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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 10-2022-0103871, filed on AU-
GUST 19, 2022, which is hereby incorporated by refer-
ence as if fully set forth herein.

TECHNICAL FIELD

[0002] The present embodiments relate to a flexible
display device and a method for controlling the same,
and relate to a device that may retract or extend a flexible
display that may be bent or curved from a casing.

BACKGROUND

[0003] A display device may display various visual in-
formation on a screen. Such a display device may be
installed on a dashboard of a vehicle disposed in front of
adriver’s seat and a front passenger seat, and may pro-
vide various convenience information such as naviga-
tion, vehicle management and manipulation, Internet,
and entertainment.

[0004] Inthisregard, thereis amovabledisplay device.
The movable display device may move vertically or hor-
izontally against the dashboard. As the display moves
along a guide, a driver and a front-seat passenger may
selectively use the display. In the case of a pop-up-type
display, the display may be accommodated and then be
extended when needed.

[0005] A fixed display has limitations in terms of use
of space within the vehicle because of a fixed installation
location thereof, and negatively impacts forward visibility
as a size of the display increases. The pop-up style mov-
able display requires a separate accommodating space
for the display, and has a problem that as the size of the
display increases, a size of the accommodating space
also increases, limiting the utilization of the vehicle
space. In addition, in the pop-up style, the display is ex-
tended only in an upward direction from the accommo-
dating space, so that an installation location and a range
of use of the display device are limited. In addition, be-
cause the visual information is output from an entirety of
the LCD screen of the display, there is inefficiency in that
a great amount of power is used regardless of a degree
of exposure of the display.

[0006] Therefore, itis required to develop a display de-
vice having a form and a structure capable of multiplying
advantages while minimizing such disadvantages. Back-
ground art related thereto may refer to Patent No.
10-0821925 ('Apparatus for driving display’).

SUMMARY

[0007] Embodiments of the present disclosure are to
provide a display device capable of reducing an accom-
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modating space of a display.

[0008] Embodiments of the present disclosure are to
provide a display device capable of efficiently retracting
or extending a display into or from an accommodating
space.

[0009] In addition, embodiments of the present disclo-
sure are to provide a display device capable of controlling
a degree of exposure of a display based on a purpose
of use of a display.

[0010] In addition, embodiments of the present disclo-
sure are to provide a display device capable of saving
power for outputting visual information on a display
screen.

[0011] In addition, embodiments of the present disclo-
sure are to provide a display device capable of extending
adisplay in a downward direction from an accommodat-
ing space.

[0012] The problem to be solved by the present disclo-
sure is not limited to the above, and other problems not
mentioned will be clearly understood by those skilled in
the art to which the present disclosure belongs from the
description below.

[0013] A display device according to embodiments of
the present disclosure includes a casing with an opening
defined in a lower surface thereof, a display unit config-
ured to be retracted into and extended out of the casing
via the opening, a display driver for moving the display
unit, and a display winder for winding the display unit
thereon based on the movement of the display unit.
[0014] Preferably, the display unit may include a flex-
ible display, and a display cover adhered to a rear surface
of the display, and the display unit is selectively wound
on and by the display winder.

[0015] In addition, preferably, the display winder may
include a cylindrical rotary drum rotatable around a hor-
izontal rotation shaft, and a radius of rotation R of the
rotary drum may be at least 45 mm. In addition, the flex-
ible display may be a plastic organic light-emitting diode
(POLED).

[0016] Preferably, the display device may further in-
clude a display guide for guiding the movement of the
display unit inside the casing, the display guide may in-
clude a curvature guide having a curved surface spaced
a predetermined distance apart from an outer circumfer-
ential surface of the rotary drum, and the display unit may
be wound between the curