an object
approaches the touch screen without contacting the touch
screen, and it is recognized that the object is located above
the touch screen, it is referred to as a “proximity touch.”
When the object actually touches the touch screen, it is
referred to as a “contact touch.” A position at which the
object proximately touches the touch screen may be a
position at which the object vertically corresponds to the
touch screen when the object proximately touches the touch
screen. The proximity sensor 141 may sense a proximity
touch and a proximity touch pattern (for example, a prox-
imity touch distance, a proximity touch direction, a prox-
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imity touch speed, a proximity touch time, a proximity touch
position, a proximity touch movement state, etc.). As
described above, the controller 180 may process data (or
information) corresponding to a proximate touch operation
and a proximate touch pattern sensed by the proximity
sensor 141, and may output visual information correspond-
ing to the processed data on the touch screen. Furthermore,
the controller 180 may control the mobile terminal 100 to
process different operations or data (or information) depend-
ing on whether the touch on the same point on the touch
screen is the proximity touch or the contact touch.

[0186] The touch sensor may sense a touch (or a touch
input) applied to the touch screen (or the display 151) by
using at least one of various touch types, such as a resistive
film type, a capacitive type, an infrared type, an ultrasonic
type, and a magnetic field type.

[0187] For example, the touch sensor may be configured
to convert a change in pressure that is applied to a specific
portion of the touch screen, or a change in capacitance that
is generated in a specific portion of the touch screen, into an
electrical input signal. The touch sensor may be configured
to detect a position where a touch subject which applies a
touch onto the touch screen is touched on the touch sensor,
the surface area of the touch, the pressure of the touch, and
the capacitance at the time of the touch. Here, the touch
subject may be an object that applies a touch to the touch
sensor, and may include, for example, a finger, a touch pen,
a stylus pen, and a pointer.

[0188] As described above, when there is a touch input to
the touch sensor, a signal or signals corresponding to the
touch input may be transmitted to a touch controller. The
touch controller may process the signal(s) and then transmit
corresponding data to the controller 180. Then, the control-
ler 180 may confirm which area of the display 151 was
touched. Here, the touch controller may be a separate
element from the controller 180, or may be the controller
180 itself.

[0189] The controller 180 may perform a different control
or the same control depending on a type of a touch subject
touching the touch screen (or a touch key provided other
than the touch screen). Whether to perform a different
control or the same control depending on the type of touch
subject may be determined in accordance with a current
operating state of the mobile terminal 100 or an application
program that is being executed.

[0190] The touch sensor and the proximity sensor
described above may, independently or in combination,
sense various types of touches on the touch screen, such as
a short (or tap) touch, a long touch, a multi touch, a drag
touch, a flick touch, a pinch-in touch, a pinch-out touch, a
swipe touch, or a hovering touch.

[0191] The ultrasonic sensor may recognize position infor-
mation of a sensing object by using an ultrasonic wave. The
controller 180 may be able to calculate a position of a wave
generating source from information sensed by an optical
sensor and a plurality of ultrasonic sensors. The position of
the wave generating source may be calculated by using the
property of light that light is much faster than an ultrasonic
wave, that is, the time in which light reaches the optical
sensor is much shorter than the time in which the ultrasonic
wave reaches the ultrasonic sensor. More specifically, the
position of the wave generating source may be calculated by
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using the difference between the arrival time of the ultra-
sonic wave and the arrival time of the light, with the light as
a reference signal.

[0192] As an element of the input interface 120, the
camera 121 may include at least one of a camera sensor (for
example, a CCD or a CMOS), a photo sensor (or an image
sensor), or a laser sensor.

[0193] The camera 121 and the laser sensor may be
combined to sense a touch of a sensing object for a three-
dimensional stereoscopic image. The photo sensor may be
stacked on a display element and may be configured to scan
a motion of the sensing object proximate to the touch screen.
More specifically, the photo sensor may be formed by
mounting a photo diode and a transistor (TR) in rows/
columns to scan an object on the photo sensor by using an
electrical signal which changes in accordance with the
amount of light applied to the photo diode. That is, the photo
sensor may calculate coordinates of a sensing object in
accordance with a change in the amount of light, to thereby
obtain position information of the sensing object.

[0194] The display 151 may display (output) information
processed in the mobile terminal 100. For example, the
display 151 may display execution screen information of an
application program driven in the mobile terminal 100, or
user interface (UI) and graphic user interface (GUI) infor-
mation in accordance with the execution screen information.
[0195] Further, the display 151 may be configured as a
stereoscopic display which displays a stereoscopic video.

[0196] A three-dimensional display type, such as a stereo-
scopic type (a glasses type), an autostereoscopic type (a
glasses-free type), and a projection type (a holographic
type), may be applied to the stereoscopic display.

[0197] The sound output interface 152 may output audio
data received from the wireless transceiver 110 in, for
example, a call signal reception mode, a phone-call mode, a
recording mode, a voice recognition mode, and a broadcast
reception mode, or audio data stored in the memory 170. The
sound output interface 152 may also output a sound signal
(for example, a call signal reception sound and a message
reception sound) related to a function performed in the
mobile terminal 100. The sound output interface 152 may
include, for example, a receiver, a speaker, and a buzzer.

[0198] The haptic module 153 may generate various tac-
tile effects the user can feel. A representative example of the
tactile effect generated by the haptic module 153 may be
vibration. An intensity and a pattern of the vibration gener-
ated in the haptic module 153 may be controlled by the user
or a setting of the controller 180. For example, the haptic
module 153 may synthesize vibrations different from one
another to output the synthesized vibrations, or sequentially
output the different vibrations.

[0199] In addition to vibration, the haptic module 153 may
generate various tactile effects, such as effects by a pin
arrangement which vertically moves to a contact skin sur-
face, an injection force or a suction force of air through an
injection port or a suction port, grazing on a skin surface,
electrode contact, or stimulation of an electrostatic force or
effects of reproducing a cold or hot sensation using a heat
absorbing or heat emitting element.

[0200] The haptic module 153 may not only transmit a
tactile effect through direct contact, but may also be imple-
mented to allow the user to feel a tactile effect through
muscular sensation of a finger or an arm. Two or more haptic
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modules 153 may be provided depending on the configura-
tion of the mobile terminal 100.

[0201] The optical output interface 154 may output a
signal for providing notification of occurrence of an event by
using light of a light source of the mobile terminal 100.
Examples of the events generated in the mobile terminal 100
may include, for example, message reception, call signal
reception, missed call, alarm, schedule notification, email
reception, and information reception through an application.

[0202] The signal outputted from the optical output inter-
face 154 may be implemented as the mobile terminal 100
emits light of a single color or a plurality of colors to a front
surface or a rear surface thereof. The output of the signal
may end as the mobile terminal 100 senses confirmation of
the event by the user.

[0203] The interface 160 may serve as a passage to all
external devices that are connected to the mobile terminal
100. The interface 160 may receive data from an external
device or may be supplied with the power source and
transmit the supplied power source to each element in the
mobile terminal 100, or may transmit data in the mobile
terminal 100 to an external device. The interface 160 may
include, for example, a wired/wireless headset port, an
external charger port, a wired/wireless data port, a memory
card port, a port for connecting a device equipped with an
identification module, an audio input/output (I/O) port, a
video input/output (1/O) port, and an earphone port.

[0204] The identification module may be a chip in which
various information for authenticating a user right of the
mobile terminal 100 is stored, and may include a user
identification module (UIM), a subscriber identification
module (SIM), and a universal subscriber identity module
(USIM). A device provided with an identification module
(hereinafter, “identification device”) may be manufactured
in the form of a smart card. Therefore, the identification
device may be connected to the mobile terminal 100 through
the interface 160.

[0205] When the mobile terminal 100 is connected to an
external cradle, the interface 160 may serve as a passage
through which power is supplied from the cradle to the
mobile terminal 100 or a passage through which various
command signals inputted to the cradle by a user are
transmitted to the mobile terminal 100. Various command
signals inputted from the cradle or the power source may
serve as a signal for recognizing that the mobile terminal 100
has been precisely mounted in the cradle.

[0206] The memory 170 may store a program for opera-
tion of the controller 180, or temporarily store inputted/
outputted data (for example, a phone book, a message, a still
image, and a moving image). The memory 170 may store
data on various patterns of vibration or sound outputted
when a touch is inputted onto the touch screen.

[0207] The memory 170 may include at least one type of
storage medium from among a flash memory type, a hard
disk type, a solid state disk (SSD) type, a silicon disk drive
(SDD) type, a multimedia card micro type, and card type
memories (for example, SD or XD memory and the like), a
random access memory (RAM), a static random access
memory (SRAM), a read only memory (ROM), an electri-
cally erasable programmable read only memory (EE-
PROM), a programmable read only memory (PROM), a
magnetic memory, a magnetic disk, and an optical disk. The
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mobile terminal 100 may operate in association with a web
storage which performs a storage function of the memory
170 on the Internet.

[0208] As described above, the controller 180 may control
an operation related to application programs and overall
operation of the mobile terminal 100. For example, when the
state of the mobile terminal 100 satisfies a predetermined
condition, the controller 180 may perform a locking function
which limits input of a control command of a user for
applications or may release the locking function.

[0209] Further, the controller 180 may perform control
and processing related to voice call, data communication,
and video call, or perform a pattern recognition process by
which a handwriting input or a picture drawing input per-
formed on the touch screen may be recognized as a text or
an image, respectively. Moreover, the controller 180 may
control any one element or a combination of a plurality of
the elements described above, to implement various embodi-
ments of the mobile terminal 100 according to the present
disclosure which will now be described below.

[0210] Under the control of the controller 180, the power
supply 190 may be supplied with an external power or an
internal power and may supply power required for operating
each element. The power supply 190 may include a battery,
wherein the battery may be an embedded rechargeable
battery or may be detachably coupled to a body of the
mobile terminal 100 to be charged.

[0211] Further, the power supply 190 may be provided
with a connection port, and the connection port may be
configured as one example of the interface 160 to which an
external charger that supplies power for charging the battery
is electrically connected.

[0212] As another example, the power supply 190 may be
configured to wirelessly charge the battery without using the
connection port. Here, the power supply 190 may receive
power from an external wireless power transmission device
by using one or more of an inductive coupling scheme based
on a magnetic induction phenomenon or a magnetic reso-
nance coupling scheme based on an electromagnetic reso-
nance phenomenon.

[0213] Various embodiments that will now be described
below may be implemented in a recording medium which
can be read by a computer or a device similar thereto by
using software, hardware, or a combination thereof, for
example.

[0214] The display 151 may display (output) information
processed in the mobile terminal 100. For example, the
display 151 may display execution screen information of an
application program driven in the mobile terminal 100, or
user interface (UI) and graphic user interface (GUI) infor-
mation in accordance with the execution screen information.

[0215] The display 151 may include at least one of a liquid
crystal display (LCD), a thin film transistor liquid crystal
display (TFT LCD), an organic light emitting diode
(OLED), a flexible display, a three-dimensional display (3D
display), or an electronic ink display (e-ink display).
[0216] Further, the display 151 may be two or more
displays 151 depending on the implementation of the mobile
terminal 100. Here, a plurality of displays 151 may be
disposed to be spaced apart from each other or disposed
integrally on one surface of the mobile terminal 100, or each
of the plurality of displays 151 may be disposed on different
surfaces of the mobile terminal 100.
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[0217] The display 151 may include a touch sensor which
senses a touch on the display 151 so as to receive input of
a control command in the touch method. When a touch is
made on the display 151, the touch sensor may sense the
touch, and on the basis of the sensed touch, the controller
180 may generate a control command corresponding to the
sensed touch. Contents inputted through the touch method
may include letters, numbers, instructions in various modes,
and menu items.

[0218] The microphone 122 may be configured to receive
voice of the user and other sounds. The microphone 122 may
be provided in a plurality of positions so as to receive stereo
sounds.

[0219] The interface 160 may serve as a passage connect-
ing the mobile terminal 100 to external devices. For
example, the interface 160 may be at least one of a connec-
tion terminal for connection with other devices (for
example, an earphone or an external speaker), a port for
short-range communications (for example, an infrared port
(IrDA port), a Bluetooth port, a wireless LAN port, etc.), or
a power supply terminal for supplying power to the mobile
terminal 100. The interface 160 may be implemented in the
form of a socket accommodating an external card, such as a
subscriber identification module (SIM), a user identity mod-
ule (UIM), and a memory card for storing information.
[0220] At least one antenna for wireless communications
may be provided in the body of the mobile terminal 100. The
antenna may be embedded in the body of the mobile
terminal 100 or may be formed in a case. For example, an
antenna that forms a part of the broadcast receiving module
111 (see FIG. 1) may be implemented so as to be drawable
from the body of the mobile terminal 100. Alternatively, the
antenna may be formed as a film type to be attached to an
inner surface of a housing, or a case including a conductive
material may serve as an antenna.

[0221] The power supply 190 (see FIG. 1) for supplying
power to the mobile terminal 100 may be provided in the
body of the mobile terminal 100. The power supply 190 may
be embedded in the body of the mobile terminal 100, or may
include a battery 191 outside the body of the mobile terminal
100, the battery 191 being detachable.

[0222] The battery 191 may be configured to be supplied
with power through a power cable connected to the interface
160. Further, the battery 191 may be configured to be
wirelessly charged by a wireless charging device. The wire-
less charging may be implemented by a magnetic induction
scheme or a resonance scheme (magnetic resonance
scheme).

[0223] An accessory that protects an exterior of the mobile
terminal 100 or supports or extends a function thereof may
be added to the mobile terminal 100. An example of the
accessory may be a cover that covers at least one surface of
the mobile terminal 100 or a pouch accommodating the
mobile terminal 100. The cover or the pouch, in conjunction
with the display 151, may extend the function of the mobile
terminal 100. Another example of the accessory may be a
touch pen which supports or extends a touch input on the
touch screen.

[0224] The flexible display device 1 according to the
embodiment of the present disclosure may include a flexible
display 300 which is configured to be deformed by an
external force.

[0225] The deformation may be at least one of warping,
bending, folding, twisting, rolling, or spreading of a display
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module. Such a deformable display module may be referred
to as a “flexible display.” Here, the flexible display 300 may
include a general flexible display, an electronic paper (e-pa-
per), and a combination thereof.

[0226] A general flexible display refers to a durable dis-
play which, while still having characteristics of existing flat
panel displays, is produced on a thin and flexible substrate
which can be warped, bent, folded, twisted, rolled, and
spread like paper, so as to be light in weight and not to be
easily broken.

[0227] Further, electronic paper is a display technique to
which characteristics of general ink are applied. Electronic
paper may be different from existing flat panel displays in
that electronic paper uses reflection light. Electronic paper
may change information thereon by using a twist ball or
electrophoresis using a capsule.

[0228] Information displayed on the flexible display 300
may include visual information outputted on a curved sur-
face. The visual information may be implemented as the
light emission of unit pixels (sub pixels) that are arranged in
a matrix form is independently controlled. The unit pixel
refers to a minimum unit for implementing one color.
[0229] A portion of the flexible display 300 may be in a
bent state, not in a flat state. Here, when an external force is
applied to the flexible display 300, a portion of the flexible
display 300 may be deformed into a flat state, a less bent
state, or a more bent state.

[0230] Meanwhile, the flexible display 300 may be com-
bined with a touch sensor to implement a flexible touch
screen. When a touch input is made on the flexible touch
screen, the controller 180 (see FIG. 1) may perform control
corresponding to the touch input. The flexible touch screen
may be configured to sense a touch input while a portion of
the flexible display 300 is in the flat state or in the bent state.
[0231] A flexible display device 1 according to the
example in which the flexible display 300 is deformable may
include a deformation sensor capable of sensing deformation
in the flexible display 300. The deformation sensor may be
included in the sensor 140 (see FIG. 1).

[0232] The deformation sensor may be provided in the
flexible display 300 or in a body 200, and may sense
information related to deformation of the flexible display
300. Here, the information related to the deformation may
include information on a direction in which the flexible
display 300 is deformed, information on a degree of the
deformation of the flexible display 300, information on a
position of the deformation in the flexible display 300,
information on a time of the deformation, and information
on an acceleration at which the deformed flexible display
300 is recovered. In addition to the above information,
various other types of information that can be sensed as the
flexible display 300 is bent may also be included.

[0233] Further, the controller 180 (see FIG. 1) may change
information displayed on the flexible display 300 or generate
a control signal for controlling a function of the flexible
display device 1, on the basis of the information related to
the deformation of the flexible display 300 sensed by the
deformation sensor.

[0234] The deformation of the flexible display 300 may
not be limited to the deformation caused by an external
force. For example, when the flexible display 300 is in a
state in which a portion thereof is spread, the portion may be
deformed to be bent by a command of the user or an
application.
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[0235] FIG. 2a is a perspective view of the flexible display
device 1 in a first state, and FIG. 25 is a perspective view of
the flexible display device 1 of FIG. 24 in a second state in
which the flexible display has been deformed.

[0236] FIG. 3a is arear view of the flexible display device
1 of FIG. 2a, and FIG. 354 is a rear view of the flexible
display device 1 of FIG. 25.

[0237] FIG. 4 is an exploded perspective view of the
flexible display device 1 of FIG. 2a.

[0238] The flexible display device 1 may include a body
200, a plurality of support bars 370, and a support 400. The

body 200 may include a first body 200a and a second body
2005.

[0239] In describing embodiments of the present disclo-
sure, a first direction (X direction), a second direction (Y
direction), and a third direction (Z direction) shown in the
drawings are directions perpendicular to one another.

[0240] The flexible display device 1 may include two
surfaces 1a and 15 which are opposite to each other. In other
words, the flexible display device 1 may include a first
surface 1a and a second surface 15. A direction the first
surface 1a faces (i.e. a direction perpendicular to or sub-
stantially perpendicular to the first surface 1a) may be
opposite to a direction the second surface 15 faces (i.e. a
direction perpendicular to or substantially perpendicular to
the second surface 15). In the flexible display device 1, the
first surface 1la may face the third direction (Z direction),
and the second surface 15 may face a direction opposite to
the third direction (Z direction). When the first surface 1a is
a front surface of the flexible display device 1, the second
surface 16 may be a rear surface of the flexible display
device 1.

[0241] Hereinafter, unless otherwise specified, the third
direction (Z direction) refers to the forward direction of the
flexible display device 1, and the direction opposite to the
third direction (Z direction) refers to the rearward direction
of the flexible display device 1.

[0242] The body 200 may form the overall shape of the
flexible display device 1. The body 200 may form the frame
of the flexible display device 1. The body 200 may be made
of'a relatively hard material. For example, the body 200 may
be made of plastic, carbon, metal, or a combination thereof.
Other components of the flexible display device 1 may be
coupled to the body 200.

[0243] The body 200 may be formed in various shapes so
as to support other components coupled thereto.

[0244] The body 200 may have a flat shape as a whole, or
may have a curved shape such as a curved surface. An
interior of the body 200 may be fully filled or may not be
fully filled.

[0245] For example, when viewed from the front (third
direction), the body 200 may have a quadrangular shape as
a whole, and may be flat as a whole.

[0246] The body 200 may be divided into two or more
parts. As described in detail above, the body 200 may
include the first body 200a and the second body 20056, and
the first body 200q and the second body 2005 may be formed
to move relative to each other (see FIGS. 2a, 26, 3a, and 35).
[0247] The second body 2005 may slide and reciprocate
relative to the first body 200a. Accordingly, when viewed
from the front, the total area occupied by the body 200 may
change as the second body 2005 moves.
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[0248] The second body 2005 may reciprocate relative to
the first body 200a between a first position and a second
position.

[0249] When viewed from the front or rear, the total area
occupied by the body 200 (the area of the body 200
projected in the Z direction) may be the smallest when the
second body 2005 is in the first position (see FIGS. 2a and
3a), and the total area occupied by the body 200 (the area of
the body 200 projected in the Z direction) may be the largest
when the second body 2005 is in the second position (see
FIGS. 26 and 3b).

[0250] When viewed from the front or rear, the overlap-
ping area between the first body 200a and the second body
2005 may be the largest when the second body 20056 is in the
first position (see FIGS. 2a and 3a), and the overlapping area
between the first body 200a and the second body 2005 may
be the smallest when the second body 2005 is in the second
position (see FIGS. 26 and 3b).

[0251] A movement direction of the second body 2005
relative to the first body 200a may be parallel to the first
direction (X direction).

[0252] The first body 200a¢ may have a predetermined
length in the first direction (X direction), and may also have
a predetermined length in the second direction (Y direction)
orthogonal to the first direction. The first body 200a may
have a predetermined length in the third direction (Z direc-
tion) orthogonal to the first and second directions, but the
length of first body 200g in the third direction may be
sufficiently small compared to the lengths thereof in the first
and second directions. Accordingly, the first body 200a may
be formed to be flat or substantially flat along the first and
second directions.

[0253] The first body 200a may have a plate shape.
[0254] The second body 2005 may have a predetermined
length in the first and second directions. The second body
2005 may have a predetermined length in the third direction,
but the length of the second body 2005 in the third direction
may be sufficiently small compared to the lengths thereof in
the first and second directions. Accordingly, the second body
2005 may be formed to be flat or substantially flat in the first
and second directions.

[0255] The second body 2005 may have a plate shape.
[0256] The first body 2004 and the second body 2005 may
be formed in the shape of plates parallel to each other.
[0257] FIG. 5a is a perspective view of a flexible display
separated from the flexible display device in the first state,
and FIG. 55 is a perspective view of the flexible display of
FIG. 5a when the flexible display has been deformed (i.e.
when the flexible display device is in the second state).
[0258] FIG. 6a is a cross-sectional view of the flexible
display device of FIG. 2a taken along the line A to A'. FIG.
65 is a cross-sectional view of the flexible display device of
FIG. 6a when the flexible display device has been deformed.
[0259] FIG. 7a is a cross-sectional view of the flexible
display separated from the flexible display device of FIG.
6a, and FIG. 7b is a cross-sectional view of the flexible
display separated from the flexible display device of FIG.
6b.

[0260] The support 400 may be fixed to the second body
2005.
[0261] The support 400 may be formed along the second

direction (Y). The support 400 may be formed to extend in
the second direction (Y direction), and may have a constant
cross section along the second direction.
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[0262] In the flexible display device 1, the support 400
may be formed to support a portion of an inner surface of the
flexible display 300. That is, a portion of the flexible display
300 may be curved around the support 400, and a direction
of formation of the flexible display 300 may be changed
along the circumferential direction of the support 400.
[0263] The support 400 may be formed to rotate in both
directions about a central axis 401 which is parallel to the
second direction. That is, the support 400 may be coupled to
the second body 2005 so as to rotate about the central axis
401.

[0264] The support 400 may be formed in the shape of a
roller.
[0265] The flexible display 300 may be formed in the form

of a thin film, and may have an outer surface and an inner
surface. The outer surface of the flexible display 300 may be
a surface facing an outside of the flexible display device 1,
and the inner surface of the flexible display 300 may be a
surface facing an inside of the flexible display device 1. An
image may be displayed on at least a portion of the outer
surface of the flexible display 300.

[0266] When the second body 2005 moves relative to the
first body 200aq, the flexible display 300, which is formed
such that at least a portion thereof is curved, may change in
shape.

[0267] The flexible display 300 may include a first region
310 and a second region 320 which are connected to each
other.

[0268] The flexible display 300 may include a first region
310, a second region 320, and a third region 330, which are
sequentially connected. The flexible display 300 may
include a fourth region 340.

[0269] If the flexible display 300 is not coupled to the
body 200 and is spread flat, the fourth region 340, the first
region 310, the second region 320, and the third region 330
may form a single plane.

[0270] Broken lines shown in FIG. 25 are imaginary lines
respectively representing a boundary between the first
region 310 and (a first connected region 321 of) the second
region 320, a boundary between the first region 310 and the
fourth region 340, and a boundary between the first con-
nected region 321 and a second connected region 322.
[0271] The first region 310 may have a predetermined area
and may be coupled to the body 200 from any one side of
the body 200. The first region 310 may be coupled to the first
body 2004, and may be fixed to the first body 200q. That is,
the first region 310 may be formed so as not to move relative
to the first body 200a.

[0272] The first region 310 may be parallel to the first and
second directions. The first region 310 may be fixed in front
of the first body 200a. The first region 310 may be fixed in
front of the first body 200a based on the third direction. The
first region 310 and the first body 200a may be coupled to
each other so as to be parallel to each other.

[0273] In an embodiment of the present disclosure, the
first region 310 may form a curved surface as a whole. Here,
a curvature of the first region 310 may be smaller than a
curvature of the first connected region 321, which will be
described below, and a radius of curvature of the first region
310 may be greater than a radius of curvature of the first
connected region 321. The radius of curvature of the first
region 310 may be sufficiently greater than the radius of
curvature of the first connected region 321. For example,
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when the radius of curvature of the first connected region
321 is “a,” the radius of curvature of the first region 310 may
be “10*a” or greater.

[0274] In another embodiment of the present disclosure,
the first region 310 may form a plane surface as a whole. The
first region 310 may form a planar outer surface of the
flexible display 300 and may be disposed on a front surface
of the body 200. The first region 310 may have a constant
cross section in the first and second directions.

[0275] Hereinafter, description will be made on the
assumption that the first region 310 of the flexible display
device 1 is a plane surface.

[0276] A direction the first region 310 faces (i.e. a direc-
tion an outer surface of the first region 310 faces) may be the
third direction. The first region 310 may form a part or the
entirety of the first surface 1a of the flexible display device
1.

[0277] The fourth region 340 may extend from the first
region 310 and form an end portion of the flexible display
300. The fourth region 340 may have a constant cross
section along the second direction, and may form a curved
surface. An image may be displayed on the fourth region
340.

[0278] The second region 320 may extend from the first
region 310, and a portion of the second region 320 may be
curved around support 400. That is, a direction of formation
of the second region 320 may be changed as the second
region 320 passes around the support 400.

[0279] The second region 320 may have a constant cross
section along the second direction.

[0280] A portion of the second region 320 may be curved
into a semicircular shape, and a curved position of the
second region 320 may change according to movement of
the second body 2005. When the second body 2005 is in the
first position, the first connected region 321 may be curved
into a semicircular shape, and when the second body 2005
is in the second position, a portion of the second connected
region 322 may be curved into a semicircular shape.
[0281] The second region 320 may include the first con-
nected region 321 and the second connected region 322.
[0282] The first connected region 321 may be directly
connected to the first region 310, and the second connected
region 322 may be directly connected to the first connected
region 321 and the third region 330.

[0283] When the second body 2005 is in the first position,
the first connected region 321 may form a curved surface
along the circumferential direction of the support 400.
[0284] When the second body 2005 is in the first position,
the first connected region 321 may form an outer surface of
the flexible display 300 that is curved about a curvature
center line CL.1. When the second body 2005 is in the first
position, the curvature center line CL.1 may be an imaginary
straight line that forms a center of curvature of the first
connected region 321, and may be parallel to the second
direction.

[0285] When the second body 2005 is in the first position,
a cross section of the first connected region 321 may form
a semicircular shape.

[0286] The curvature center line CL1 may coincide with
the central axis 401 of support 400.

[0287] When the second body 2006 is in the second
position, the curvature center line CL1 may be a center of
curvature of the second connected region 322 forming a
curved surface.
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[0288] An image may be displayed on the first connected
region 321 and the first region 310.

[0289] A surface area of the first region 310 may be greater
than a surface area of the first connected region 321.
[0290] When the second body 2005 is in the first position,
the second connected region 322 may form an outer surface
of the flexible display 300 that is an opposite surface to the
first region 310. That is, when the second body 20056 is in the
first position, and the first region 310 faces the third direc-
tion (Z direction), the second connected region 322 may face
a direction opposite to the third direction (Z direction). An
image may be displayed on the second connected region
322.

[0291] The second connected region 322 may have a
constant cross section along the second direction. When the
second body 20056 is in the first position, the second con-
nected region 322 may have a constant cross section along
the first direction.

[0292] The flexible display 300 may be formed in such a
manner that the first region 310, the first connected region
321, and the second connected region 322 are sequentially
connected, and when the second body 2005 is in the first
position, the first region 310, the first connected region 321,
and the second connected region 322 may form a U-shape as
a whole.

[0293] In one embodiment of the present disclosure, when
the second body 2005 is in the first position, the second
connected region 322 may form a curved surface as a whole.
Here, a curvature of the second connected region 322 may
be smaller than a curvature of the first connected region 321,
and a radius of curvature of the second connected region 322
may be greater than a radius of curvature of the first
connected region 321. The radius of curvature of the second
connected region 322 may be sufficiently greater than the
radius of curvature of the first connected region 321. For
example, when the radius of curvature of the first connected
region 321 is “a,” the radius of curvature of the second
connected region 322 may be “10*a” or greater.

[0294] In another embodiment of the present disclosure,
when the second body 2004 is in the first position, the
second connected region 322 may form a plane surface as a
whole. In addition, the second connected region 322 may be
parallel to the first region 310. Hereinafter, description will
be made on the assumption that when the second body 2005
is in the first position, the second connected region 322
forms a plane surface and is parallel to the first region 310.
[0295] The third region 330, on the opposite side to the
first region 310, may extend from the second region 320.
The third region 330 may be formed to extend from the
second connected region 322 and may form an end portion
of the flexible display 300.

[0296] In the flexible display 300, the first region 310, the
second region 320, and the fourth region 340 may be
configured to display an image thereon, and the third region
330 may be configured not to display an image thereon. In
the flexible display 300, the third region 330 may be an
extended portion of a display substrate, and may form a
dummy portion on which an image is not displayed.
[0297] The third region 330 may be formed separately
from the flexible display 300 and then be coupled to the
flexible display 300. Or, the third region 330 may be formed
integrally with the flexible display 300 in the manufacturing
process of the flexible display 300. The third region 330 may
be formed as a substrate of the flexible display 300.
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[0298] The third region 330 may be formed in the form of
a plastic film, and may be flexibly curved.

[0299] The camera 121 may be fixed to a rear surface of
the body 200. The camera 121 may be coupled to the body
200 so as to face the direction opposite to the third direction
(Z direction).

[0300] The camera 121 may be fixed to a rear surface of
the first body 200a.

[0301] The camera 121 may be fixed to the body 200 at a
portion away from the support 400. That is, if the support
400 is coupled to the body 200 at a lower portion of the
flexible display device 1, the camera 121 may be coupled to
the body 200 at an upper portion of the flexible display
device 1. The camera 121 may be fixed to an edge of the first
body 200q that is farthest from the support 400.

[0302] The camera 121 may be two or more cameras 121
arranged in the second direction.

[0303] The first body 200a may include a support plate
230.
[0304] The support plate 230 may be formed in a flat plate

shape, and may be formed in a size the same as or similar
to a size of the first region 310. The support plate 230 may
be coupled in a form in which the first region 310 is
laminated on an outside (front side) of the support plate 230,
and the support plate 230 may support the first region 310
from inside the first region 310.

[0305] The first body 200¢ may include a first edge
portion 205.
[0306] The first edge portion 205 may form any one edge

of the flexible display device 1. The first edge portion 205
may form any one side of the flexible display device 1
having a rectangular shape.

[0307] The first edge portion 205 may form an upper side
edge of the first body 200a.

[0308] The first edge portion 205 may be fixed to the first
body 200a. The first edge portion 205 may be integrally
formed with the first body 200qa, or may be formed sepa-
rately from the first body 200a and then fixed thereto.
[0309] The first edge portion 205 may generally be formed
to extend in the second direction (Y direction).

[0310] At least a portion of the first edge portion 205 may
have a constant cross section in the second direction (Y
direction). An outer surface of the first edge portion 205 may
form a convex curved surface, and a cross section of the first
edge portion 205 may have, for example, a semicircular
shape.

[0311] The fourth region 340 may be fixed to the first edge
portion 205.
[0312] The first body 200a may include a first side edge

portion 210 and a second side edge portion 220. The first
side edge portion 210 and the second side edge portion 220
may form edges on both sides of the first body 2004, and
may extend in the first direction. The first side edge portion
210 may be formed over the entire section of any one edge
of the first body 200a, or may be formed over a partial
section thereof. The second side edge portion 220 may be
formed over the entire section of any one edge of the first
body 2004, or may be formed over a partial section thereof.
[0313] The first side edge portion 210 and the second side
edge portion 220 may be formed to be parallel to the first
direction, and may have constant cross sections in the first
direction. If the first side edge portion 210 forms a left side
edge of the first body 2004, the second side edge portion 220
may form a right side edge of the first body 200a.
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[0314] The second body 2006 may include a second edge
portion 206.
[0315] The second edge portion 206 may form an edge of

the flexible display device 1 on the opposite side of the
flexible display device 1 to the first edge portion 205. If the
first edge portion 205 forms an upper side edge of the
flexible display device 1, the second edge portion 206 may
form a lower side edge of the flexible display device 1.
[0316] The second edge portion 206 may be disposed at an
outer side of the support 400.

[0317] Between the second edge portion 206 and the
support 400, a gap 207, which is relatively narrow, may be
provided, and through the gap 207, the flexible display 300
may move, forming a curved surface (see FIGS. 6a and 65).

[0318] In addition, a connection arm 373 of the support
bar 370 may move through the gap 207.

[0319] The second edge portion 206 may be fixed to the
second body 20056. The second edge portion 206 may be
integrally formed with the second body 2004, or may be
formed separately from the second body 2005 and then fixed
thereto.

[0320] The second edge portion 206 may generally be
formed to extend in the second direction (Y direction).

[0321] At least a portion of the second edge portion 206
may have a constant cross section along the second direction
(Y direction). An outer surface of the second edge portion
206 may form a convex curved surface, and a cross section
of the second edge portion 206 may have a semicircular
shape.

[0322] The second body 2005 may include a third side
edge portion 250 and a fourth side edge portion 260. The
third side edge portion 250 and the fourth side edge portion
260 may form edges on both sides of the second body 2005,
and may be formed to extend in the first direction. The third
side edge portion 250 and the fourth side edge portion 260
may be formed to be parallel to the first direction, and may
have constant cross sections along the first direction.

[0323] If the third side edge portion 250 forms a left side
edge of the second body 2005, the fourth side edge portion
260 may form a right side edge of the second body 20054.

[0324] The third side edge portion 250 may be disposed to
align with the first side edge portion 210, and may be
disposed so as to come into close contact with the first side
edge portion 210 or to be close thereto.

[0325] The third side edge portion 250 may be disposed at
an outer side of the first side edge portion 210 or at an inner
side of the first side edge portion 210.

[0326] The fourth side edge portion 260 may be disposed
to align with the second side edge portion 220, and may be
disposed so as to come into close contact with the second
side edge portion 220 or to be close thereto.

[0327] The fourth side edge portion 260 may be disposed
at an outer side of the second side edge portion 220 or at an
inner side of the second side edge portion 220.

[0328] The flexible display device 1 may include a back
cover 280.
[0329] The back cover 280 may be formed in a shape of

a plate that is substantially parallel to the first direction (X
direction) and the second direction (Y direction). The back
cover 280 may be parallel to or substantially parallel to the
first region 310.
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[0330] The back cover 280 may form a rear surface of the
second body 2005. The back cover 280 may be fixed to the
second body 2005 or may be detachably coupled to the
second body 2005.

[0331] The back cover 280 may be formed to be trans-
parent or opaque.

[0332] When the second body 2005 is in the first position,
a surface area of the back cover 280 may correspond to a
surface area of the second connected region 322, or may be
equal to or greater than the surface area of the second
connected region 322.

[0333] When the back cover 280 is formed to be trans-
parent, an image displayed on the second connected region
322 while the second body 2005 is in the first position may
be seen through the back cover 280.

[0334] The flexible display device 1 according to the
embodiment of the present disclosure may include a plural-
ity of support bars 370.

[0335] Each of the plurality of support bars 370 may be
formed to extend generally in the second direction, and may
be fixed to an inner surface of the second region 320. The
plurality of support bars 370 may be directly fixed to the
second region 320, or may be fixed thereto by means of a
separate element.

[0336] Each of the plurality of support bars 370 may
support the first connected region 321 or the second con-
nected region 322 from inside the first connected region 321
or the second connected region 322, and the plurality of
support bars 370 may be disposed one by one along the first
connected region 321 and the second connected region 322.
[0337] Each of the plurality of support bars 370 may be
disposed to be parallel to one another.

[0338] The plurality of support bars 370 may be made of
a relatively hard material so as to support the flexible display
300. The plurality of support bars 370 may be made of
plastic or metal.

[0339] The flexible display device 1 may further include
an inner plate 350.

[0340] The inner plate 350 may be coupled in a form in
which the inner plate 350 is stacked on an inner surface of
the flexible display 300.

[0341] The inner plate 350 may be formed of a metal plate
having elasticity. The inner plate 350 may include a super-
elastic metal. The inner plate 350 may be formed in a shape
of a relatively thin plate. The inner plate 350 may have a
thickness in the range of 0.05 mm to 0.2 mm, and may have
a thickness of 0.1 mm.

[0342] According to an embodiment of the present disclo-
sure, the inner plate 350 may be formed in the same or
similar size and in the same or similar shape as the flexible
display 300 such that the inner plate 350 is coupled to an
entire inner surface of the flexible display 300.

[0343] According to another embodiment of the present
disclosure, the inner plate 350 may be formed in the same or
similar size and in the same or similar shape as the second
region 320 such that the inner plate 350 is coupled to an
inner surface of the second region 320.

[0344] The inner plate 350 may facilitate elastic deforma-
tion and elastic recovery of the flexible display 300.
[0345] When the inner plate 350 is provided in the flexible
display device 1, the plurality of support bars 370 may be
coupled to the flexible display 300 by means of the inner
plate 350. That is, the inner plate 350 may be fixed to the
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inner surface of the flexible display 300, and the plurality of
support bars 370 may be fixed to an inner surface of the inner
plate 350.

[0346] The flexible display device 1 may further include a
sliding plate 360.

[0347] The sliding plate 360 may generally be formed in
a shape of a flat plate extending along the second direction.
The sliding plate 360 may be made of metal, plastic, and the
like.

[0348] The sliding plate 360 may be fixed to an end
portion of the flexible display 300. The sliding plate 360 may
be fixed to the third region 330.

[0349] The sliding plate 360 may be coupled to the second
body 20056 such that the sliding plate 360 moves relative to
the second body 20056 along the first direction.

[0350] The sliding plate 360 may be slidably coupled to
the second body 2005, and for this, both end portions of the
sliding plate 360 may respectively be inserted into a first rear
guide groove 252 and a second rear guide groove 262 and
move therein.

[0351] FIG. 8a is a cross-sectional view illustrating inner
surfaces of the third side edge portion 250 and the second
edge portion 206, and FIG. 8b is a cross-sectional view
illustrating inner surfaces of the fourth side edge portion 260
and the second edge portion 206.

[0352] FIG. 9 is a cross-sectional view schematically
illustrating a state in which the support bar 370, the inner
plate 350, and the flexible display 300 are coupled.

[0353] The second body 2006 may include a first move-
ment guide groove 251 and a second movement guide
groove 261.

[0354] The first movement guide groove 251 may be
formed as a U-shaped groove, and may form a path into
which a first support slider 371, which will be described
below, is inserted and moves therein.

[0355] The second movement guide groove 261 may be
formed as a U-shaped groove, and may form a path into
which a second support slider 372, which will be described
below, is inserted and moves therein.

[0356] The first movement guide groove 251 may include
a first rear guide groove 252, a first front guide groove 253,
and a first connection guide groove 254.

[0357] The second movement guide groove 261 may
include a second rear guide groove 262, a second front guide
groove 263, and a second connection guide groove 264.
[0358] The first rear guide groove 252 and the first front
guide groove 253 may be formed in the third side edge
portion 250, and the second rear guide groove 262 and the
second front guide groove 263 may be formed in the fourth
side edge portion 260.

[0359] In one embodiment of the present disclosure, the
first connection guide groove 254 may be formed in the third
side edge portion 250, and the second connection guide
groove 264 may be formed in the fourth side edge portion
260. In another embodiment of the present disclosure, the
first connection guide groove 254 and the second connection
guide groove 264 may be formed in the second edge portion
206.

[0360] The first rear guide groove 252 may form a space
inside the third side edge portion 250, may have a constant
cross section along the first direction, and may be formed to
be open inwards from a rear side of the third side edge
portion 250.
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[0361] The first front guide groove 253 may form a space
inside the third side edge portion 250, may have a constant
cross section along the first direction, and may be formed to
be open inwards from a front side of the third side edge
portion 250. The first front guide groove 253 may be
symmetric with respect to the first rear guide groove 252.
[0362] The first connection guide groove 254 may form a
semicircular-shaped space inside the second edge portion
206 of the second body 2005 and may connect the first rear
guide groove 252 to the first front guide groove 253.
[0363] The first rear guide groove 252, the first connection
guide groove 254, and the first front guide groove 253 may
form a U-shaped space together, and may form a movement
path of the plurality of support bars 370 (in particular, the
first support slider 371) to serve as a rail, which will be
described below.

[0364] The second rear guide groove 262 may form a
space inside the fourth side edge portion 260, may have a
constant cross section along the first direction, and may be
formed to be open inwards from a rear side the fourth side
edge portion 260.

[0365] The second front guide groove 263 may form a
space inside the fourth side edge portion 260, may have a
constant cross section along the first direction, and may be
formed to be open inwards from a front side of the fourth
side edge portion 260. The second front guide groove 263
may be symmetric with respect to the second rear guide
groove 262.

[0366] The second connection guide groove 264 may form
a semicircular-shaped space inside the second edge portion
206 of the second body 2005 and may connect the second
rear guide groove 262 to the second front guide groove 263.
[0367] The second rear guide groove 262, the second
connection guide groove 264, and the second front guide
groove 263 may form a U-shaped space together, and may
form a movement path of the plurality of support bars 370
(in particular, the second support slider 372) to serve as a
rail, which will be described below.

[0368] The first rear guide groove 252, the first front guide
groove 253, and the first connection guide groove 254 may
respectively be symmetric to the second rear guide groove
262, the second front guide groove 263, and the second
connection guide groove 264.

[0369] Each of the plurality of support bars 370 may be
formed to extend in the second direction (Y direction) as a
whole.

[0370] Each of the plurality of support bars 370 may
include a first support slider 371, a second support slider
372, and a connection arm 373.

[0371] The first support slider 371 may form an end
portion of the plurality of support bars 370 at one side
thereof.

[0372] The first support slider 371 may be inserted into the
first rear guide groove 252, the first connection guide groove
254, and the first front guide groove 253, so as to move along
the space (path) formed by the first rear guide groove 252,
the first connection guide groove 254, and the first front
guide groove 253.

[0373] The second support slider 372 may form the other
end portion of the plurality of support bars 370 in the
opposite side to the first support slider 371.

[0374] The second support slider 372 may be inserted into
the second rear guide groove 262, the second connection
guide groove 264, and the second front guide groove 263, so
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as to move along the space (path) formed by the second rear
guide groove 262, the second connection guide groove 264,
and the second front guide groove 263.

[0375] The connection arm 373 may have a constant cross
section along the second direction (Y direction).

[0376] The connection arm 373 may connect the first
support slider 371 to the second support slider 372, may
support an inner surface of the flexible display 300, and may
assist in maintaining the first connected region 321 and the
second connected region 322 in a stable plane surface or
curved surface.

[0377] The connection arm 373 may be formed in such a
shape that a cross section thereof is a trapezoid (i.e. in a
shape in which a width of the connection arm 373 becomes
increasingly smaller away from a rear surface of the flexible
display 300).

[0378] The plurality of support bars 370 may have a
predetermined thickness such that when the plurality of
support bars 370, which are successively arranged, form a
plane parallel to the first region 310, the second region 320,
which is supported by the plurality of support bars 370, are
maintained stable like the first region 310.

[0379] A front surface of the connection arm 373 and a
front surface of the support plate 230 may form a single
plane.

[0380] The second region 320 may be maintained in a
stable state by means of the plurality of support bars 370. In
particular, when the second region 320 is formed as a touch
screen to receive a touch input, the second region 320 may
be stably supported by the plurality of support bars 370.

[0381] FIG. 10a and FIG. 106 are perspective views
respectively illustrating some parts of the flexible display
device 1 according to an embodiment of the present disclo-
sure. In FIG. 10qa, the second body 2005 is in the first
position, and in FIG. 105, the second body 2005 is in the
second position. FIGS. 10a and 105 illustrate a first wheel
510 and a second wheel 520 in broken lines, and FIG. 105
illustrates expanded cross-sectional views of portions at
which the first wheel 510 and the second wheel 520 are
coupled.

[0382] FIG. 11a is a perspective view illustrating a state in
which a first wheel 510 and a first bracket 530 (or a second
wheel 520 and a second bracket 540) are coupled to each
other according to an embodiment of the present disclosure,
and FIG. 115 is an exploded perspective view of FIG. 11a.

[0383] FIG. 11c is a perspective view illustrating a state in
which the first wheel 510 and the first bracket 530 (or the
second wheel 520 and the second bracket 540) are
decoupled from each other according to an embodiment of
the present disclosure, and FIG. 114 is a cross-sectional view
schematically illustrating a state in which the first wheel 510
and the first bracket 530 (or the second wheel 520 and the
second bracket 540) of FIG. 11¢ are coupled to each other.

[0384] FIG. 12a illustrates a state in which the first wheel
510 and the first bracket 530 are coupled to a first coupling
groove 212 of the first body 200qa, FIG. 125 illustrates the
first coupling groove 212 of the first body 200a, FIG. 12¢
illustrates a state in which the second wheel 520 and the
second bracket 540 are coupled to a second coupling groove
222 of the first body 200q, and FIG. 124 illustrates the
second coupling groove 222 of the first body 200a.
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[0385] FIG. 13 is a rear view of the flexible display device
1 in the second state according to an embodiment of the
present disclosure. In FIG. 13, the second body 2005 is
illustrated in broken lines.

[0386] In an embodiment, the flexible display device 1
may include a first rolling surface 257, a second rolling
surface 267, a first wheel 510, and a second wheel 520.
[0387] The first rolling surface 257 and the second rolling
surface 267 may form an inner surface of the second body
2005.

[0388] The first rolling surface 257 may be a surface that
faces and comes into contact with the first wheel 510, and
the second rolling surface 267 may be a surface that faces
and comes into contact with the second wheel 520.

[0389] The first rolling surface 257 and the second rolling
surface 267 may be formed to be parallel to the first direction
(X direction). Each of the first rolling surface 257 and the
second rolling surface 267 may be formed to have a constant
cross section along the first direction (X direction).

[0390] The first rolling surface 257 may be formed to
extend in the first direction (X direction). That is, the first
rolling surface 257 may be formed such that a length of the
first rolling surface 257 in the first direction (X direction) is
greater than a length thereof in the second direction (Y
direction) and the third direction (Z direction).

[0391] Hereinafter, unless otherwise specified, when it is
described that “the length of A is relatively great in direction
B,” it means that the length of A in direction B is greater than
the length of A in a direction other than direction B.
[0392] The first rolling surface 257 may be formed such
that the length of the first rolling surface 257 in the first
direction (X direction) is the same as or greater than the
movement range (or stroke) of the second body 2006
relative to the first body 200a. That is, the first rolling
surface 257 may be formed such that the length of the first
rolling surface 257 in the first direction (X direction) is the
same as or greater than the movement distance of the second
body 2005 from the first position to the second position (or
from the second position to the first position).

[0393] The second rolling surface 267 may be formed to
extend in the first direction (X direction).

[0394] The second rolling surface 267 may be formed
such that the length of the second rolling surface 267 in the
first direction (X direction) is the same as or greater than the
movement range (or stroke) of the second body 2006
relative to the first body 200q. That is, the second rolling
surface 267 may be formed such that the length of the
second rolling surface 267 in the first direction (X direction)
is the same as or greater than the movement distance of the
second body 2005 from the first position to the second
position (or from the second position to the first position).
[0395] The first rolling surface 257 and the second rolling
surface 267 may be symmetrical to each other about a
reference surface CS. The reference surface CS described in
the embodiments of the present disclosure is an imaginary
surface that bisects the first body 200a and the second body
2005 along a direction parallel to the first direction (X
direction). Further, the reference surface CS may be formed
to be parallel to the first direction (X direction) and the third
direction (Z direction), and may be an imaginary surface that
bisects the first body 200a and the second body 2005.
[0396] The first wheel 510 may be rotatably coupled to the
first body 200a. A first shaft 511, which forms a rotational
axis S1 of the first wheel 510, may be fixedly coupled to the
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first body 200qa, and the first wheel 510 may be rotatable
relative to the first body 200a. When viewed along the
rotational axis S1, the first wheel 510 may have a circular
shape.

[0397] The first wheel 510 may come into contact with the
first rolling surface 257 on a lateral surface of the first wheel
510 in a first contact direction CD1 perpendicular to the first
direction (X direction). The first contact direction CD1 may
be variously formed within the scope in which the first
contact direction CD1 is perpendicular to the first direction
(X direction).

[0398] The second wheel 520 may be rotatably coupled to
the first body 200a. A second shaft, which is a rotational axis
S2 of the second wheel 520, may be fixedly coupled to the
first body 200a, and the second wheel 520 may be rotatable
relative to the first body 200a. When viewed along the
rotational axis S2, the second wheel 520 may have a circular
shape.

[0399] The second wheel 520 may come into contact with
the second rolling surface 267 on a lateral surface of the
second wheel 520 in a second contact direction CD2 per-
pendicular to the first direction (X direction). The second
contact direction CD2 may be variously formed in the scope
in which the second contact direction CD2 is perpendicular
to the first direction (X direction).

[0400] The first contact direction CD1 and second contact
direction CD2 may be symmetrical to each other about the
reference surface CS.

[0401] In an embodiment, the first wheel 510 may be
positioned further outside than the first rolling surface 257
while coming into contact with the first rolling surface 257,
and the second wheel 520 may be positioned further outside
than the second rolling surface 267 while coming into
contact with the second rolling surface 267.

[0402] In another embodiment, the first wheel 510 may be
positioned further inside than the first rolling surface 257
while coming into contact with the first rolling surface 257,
and the second wheel 520 may be positioned further inside
than the second rolling surface 267 while coming into
contact with the second rolling surface 267.

[0403] The rotational axis S1 of the first wheel 510 may be
parallel to a direction perpendicular to a surface of the first
region 310. That is, the rotational axis S1 of the first wheel
510 may be parallel to the third direction (Z direction).
[0404] The rotational axis S2 of the second wheel 520 may
be parallel to a direction perpendicular to the surface of the
first region 310, and may be parallel to the third direction (Z
direction).

[0405] In an embodiment, the first wheel 510 may include
a first shaft 511, a first bearing 512, and a first rubber cap
513.

[0406] The first shaft 511 may form the rotational axis S1
of the first wheel 510, and may be formed to extend along
the third direction (Z direction). The first shaft 511 may be
fixed to the first side edge portion 210.

[0407] The first bearing 512 may be rotatably coupled to
the first shaft 511.

[0408] The first bearing 512 may be formed in the shape
of a general bearing. For example, the first bearing 512 may
include an inner ring 512a, an outer ring 5124, and a
plurality of balls 512c¢.

[0409] In an embodiment, the first rubber cap 513 may be
made of a rubber material. The first rubber cap 513 may be
formed so as to be elastically deformable, and may be
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formed to be relatively soft. The first rubber cap 513 may be
uniformly formed along a circumferential direction of the
first wheel 510 about the rotational axis S1, and may form
an outer circumferential surface of the first wheel 510.
[0410] The first rubber cap 513 may be fixedly coupled to
an outer circumferential surface of the first bearing 512. That
is, the first rubber cap 513 may be fixedly coupled to the
outer ring 51256 of the first bearing 512.

[0411] In an embodiment, the second wheel 520 may
include a second shaft 521, a second bearing 522, and a
second rubber cap 523.

[0412] The second shaft 521 may form the rotational axis
S2 of the second wheel 520, and may be formed to extend
along the third direction (Z direction). The second shaft 521
may be fixed to the second side edge portion 220.

[0413] The second bearing 522 may be rotatably coupled
to the second shaft 521.

[0414] The second bearing 522 may be formed in the
shape of a general bearing. For example, the second bearing
522 may include an inner ring 522a, an outer ring 5225, and
a plurality of balls 522c¢.

[0415] In an embodiment, the second rubber cap 523 may
be made of a rubber material. The second rubber cap 523
may be formed so as to be elastically deformable, and may
be formed to be relatively soft. The second rubber cap 523
may be uniformly formed along a circumferential direction
of the second wheel 520 about the rotational axis S2, and
may form an outer circumferential surface of the second
wheel 520.

[0416] The second rubber cap 523 may be fixedly coupled
to an outer circumferential surface of the second bearing
522. That is, the second rubber cap 523 may be fixedly
coupled to the outer ring 5225 of the second bearing 522.
[0417] In an embodiment, the first wheel 510 may include
the first shaft 511, a first rotation part 514, and the first
rubber cap 513. That is, the first wheel 510 may include the
first rotation part 514 instead of the first bearing 512
described in detail above.

[0418] The first rotation part 514 may be made of an
engineering plastic having lubricity. In an embodiment, the
first rotation part 514 may be made of polyacetal (POM).
The first rotation part 514 may be rotatably coupled to the
first shaft 511.

[0419] When the first wheel 510 includes the first rotation
part 514, the first rubber cap 513 may be fixedly coupled to
an outer circumferential surface of the first rotation part 514.
Here, a thickness d1 of the first rubber cap 513 in the
direction of the rotational axis S1 may be smaller than a
thickness d2 of the first rotation part 514 in the direction of
the rotational axis S1.

[0420] In an embodiment, the second wheel 520 may
include the second shaft 521, a second bearing 524, and the
second rubber cap 523. That is, the second wheel 520 may
include the second rotation part 524 instead of the second
bearing 522 described in detail above.

[0421] The second rotation part 524 may be made of an
engineering plastic having lubricity. In an embodiment, the
second rotation part 524 may be made of polyacetal (POM).
The second rotation part 524 may be rotatably coupled to the
second shaft 521.

[0422] When the second wheel 520 includes the second
rotation part 524, the second rubber cap 523 may be fixedly
coupled to an outer circumferential surface of the second
rotation part 524. Here, a thickness d1 of the second rubber
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cap 523 in the direction of the rotational axis S2 may be
smaller than a thickness d2 of the second rotation part 524
in the direction of the rotational axis S2.

[0423] The first wheel 510 and the second wheel 520 may
be formed in the same shape, in the same structure, and in
the same size, and may be made of the same material. The
first wheel 510 and the second wheel 520 may be symmetri-
cal to each other about the reference surface CS.

[0424] When the first side edge portion 210 forms a
portion of any one edge of the first body 200a, and the
second side edge portion 220 forms a portion of another
edge of the first body 200« on the opposite side, a length of
each of the first side edge portion 210 and the second side
edge portion 220 may be the same as or greater than the
movement distance (or stroke) of the second body 2005
relative to the first body 200q. That is, the length of each of
the first side edge portion 210 and the second side edge
portion 220 may be the same as or greater than the move-
ment distance of the second body 2005 from the first
position to the second position (or from the second position
to the first position).

[0425] When the third side edge portion 250 forms a
portion of any one edge of the second body 2005, and the
fourth side edge portion 260 forms a portion of another edge
of the second body 2005 on the opposite side, a length of
each of the third side edge portion 250 and the fourth side
edge portion 260 may be the same as or greater than the
movement distance (or stroke) of the second body 2005
relative to the first body 200q. That is, the length of each of
the third side edge portion 250 and the fourth side edge
portion 260 may be the same as or greater than the move-
ment distance of the second body 2005 from the first
position to the second position (or from the second position
to the first position).

[0426] The first side edge portion 210 and the second side
edge portion 220 may be symmetrical to each other about the
reference surface CS.

[0427] The third side edge portion 250 and the fourth side
edge portion 260 may be symmetrical to each other about the
reference surface CS.

[0428] In an embodiment, the first wheel 510 may be
rotatably fixed to the first side edge portion 210, and the
second wheel 520 may be rotatably fixed to the second side
edge portion 220.

[0429] In an embodiment, the first rolling surface 257 may
form an inner surface of the third side edge portion 250, and
the second rolling surface 267 may form an inner surface of
the fourth side edge portion 260.

[0430] In an embodiment, the flexible display device 1
may include a first bracket 530 and a second bracket 540.
Also, the flexible display device 1 may include a first
coupling groove 212 and a second coupling groove 222.
[0431] When the first bracket 530 and the second bracket
540 are provided in the flexible display device 1, the first
wheel 510 may be coupled to the first side edge portion 210
by means of the first bracket 530, and the second wheel 520
may be coupled to the second side edge portion 220 by
means of the second bracket 540.

[0432] The first bracket 530 may be made of a metal
material. The first bracket 530 may include a first front cover
531 and a first rear cover 532. Each of the first front cover
531 and the first rear cover 532 may be formed by bending
a metal board. Each of the first front cover 531 and the first
rear cover 532 may be made of stainless steel.
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[0433] The first front cover 531 and the first rear cover 532
may be formed to be symmetrical to each other in the
forward-backward direction.

[0434] The first front cover 531 may include a first frontal
central portion 5314, a first frontal upper portion 5315, and
a first frontal lower portion 531c. The first frontal central
portion 531a may be a central portion of the first front cover
531, and the first frontal upper portion 5315 and the first
frontal lower portion 531¢ may be formed to be bent on both
sides of the first frontal central portion 531a.

[0435] The first rear cover 532 may include a first rear
central portion 532a, a first rear upper portion 5325, and a
first rear lower portion 532¢. The first rear central portion
532a may be a central portion of the first rear cover 532, and
the first rear upper portion 5324 and the first rear lower
portion 532¢ may be formed to be bent on both sides of the
first rear central portion 532a.

[0436] The first front cover 531 and the first rear cover 532
may respectively include holes 533 and 534 formed therein
to penetrate through the first front cover 531 and the first rear
cover 532, and the first shaft 511, which forms the rotational
axis S1, may be inserted into the holes 533 and 534 to be
coupled thereto. The first shaft 511, which forms the rota-
tional axis S1 of the first wheel 510, may be inserted into the
holes 533 and 534 of the first front cover 531 and the first
rear cover 532 and then may be fixed to the first bracket 530
by a welding process. By doing so, the first wheel 510 may
be coupled to the first bracket 530.

[0437] The first bracket 530 may include a first spaced
portion 530q, a first upper contact portion 53056, and a first
lower contact portion 530c.

[0438] The first spaced portion 530a may be a central
portion of the first bracket 530, and may be a portion that is
formed as the first front cover 531 and the first rear cover
532 are spaced apart from each other. The first wheel 510
may be received in the first spaced portion 530a within the
first bracket 530.

[0439] As described in detail above, when the first wheel
510 includes the first rotation part 514 and the first rubber
cap 513, the thickness d1 of the first rubber cap 513 in the
direction of the rotational axis S1 of the first wheel 510 may
be smaller than the thickness d2 of the first rotation part 514
in the direction of the rotational axis S1. That is, the first
rotation part 514 may protrude more than the first rubber cap
513 in the third direction (Z direction) and in the direction
opposite to the third direction (Z direction).

[0440] Accordingly, when the first wheel 510 rotates while
received within the first bracket 530, the first rubber cap 513
may not come into contact with inner surfaces of the first
front cover 531 and the first rear cover 532 even when the
first rotation part 514 comes into contact with the inner
surfaces of the first front cover 531 and the first rear cover
532. Accordingly, the first wheel 510 may smoothly rotate
within the first bracket 530 with the help of the first rotation
part 514, which serves as a lubricant, and an outer circum-
ferential surface of the first rubber cap 513 may come into
contact with the first rolling surface 257 without slipping.

[0441] The first upper contact portion 5305 and the first
lower contact portion 530c¢ may be portions of the first
bracket 530 that are formed on both sides of the first spaced
portion 530a, and may be portions at which the first front
cover 531 and the first rear cover 532 come into close
contact with each other. At the first upper contact portion
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5305 and the first lower contact portion 530c, the first front
cover 531 and the first rear cover 532 may be welded to each
other.

[0442] The first coupling groove 212 may be formed in the
first side edge portion 210 in the shape of a concave groove
that is dented inward from an outside of the first side edge
portion 210. The first coupling groove 212 may be formed
at a foremost portion of the first side edge portion 210 with
respect to the first direction (X direction), or may be formed
at a portion of the first side edge portion 210 that is adjacent
to the foremost portion of the first side edge portion 210.
[0443] The first coupling groove 212 may include a first
reception portion 212a and a first insertion portion 2125.
[0444] The first reception portion 212a¢ may be a central
portion of the first coupling groove 212, and may be a
portion in which the first wheel 510 and the first spaced
portion 530a of the first bracket 530 are positioned.

[0445] The first insertion portion 2126 may be a portion
that is formed on both sides of the first reception portion
212a. The first insertion portion 2125 may be formed in the
shape of a narrow slit in the first side edge portion 210 along
the second direction (Y direction). The first upper contact
portion 5305 and the first lower contact portion 530c¢ of the
first bracket 530 may be fittingly inserted into the first
insertion portion 2125. The first upper contact portion 5305
and the first lower contact portion 530c¢ of the first bracket
530 may be forcibly inserted into the first insertion portion
2125.

[0446] When the first wheel 510 is coupled to the first side
edge portion 210, the lateral surface of the first wheel 510
may protrude slightly more than an outer side surface 211 of
the first side edge portion 210. That is, the lateral surface of
the first wheel 510 may protrude more than the outer side
surface 211 of the first side edge portion 210 in the first
contact direction CD1, and thus the first wheel 510 may
come into contact with the first rolling surface 257 of the
second body 20065.

[0447] The second bracket 540 may be made of a metal
material. The second bracket 540 may include a second front
cover 541 and a second rear cover 542. Each of the second
front cover 541 and the second rear cover 542 may be
formed by bending a metal board. Each of the second front
cover 541 and the second rear cover 542 may be made of
stainless steel.

[0448] The second front cover 541 and the second rear
cover 542 may be formed to be symmetrical to each other in
the forward-backward direction.

[0449] The second front cover 541 may include a second
frontal central portion 5414, a second frontal upper portion
5415, and a second frontal lower portion 541¢. The second
frontal central portion 541a may be a central portion of the
second front cover 541, and the second frontal upper portion
5415 and the second frontal lower portion 541c¢ may be
formed to be bent on both sides of the second frontal central
portion 541a.

[0450] The second rear cover 542 may include a second
rear central portion 542a, a second rear upper portion 5425,
and a second rear lower portion 542¢. The second rear
central portion 542a may be a central portion of the second
rear cover 542, and the second rear upper portion 5425 and
the second rear lower portion 542¢ may be formed to be bent
on both sides of the second rear central portion 542a.
[0451] The second front cover 541 and the second rear
cover 542 may respectively include holes 543 and 544
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formed therein to penetrate through the second front cover
531 and the second rear cover 532, and the second shaft 521,
which forms the rotational axis S2 of the second wheel 520,
may be inserted into the holes 543 and 544 to be coupled
thereto. The second shaft 521, which forms the rotational
axis S2 of the second wheel 520, may be inserted into the
holes 543 and 544 of the second front cover 541 and the
second rear cover 542 and then may be fixed to the second
bracket 540 by a welding process. By doing so, the second
wheel 520 may be coupled to the second bracket 540.
[0452] The second bracket 540 may include a second
spaced portion 540a, a second upper contact portion 5405,
and a second lower contact portion 540c.

[0453] The second spaced portion 540a may be a central
portion of the second bracket 540, and may be a portion that
is formed as the second front cover 541 and the second rear
cover 542 are spaced apart from each other. The second
wheel 520 may be received in the second spaced portion
540a within the second bracket 540.

[0454] As described in detail above, when the second
wheel 520 includes the second rotation part 524 and the
second rubber cap 523, the thickness d1 of the second rubber
cap 523 in the direction of the rotational axis S2 of the
second wheel 520 may be smaller than the thickness d2 of
the second rotation part 524 in the direction of the rotational
axis S2. That is, the second rotation part 524 may protrude
more than the second rubber cap 523 in the third direction
(Z direction) and in the direction opposite to the third
direction (Z direction).

[0455] Accordingly, when the second wheel 520 rotates
while received within the second bracket 540, the second
rubber cap 523 may not come into contact with inner
surfaces of the second front cover 541 and the second rear
cover 542 even when the second rotation part 524 comes
into contact with the inner surfaces of the second front cover
541 and the second rear cover 542. Accordingly, the second
wheel 520 may smoothly rotate within the second bracket
540 with the help of the second rotation part 524, which
serves as a lubricant, and an outer circumferential surface of
the second rubber cap 523 may come into contact with the
second rolling surface 267 without slipping.

[0456] The second upper contact portion 5406 and the
second lower contact portion 540¢ may be portions of the
second bracket 530 that are formed on both sides of the
second spaced portion 540a, and may be portions at which
the second front cover 541 and the second rear cover 542
come into close contact with each other. At the second upper
contact portion 5405 and the second lower contact portion
540c, the second front cover 541 and the second rear cover
542 may be welded to each other.

[0457] The second coupling groove 222 may be formed in
the second side edge portion 220 in the shape of a concave
groove that is dented inward from an outside of the second
side edge portion 210. The second coupling groove 222 may
be formed at a foremost portion of the second side edge
portion 220 with respect to the first direction (X direction),
or may be formed at a portion of the second side edge
portion 220 that is adjacent to the foremost portion of the
second side edge portion 210.

[0458] The second coupling groove 222 may include a
second reception portion 222a and a second insertion por-
tion 222b.

[0459] The second reception portion 222a may be a cen-
tral portion of the second coupling groove 222, and may be
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a portion in which the second wheel 520 and the second
spaced portion 540a of the second bracket 540 are posi-
tioned.

[0460] The second insertion portion 2225 may be a portion
that is formed on both sides of the second reception portion
222a. The second insertion portion 2225 may be formed in
the shape of a narrow slit in the second side edge portion 220
along the second direction (Y direction). The second upper
contact portion 5405 and the second lower contact portion
540c¢ of the second bracket 540 may be fittingly inserted into
the second insertion portion 2225. The second upper contact
portion 5405 and the second lower contact portion 540¢ of
the second bracket 540 may be forcibly inserted into the
second insertion portion 222b.

[0461] When the second wheel 520 is coupled to the
second side edge portion 220, the lateral surface of the
second wheel 520 may protrude slightly more than an outer
side surface 221 of the second side edge portion 220. That
is, the lateral surface of the second wheel 520 may protrude
more than the outer side surface 221 of the second side edge
portion 220 in the second contact direction CD2, and thus
the second wheel 520 may come into contact with the second
rolling surface 267 of the second body 20064.

[0462] The first bracket 530 and the second bracket 540
may be symmetrical to each other about the reference
surface CS, and the first coupling groove 212 and the second
coupling groove 222 may be symmetrical to each other
about the reference surface CS.

[0463] FIG. 14 is a perspective view illustrating a state in
which the first wheel 510 and the first bracket 530 (or the
second wheel 520 and the second bracket 540) are
decoupled from each other according to an embodiment of
the present disclosure.

[0464] The flexible display device 1 may include a first
guide ring 515 and a second guide ring 525.

[0465] The first guide ring 515 may be formed in the shape
of'a circular ring, and an inner diameter of the first guide ring
515 may be the same as or slightly greater than a diameter
of the first shaft 511, which forms the rotational axis S1 of
the first wheel 510. The first guide ring 515 may be placed
on the first shaft 511, which forms the rotational axis S1 of
the first wheel 510, and may be interposed between the first
wheel 510 and the first bracket 530.

[0466] An outer diameter of the first guide ring 515 may
be sufficiently small compared to an inner diameter of the
first rubber cap 513. The outer diameter of the first guide
ring 515 may be smaller than an outer diameter of the inner
ring 512a of the first bearing 512.

[0467] The first guide ring 515 may be a pair of first guide
rings 515, and the pair of first guide rings 515 may be
coupled to the first wheel 510 on both sides thereof. That is,
any one of the pair of first guide rings 515 may be interposed
between the first front cover 531 and the first wheel 510, and
the other of the pair of first guide rings 515 may be
interposed between the first rear cover 532 and the first
wheel 510.

[0468] The first guide ring 515 may prevent a front surface
and a rear surface (or a top surface and a bottom surface) of
the first wheel 510 from coming into direct contact with an
inner surface of the first bracket 530, and may help the first
wheel 510 smoothly rotate within the first bracket 530.
[0469] In particular, the first guide ring 515 may prevent
the first rubber cap 513 from coming into direct contact with
inner surfaces of the first front cover 531 and the first rear
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cover 532. Accordingly, the first wheel 510 may smoothly
rotate within the first bracket 530, and the outer circumfer-
ential surface of the first rubber cap 513 may come into
contact with the first rolling surface 257 without slipping.

[0470] The second guide ring 525 may be formed in the
shape of a circular ring, and an inner diameter of the second
guide ring 515 may be the same as or slightly greater than
a diameter of the second shaft 521, which forms the rota-
tional axis S2 of the second wheel 520. The second guide
ring 525 may be placed on the second shaft 521, which
forms the rotational axis S2 of the second wheel 520, and
may be interposed between the second wheel 520 and the
second bracket 540.

[0471] An outer diameter of the second guide ring 525
may be sufficiently small compared to an inner diameter of
the second rubber cap 523. The outer diameter of the second
guide ring 525 may be smaller than an outer diameter of the
inner ring 522a of the second bearing 522.

[0472] The second guide ring 525 may be a pair of second
guide rings 525, and the pair of second guide rings 525 may
be coupled to the second wheel 520 on both sides thereof.
That is, any one of the pair of second guide rings 525 may
be interposed between the second front cover 541 and the
second wheel 520, and the other of the pair of second guide
rings 525 may be interposed between the second rear cover
542 and the second wheel 520.

[0473] The second guide ring 525 may prevent a front
surface and a rear surface (or a top surface and a bottom
surface) of the second wheel 520 from coming into direct
contact with an inner surface of the second bracket 540, and
may help the second wheel 520 smoothly rotate within the
second bracket 540.

[0474] In particular, the second guide ring 525 may pre-
vent the second rubber cap 523 from coming into direct
contact with inner surfaces of the second front cover 541 and
the second rear cover 542. Accordingly, the second wheel
520 may smoothly rotate within the second bracket 540, and
the outer circumferential surface of the second rubber cap
523 may come into contact with the second rolling surface
267 without slipping.

[0475] FIGS. 15a and 155 are views for explaining the
coupling relationship and working relationship between the
first wheel 510, the second wheel 520, a third wheel 550, a
fourth wheel 560, a first outer rail 610, a second outer rail
620, a first inner rail 630, and a second inner rail 640. FIG.
15a schematically illustrates the flexible display device 1 in
the first state, and FIG. 155 schematically illustrates the
flexible display device 1 in the second state.

[0476] FIG. 16a is a cross-sectional view of the flexible
display device 1 of FIG. 154 taken along the line B to B', and
FIG. 165 is a cross-sectional view of the flexible display
device of FIG. 155 taken along the line C to C'.

[0477] FIG. 17a illustrates the first wheel 510, the third
wheel 550, the first outer rail 610, and the first inner rail 630
of the flexible display device 1 in the first state, FIG. 175
illustrates the second wheel 520, the fourth wheel 560, the
second outer rail 620, and the second inner rail 640 of the
flexible display device 1 in the first state, FIG. 17¢ illustrates
the first wheel 510, the third wheel 550, the first outer rail
610, and the first inner rail 630 of the flexible display device
1 in the second state, and FIG. 174 illustrates the second
wheel 520, the fourth wheel 560, the second outer rail 620,
and the second inner rail 640 of the flexible display device
1 in the second state. In FIGS. 174 and 17¢, the first inner
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rail 630 is illustrated in broken lines, and in FIGS. 176 and
17d, the second inner rail 640 is illustrated in broken lines.
[0478] In an embodiment, the flexible display device 1
may include a first outer rail 610 and a second outer rail 620.
[0479] The first outer rail 610 may be located further
outside than the first wheel 510.

[0480] The first outer rail 610 may be formed to extend in
the first direction (X direction). A length of the first outer rail
610 in the first direction (X direction) may be sufficiently
greater than a diameter of the first wheel 510. The length of
the first outer rail 610 in the first direction (X direction) may
be greater than the movement distance of the second body
2005 from the first position to the second position.

[0481] A first outer rolling groove 611 may be formed on
an inner surface of the first outer rail 610 to be parallel to the
first direction (X direction). The first outer rolling groove
611 may be formed in the shape of a concave groove such
that a portion of the lateral surface of the first wheel 510 is
received in the first outer rolling groove 611 and comes into
contact therewith. The first outer rolling groove 611 may be
formed to extend in the first direction (X direction), and may
have a constant cross section along the first direction (X
direction).

[0482] The first outer rolling groove 611 may be formed to
extend in the first direction (X direction). A length of the first
outer rolling groove 611 in the first direction (X direction)
may be the same as or greater than the movement distance
of'the second body 2005 from the first position to the second
position.

[0483] In an embodiment, the first outer rail 610 may be
formed integrally with the third side edge portion 250. That
is, the first outer rail 610 may form a portion of the third side
edge portion 250.

[0484] In another embodiment, the first outer rail 610 may
be fixedly coupled to the third side edge portion 250.
[0485] The second outer rail 620 may be located further
outside than the second wheel 520.

[0486] In the flexible display device 1, each component
may be arranged such that the first wheel 510 and the second
wheel 520 are positioned between the first outer rail 610 and
the second outer rail 620.

[0487] The second outer rail 620 may be formed to extend
in the first direction (X direction). A length of the second
outer rail 620 in the first direction (X direction) may be
sufficiently greater than a diameter of the second wheel 520.
The length of the second outer rail 620 in the first direction
(X direction) may be greater than the movement distance of
the second body 20056 from the first position to the second
position.

[0488] A second outer rolling groove 621 may be formed
on an inner surface of the second outer rail 620 to be parallel
to the first direction (X direction). The second outer rolling
groove 621 may be formed in the shape of a concave groove
such that a portion of the lateral surface of the second wheel
520 is received in the second outer rolling groove 621 and
comes into contact therewith. The second outer rolling
groove 621 may be formed to extend in the first direction (X
direction), and may have a constant cross section along the
first direction (X direction).

[0489] The second outer rolling groove 621 may be
formed to extend in the first direction (X direction). A length
of the second outer rolling groove 621 in the first direction
(X direction) may be the same as or greater than the
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movement distance of the second body 2005 from the first
position to the second position.

[0490] In an embodiment, the second outer rail 620 may
be formed integrally with the fourth side edge portion 260.
That is, the second outer rail 620 may form a portion of the
fourth side edge portion 260.

[0491] In another embodiment, the second outer rail 620
may be fixedly coupled to the fourth side edge portion 260.
[0492] In an embodiment, the flexible display device 1
may further include a first inner rail 630 and a second inner
rail 640. Also, the flexible display device 1 may further
include a third wheel 550 and a fourth wheel 560.

[0493] The first inner rail 630 may be located further
inside than the first wheel 510.

[0494] The first inner rail 630 may be formed to extend in
the first direction (X direction). A length of the first inner rail
630 in the first direction (X direction) may be sufficiently
greater than the diameter of the first wheel 510. The length
of the first inner rail 630 in the first direction (X direction)
may be greater than the movement distance of the second
body 2005 from the first position to the second position.
[0495] A first inner rolling groove 631 may be formed on
an outer surface of the first inner rail 630 to be parallel to the
first direction (X direction). The first inner rolling groove
631 may be formed in the shape of a concave groove such
that a portion of the lateral surface of the first wheel 510
and/or a portion of a lateral surface of the third wheel 550
is received in the first inner rolling groove 631 and comes
into contact therewith. The first inner rolling groove 631
may be formed to extend in the first direction (X direction),
and may have a constant cross section along the first
direction (X direction).

[0496] The first inner rolling groove 631 may be formed to
extend in the first direction (X direction). A length of the first
inner rolling groove 631 in the first direction (X direction)
may be the same as or greater than the movement distance
of'the second body 2005 from the first position to the second
position.

[0497] In an embodiment, the first inner rail 630 may be
formed integrally with the first side edge portion 210. That
is, the first inner rail 630 may form a portion of the first side
edge portion 210.

[0498] In another embodiment, the first inner rail 630 may
be formed independently from the first side edge portion
210, and may be fixedly coupled to the first side edge portion
210.

[0499] The second inner rail 640 may be located further
inside than the second wheel 520.

[0500] In the flexible display device 1, each component
may be arranged such that the first inner rail 630 and the
second inner rail 640 are positioned between the first wheel
510 and the second wheel 520.

[0501] The second inner rail 640 may be formed to extend
in the first direction (X direction). A length of the second
inner rail 640 in the first direction (X direction) may be
sufficiently greater than the diameter of the second wheel
520. The length of the second inner rail 640 in the first
direction (X direction) may be greater than the movement
distance of the second body 2005 from the first position to
the second position.

[0502] A second inner rolling groove 641 may be formed
on an outer surface of the second inner rail 640 to be parallel
to the first direction (X direction). The second inner rolling
groove 641 may be formed in the shape of a concave groove
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such that a portion of the lateral of the second wheel 520
and/or a portion of a lateral of the fourth wheel 560 is
received in the second inner rolling groove 641 and comes
into contact therewith. The second inner rolling groove 641
may be formed to extend in the first direction (X direction),
and may have a constant cross section along the first
direction (X direction).

[0503] The second inner rolling groove 641 may be
formed to extend in the first direction (X direction). A length
of the second inner rolling groove 641 in the first direction
(X direction) may be the same as or greater than the
movement distance of the second body 2005 from the first
position to the second position.

[0504] In an embodiment, the second inner rail 640 may
be formed integrally with the second side edge portion 220.
That is, the second inner rail 640 may form a portion of the
second side edge portion 220.

[0505] In another embodiment, the second inner rail 640
may be formed independently from the second side edge
portion 220, and may be fixedly coupled to the second side
edge portion 220.

[0506] The third wheel 550 may be positioned further
behind the first wheel with respect to the first direction (X
direction).

[0507] The third wheel 550 may be rotatably coupled to
the third side edge portion 250. Accordingly, when the
second body 2005 moves between the first position and the
second position, a distance between the first wheel 510 and
the third wheel 550 may change. When the second body
2005 is in the first position, the distance between the first
wheel 510 and the third wheel 550 may be greatest, and
when the second body 2005 is in the second position, the
distance between the first wheel 510 and the third wheel 550
may be smallest.

[0508] The third wheel 550 may include a third shaft 551
and a third bearing 552.

[0509] The third shaft 551 may form a rotational axis of
the third wheel 550, and may be formed to extend along the
third direction (Z direction). The third shaft 551 may be
fixed to the third side edge portion 250.

[0510] The third bearing 552 may be rotatably coupled to
the third shaft 551.

[0511] The third bearing 552 may be formed in the shape
of'a general bearing. For example, the third bearing 552 may
include an inner ring 552a, an outer ring 5524, and a
plurality of balls 552c¢.

[0512] The fourth wheel 560 may be positioned further
behind the second wheel 520 with respect to the first
direction (X direction).

[0513] The fourth wheel 560 may be rotatably coupled to
the fourth side edge portion 260. Accordingly, when the
second body 2005 moves between the first position and the
second position, a distance between the second wheel 520
and the fourth wheel 560 may change. When the second
body 2005 is in the first position, the distance between the
second wheel 520 and the fourth wheel 560 may be greatest,
and when the second body 2005 is in the second position, the
distance between the second wheel 520 and the fourth wheel
560 may be smallest.

[0514] The fourth wheel 560 may include a fourth shaft
561 and a fourth bearing 562.

[0515] The fourth shaft 561 may form a rotational axis of
the fourth wheel 560, and may be formed to extend along the
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third direction (Z direction). The fourth shaft 561 may be
fixed to the fourth side edge portion 260.

[0516] The fourth bearing 562 may be rotatably coupled to
the fourth shaft 561.

[0517] The fourth bearing 562 may be formed in the shape
of a general bearing. For example, the fourth bearing 562
may include an inner ring 562a, an outer ring 5625, and a
plurality of balls 562c.

[0518] In the flexible display device 1, each component
may be arranged such that the first inner rail 630 and the
second inner rail 640 are positioned between the third wheel
550 and the fourth wheel 560.

[0519] The third wheel 550 may come into contact with
the first inner rolling groove 631. The fourth wheel 560 may
come into contact with the second inner rolling groove 641.
[0520] In an embodiment, the first wheel 510 may be
inserted into the first inner rolling groove 631 and come into
contact therewith, and the second wheel 520 may be inserted
into the second inner rolling groove 641 and come into
contact therewith.

[0521] In an embodiment, the third wheel 550 may be
inserted into the first outer rolling groove 611 and come into
contact therewith, and the fourth wheel 560 may be inserted
into the second outer rolling groove 621 and come into
contact therewith.

[0522] In an embodiment, the first wheel 510 and the
second wheel 520 may be provided as a pair of first wheels
510 and a pair of second wheels 520.

[0523] In an embodiment, the pair of first wheels 510 and
the pair of second wheels 520 may be symmetrical to each
other, the first outer rail 610 and the second outer rail 620
may be symmetrical to each other, the first inner rail 630 and
the second inner rail 640 may be symmetrical to each other,
and the third wheel 550 and the fourth wheel 560 may be
symmetrical to each other, about the reference surface CS.

[0524] Inan embodiment, a longitudinal section of each of
the first wheel 510, the second wheel 520, the third wheel
550, and the fourth wheel 560 may have a rhombus shape.
In some embodiments, a longitudinal cross-section of a
lateral surface of each of the first wheel 510, the second
wheel 520, the third wheel 550, and the fourth wheel 560
may have a shape of an isosceles triangle that is rotationally
symmetrical about each of the rotational axis. In some
embodiments, a radially outer surface of each of the first
wheel 510, the second wheel 520, the third wheel 550, and
the fourth wheel 560 may have a V-shaped convex cross
section. Each of the first outer rolling groove 611 and the
first inner rolling groove 631 may have a V-shaped concave
cross section corresponding to the radially outer surface of
the first wheel 510 or the third wheel 550, and each of the
second outer rolling groove 621 and the second inner rolling
groove 641 may have a V-shaped concave cross section
corresponding to the radially outer surface of the second
wheel 520 or the fourth wheel 560. A cross section of each
of the first outer rolling groove 611, the second outer rolling
groove 621, the first inner rolling groove 631, and the second
inner rolling groove 641 cut along the first direction (X
direction) may have a triangular shape (see FIGS. 16a and
165).

[0525] Accordingly, the first wheel 510 may come into
contact with the first outer rolling groove 611 at two points,
and the first wheel 510 may come into contact with the first
inner rolling groove 631 at two points.
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[0526] Here, a direction of a force applied from the first
wheel 510 to the first outer rolling groove 611 and a
direction of a force applied from the first wheel 510 to the
first inner rolling groove 631 may be, respectively, inclined
directions (with respect to the second direction (Y direction)
or the third direction (Z direction)), and may be symmetrical
to each other about the reference surface CS. Also, a
direction of a force applied from the first outer rolling
groove 611 to the first wheel 510 and a direction of a force
applied from the first inner rolling groove 631 to the first
wheel 510 may be, respectively, inclined directions (with
respect to the second direction (Y direction) or the third
direction (Z direction)), and may be symmetrical to each
other about the reference surface CS.

[0527] Also, the second wheel 520 may come into contact
with the second outer rolling groove 621 at two points, and
the second wheel 520 may come into contact with the second
inner rolling groove 641 at two points.

[0528] Here, a direction of a force applied from the second
wheel 520 to the second outer rolling groove 621 and a
direction of a force applied from the second wheel 520 to the
second inner rolling groove 641 may be, respectively,
inclined directions (with respect to the second direction (Y
direction) or the third direction (Z direction)), and may be
symmetrical to each other about the reference surface CS.
Also, a direction of a force applied from the second outer
rolling groove 621 to the second wheel 520 and a direction
of a force applied from the second inner rolling groove 641
to the second wheel 520 may be, respectively, inclined
directions (with respect to the second direction (Y direction)
or the third direction (Z direction)), and may be symmetrical
to each other about the reference surface CS.

[0529] Further, the third wheel 550 may come into contact
with the first inner rolling groove 631 at two points, and the
third wheel 550 may come into contact with the first outer
rolling groove 611 at two points.

[0530] Here, a direction of a force applied from the third
wheel 550 to the first inner rolling groove 631 and a
direction of a force applied from the third wheel 550 to the
first outer rolling groove 611 may be, respectively, inclined
directions (with respect to the second direction (Y direction)
or the third direction (Z direction)), and may be symmetrical
to each other about the reference surface CS. Also, a
direction of a force applied from the first inner rolling
groove 631 to the third wheel 550 and a direction of a force
applied from the first outer rolling groove 611 to the third
wheel 550 may be, respectively, inclined directions (with
respect to the second direction (Y direction) or the third
direction (Z direction)), and may be symmetrical to each
other about the reference surface CS.

[0531] Also, the fourth wheel 560 may come into contact
with the second inner rolling groove 641 at two points, and
the fourth wheel 560 may come into contact with the second
outer rolling groove 621 at two points.

[0532] Here, a direction of a weight applied as the fourth
wheel 560 and the second inner rolling groove 641 com-
municate with each other and a direction of a weight applied
as the fourth wheel 560 and the second outer rolling groove
621 communicate with each other may be, respectively,
inclined directions (with respect to the second direction (Y
direction) or the third direction (Z direction)), and may be
symmetrical to each other about the reference surface CS.
[0533] Accordingly, friction occurring between each of
the first wheel 510, the second wheel 520, the third wheel
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550, and the fourth wheel 560 and each of the first outer
rolling groove 611, the second outer rolling groove 621, the
first inner rolling groove 631, and the second inner rolling
groove 641 may be significantly small or relatively small,
and relative movement therebetween may be stably made.

[0534] In the flexible display device 1, the first body 200a
and the second body 2005 may be connected to each other
by means of the first wheel 510 and the second wheel 520
(or by the first wheel 510, the second wheel 520, the third
wheel 550, and the fourth wheel 560). When the first body
200q and the second body 2005 move relative to each other,
the connection between the first body 200a and the second
body 2005 may be made by means of the first wheel 510 and
the second wheel 520 (or by the first wheel 510, the second
wheel 520, the third wheel 550, and the fourth wheel 560).

[0535] Accordingly, a weight applied by the first body
200a may be transferred to the second body 2005 through
the first wheel 510 and the second wheel 520 (or by the first
wheel 510, the second wheel 520, the third wheel 550, and
the fourth wheel 560), and a weight applied by the second
body 2005 may be transferred to the first body 200a through
the first wheel 510 and the second wheel 520 (or by the first
wheel 510, the second wheel 520, the third wheel 550, and
the fourth wheel 560).

[0536] When the first body 200a and the second body
2005 move relative to each other, the first wheel 510 and the
second wheel 520 (or by the first wheel 510, the second
wheel 520, the third wheel 550, and the fourth wheel 560)
may move by rolling, wherein the first wheel 510 and the
second wheel 520 (or by the first wheel 510, the second
wheel 520, the third wheel 550, and the fourth wheel 560)
may be prevented from slipping, and an occurrence of
friction (i.e., kinetic friction) may be minimized.

[0537] The first wheel 510, the first outer rail 610, the
second wheel 520, and the second outer rail 620 may block
movement of the second body 2005 relative to the first body
200q in a direction other than the first direction (X direction)
and the direction opposite to the first direction (X direction)
while guiding movement of the second body 20054 relative to
the first body 200q in the first direction (X direction) or in
the direction opposite to the first direction (X direction).
Accordingly, the second body 20056 may be moved relative
to the first body 200a accurately in an intended direction
without tilting, and thus an unintended deformation of the
flexible display 300 may be prevented from occurring.

[0538] Also, the first wheel 510, the first outer rail 610, the
second wheel 520, the second outer rail 620, the third wheel
550, the first inner rail 630, the fourth wheel 560, and the
second inner rail 640 may block movement of the second
body 2005 relative to the first body 2004 in a direction other
than the first direction (X direction) and the direction
opposite to the first direction (X direction) while guiding
movement of the second body 2005 relative to the first body
200q in the first direction (X direction) or in the direction
opposite to the first direction (X direction). Accordingly, the
second body 2006 may be moved relative to the first body
200aq accurately in an intended direction without tilting, and
thus an unintended deformation of the flexible display 300
may be prevented from occurring.

[0539] FIGS. 18a and 185 are views for explaining the
coupling relationship and working relationship between the
first body 200a, the second body 2005, and an actuator 700.
FIG. 18a schematically illustrates the flexible display device
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1 in the first state, and FIG. 185 schematically illustrates the
flexible display device 1 in the second state.

[0540] In an embodiment, the flexible display device 1
may further include an actuator 700.

[0541] The actuator 700 may be formed along a surface
that is parallel to the first region 310, and may be formed in
a curved shape. The actuator 700 may be formed such that
a thickness or width thereof in the third direction (Z direc-
tion) is relatively very small, and may prevent the flexible
display device 1 from being relatively thick in the third
direction (Z direction).

[0542] The actuator 700 may include a first end portion
710, a second end portion 720, and an elastically deformed
portion 730.

[0543] The first end portion 710, which is one end of the
actuator 700, may be rotatably coupled to the first body
200a, and the second end portion 720, which is the other end
of the actuator 700, may be rotatably coupled to the second
body 2005. The elastically deformed portion 730 may con-
nect the first end portion 710 and the second end portion 720,
wherein the first end portion 710, the second end portion
720, and the elastically deformed portion 730 may be
integrally formed.

[0544] The actuator 700 may be made of a metal material,
may be formed in the shape of, for example, a spring, and
may be elastically deformed.

[0545] The actuator 700 may be coupled to the first body
200a and the second body 2005, with the elastically
deformed portion 730 of the actuator 700 being elastically
deformed. That is, when the second body 2005 is in the first
position (i.e., when the flexible display device 1 is in the first
state), the elastically deformed portion 730 of the actuator
700 may be elastically deformed (for example, when the
flexible display device 1 is in the first state, elastic energy
stored in the elastically deformed portion 730 of the actuator
700 is E1), and when the second body 2005 is in the second
position (i.e., when the flexible display device 1 is in the
second state), the elastically deformed portion 730 of the
actuator 700 may be elastically deformed (for example,
when the flexible display device 1 is in the second state,
elastic energy stored in the elastically deformed portion 730
of the actuator 700 is E2).

[0546] A degree of elastic deformation of the elastically
deformed portion 730 of the actuator 700 measured when
the second body 2005 is between the first position and the
second position (that is, between the first state and the
second state of the flexible display device 1) may be greater
than a degree of elastic deformation of the elastically
deformed portion 730 of the actuator 700 measured when
the second body 2005 is in the first position or the second
position. That is, elastic energy E3 stored in the actuator 700
while the flexible display device 1 is in a state between the
first state and the second state may be greater than E1 and
E2.

[0547] In the following description, it is assumed that an
external force is applied to the second body 2005 to move
the second body 20056 from the first position to the second
position, and then the external force is removed.

[0548] Here, the actuator 700 may be deformed such that
the elastic energy of the actuator 700 increases from E1 to
Ex1, wherein when Ex1 is smaller than E3, the second body
2005 may move back to the first position semi-automati-
cally.



US 2022/0044598 Al

[0549] On the contrary, when Ex1 increases to be as great
as E3, which is a threshold value, the second body 2005 may
move to the second position semi-automatically.

[0550] In the following description, it is assumed that an
external force is applied to the second body 2005 to move
the second body 2005 from the second position to the first
position, and then the external force is removed.

[0551] Here, the actuator 700 may be deformed such that
the elastic energy of the actuator 700 increases from E2 to
Ex2, wherein when Ex2 is smaller than E3, the second body
2005 may move back to the second position semi-automati-
cally.

[0552] On the contrary, when Ex2 increases to be as great
as E3, which is the threshold value, the second body 2005
may move to the first position semi-automatically.

[0553] In an embodiment, the actuator 700 may be pro-
vided as a pair of actuators 700, and the pair of actuators 700
may be symmetrical to each other about the reference
surface CS.

[0554] While specific exemplary embodiments of the
present disclosure have been described above and illus-
trated, it will be understood by those skilled in the art that
the present disclosure is not limited to the described exem-
plary embodiments, and various changes and modifications
may be made to the present disclosure without departing
from the spirit and the scope of the present disclosure.
Therefore, the scope of the present disclosure is not limited
to the above-described exemplary embodiments, but shall be
defined by the technical thought as recited in the following
claims.

INDUSTRIAL APPLICABILITY

[0555] The flexible display device according to the
embodiments of the present disclosure may include a first
wheel, a second wheel, a first rolling surface, and a second
rolling surface, which facilitate sliding movement between
the first body and the second body, wherein slip and friction
occurring between the first wheel and the first rolling surface
and between the second wheel and the second rolling surface
may be minimized. Accordingly, the flexible display device
may be smoothly and stably operated (or deformed), and the
flexible display may be stably deformed. In this regard, the
present disclosure has high industrial applicability.

What is claimed is:
1. A flexible display device comprising:
a first body;

a second body configured to move in a first direction or
in a direction opposite to the first direction with
respect to the first body;

a flexible display comprising:

a first region fixed to the first body and having a planar
surface parallel to the first direction; and

a second region extending from the first region and
configured to be curved around an edge of the device,
wherein a portion of the second region that is coplanar
with the first region increases as the second body
moves in the first direction with respect to the first
body;

a first wheel coupled to the first body and configured to
contact a first rolling surface of the second body in
a first contact direction perpendicular to the first
direction; and
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a second wheel coupled to the first body and configured
to contact a second rolling surface of the second
body in a second contact direction perpendicular to
the first direction,

wherein the first contact direction and the second contact

direction are symmetrical to each other about a refer-

ence surface that bisects the first body and the second
body along a line parallel to the first direction.

2. The flexible display device of claim 1, wherein a
rotational axis of the first wheel and a rotational axis of the
second wheel are orthogonal to the planar surface of the first
region.

3. The flexible display device of claim 1,

wherein the first wheel comprises:

a first shaft forming a rotational axis of the first wheel;

a first bearing rotatably coupled to the first shaft; and

a first rubber cap made of a rubber material and fixedly
coupled to an outer circumferential surface of the
first bearing to form an outer circumferential surface
of the first wheel, and

wherein the second wheel comprises:

a second shaft forming a rotational axis of the second

wheel,

a second bearing rotatably coupled to the second shatft;

and

a second rubber cap made of a rubber material and fixedly

coupled to an outer circumferential surface of the

second bearing to form an outer circumferential surface
of the second wheel.

4. The flexible display device of claim 1,

wherein the first wheel comprises:

a first shaft forming a rotational axis of the first wheel;

a first rotation part made of an engineering plastic having

lubricity, the first rotation part being rotatably coupled

to the first shaft; and

a first rubber cap made of a rubber material, fixedly

coupled to an outer circumferential surface of the first

rotation part to form an outer circumferential surface of

the first wheel, and formed to have a thickness in a

direction of the rotational axis of the first wheel that is

smaller than a thickness of the first rotation part in the
direction of the rotational axis of the first wheel, and
wherein the second wheel comprises:

a second shaft forming a rotational axis of the second
wheel;

a second rotation part made of an engineering plastic
having lubricity, the second rotation part being rotat-
ably coupled to the second shaft; and

a second rubber cap made of a rubber material, fixedly
coupled to an outer circumferential surface of the
second rotation part to form an outer circumferential
surface of the second wheel, and formed to have a
thickness in a direction of the rotational axis of the
second wheel that is smaller than a thickness of the
second rotation part in the direction of the rotational
axis of the second wheel.

5. The flexible display device of claim 1, wherein:

the first body includes a first side edge portion and a

second side edge portion which are parallel to the first

direction;

the second body includes a third side edge portion and a

fourth side edge portion which are respectively posi-

tioned further laterally outward than the first side edge
portion and the second side edge portion;
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the first wheel is rotatably fixed to the first side edge
portion,

the second wheel is rotatably fixed to the second side edge
portion,

the first rolling surface corresponds to an inner surface of
the third side edge portion, and

the second rolling surface corresponds to an inner surface
of the fourth side edge portion.

6. The flexible display device of claim 5, comprising:

a first coupling groove formed at the first side edge
portion;

a second coupling groove formed at the second side edge
portion;

a first bracket configured to receive the first wheel such
that both end portions of a first shaft, which forms a
rotational axis of the first wheel, are fixed, wherein the
first bracket is configured to be fixed in the first
coupling groove; and

a second bracket configured to receive the second wheel
such that both end portions of a second shaft, which
forms a rotational axis of the second wheel, are fixed,
wherein the second bracket is configured to be fixed in
the second coupling groove.

7. The flexible display device of claim 6, further com-

prising:

a first guide ring placed on the first shaft and interposed
between the first wheel and the first bracket; and

a second guide ring placed on the second shaft and
interposed between the second wheel and the second
bracket.

8. The flexible display device of claim 1, wherein:

the second body further comprises a support extending
along a second direction orthogonal to the first direc-
tion;

the second body is configured to move between a first
position and a second position with respect to the first
body;

the second region includes a first connected region
extending from the first region and a second connected
region extending from the first connected region;

when the second body is in the first position, at least a
portion of the first connected region is curved around
the support and a planar surface of the second con-
nected region is spaced apart and parallel to the planar
surface of the first region, and

when the second body is in the second position, the first
connected region is coplanar with the first region and at
least a portion of portion of the second connected
region is curved around the support.

9. The flexible display device of claim 8, wherein the
support is configured to be rotatable about a rotational axis
formed along the second direction.

10. The flexible display device of claim 8, wherein each
of the first wheel and the second wheel is fixed at an end of
the first body positioned closest to the support with respect
to the first direction.

11. A flexible display device comprising:

a first body comprising a first side edge portion and a

second side edge portion formed along a first direction;

a second body configured to move in the first direction or
in a direction opposite to the first direction with respect
to the first body, wherein the second body comprises a
third side edge portion and a fourth side edge portion
formed along the first direction;

27
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a flexible display comprising:

a first region fixed to the first body and having a planar
surface parallel to the first direction; and

second region extending from the first region and
configured to be curved around an edge of the device,
wherein a portion of the second region is coplanar with
the first region increases as the second body moves in
the first direction with respect to the first body;

a first outer rail positioned at the third side edge portion
and comprising a first outer rolling groove formed at an
inwardly facing surface of the first outer rail to be
parallel to the first direction;

a second outer rail positioned at the fourth side edge
portion and comprising a second outer rolling groove
formed at an inwardly facing surface of the second
outer rail to be parallel to the first direction;

a first wheel coupled to the first side edge portion and
configured to contact the first outer rolling groove; and

a second wheel coupled to the second side edge portion
and configured to contact the second outer rolling
groove.

12. The flexible display device of claim 11, further

comprising:

a first inner rail positioned at the first side edge portion
and comprising a first inner rolling groove formed at an
outwardly facing surface of the first inner rail to be
parallel to the first direction; and

a second inner rail positioned at the second side edge
portion and comprising a second inner rolling groove
formed at an outwardly facing surface of the second
inner rail to be parallel to the first direction,

wherein the first wheel is further configured to contact the
first inner rolling groove and the second wheel is
further configured to contact the second inner rolling
groove.

13. The flexible display device of claim 11, further

comprising:

a first inner rail positioned at the first side edge portion
and comprising a first inner rolling groove formed at an
outwardly facing surface of the first inner rail to be
parallel to the first direction;

a second inner rail positioned at the second side edge
portion and comprising a second inner rolling groove
formed at an outwardly facing surface of the second
inner rail to be parallel to the first direction;

a third wheel coupled to the third side edge portion and
configured to contact the first inner rolling groove; and

a fourth wheel coupled to the fourth side edge portion and
configured to contact the second inner rolling groove.

14. The flexible display device of claim 13, wherein the
first wheel is configured to contact the first inner rolling
groove, and the second wheel is configured to contact the
second inner rolling groove.

15. The flexible display device of claim 14, wherein the
third wheel is configured to contact the first outer rolling
groove, and the fourth wheel is configured to contact the
second outer rolling groove.

16. The flexible display device of claim 12, wherein an
outer surface of the each of the first wheel and the second
wheel has an angular shape, and a cross-section of each of
the first outer rolling groove, the second outer rolling
groove, the first inner rolling groove, and the second inner
rolling groove has a concave angular shape corresponding to
the outer surface of the first wheel or second wheel.

a
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17. The flexible display device of claim 15, wherein an
outer surface of the each of the first wheel and the second
wheel has an angular shape, and a cross-section of each of
the first outer rolling groove, the second outer rolling
groove, the first inner rolling groove, and the second inner
rolling groove has a concave angular shape corresponding to
the outer surface of the first wheel or second wheel.

18. The flexible display device of claim 15, wherein:

the first wheel and the second wheel are provided as a pair

of first wheels and a pair of second wheels, respec-
tively, and

the pair of first wheels and the pair of second wheels are

symmetrical to each other, the first outer rail and the
second outer rail are symmetrical to each other, the first
inner rail and the second inner rail are symmetrical to
each other, and the third wheel and the fourth wheel are
symmetrical to each other, all with respect to a refer-
ence surface that bisects the first body and the second
body along a line parallel to the first direction.

19. The flexible display device of claim 11, further
comprising an actuator made of a metallic material and
rotatably coupled to the first body at one end portion of the
actuator and rotatably coupled to the second body at another
end portion of the actuator,

wherein the second body moves between a first position

and a second position relative to the first body, and
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wherein a degree of elastic deformation of the actuator

when the second body is between the first position and

the second position is greater than a degree of elastic
deformation of the actuator when the second body is in
the first position or the second position.

20. The flexible display device of claim 11, comprising a
plurality of support bars aligned in a second direction
orthogonal to the first direction between the third side edge
portion and the fourth side edge portion,

wherein the plurality of support bars are coupled to an

inwardly facing surface of the second region,

wherein each of the plurality of support bars comprises:

a first support slider at one end portion of the support
bar;

a second support slider at another end portion of the
support bar opposite the first support slider; and

a connection arm connecting the first support slider to the

second support slider and configured to support the

second region, and

wherein the second body further comprises:

a first movement guide groove formed as a U-shaped
groove and defining a path through which the first
support slider is moved; and

a second movement guide groove formed as a U-shaped

groove and defining a path through which the second

support slider is moved.
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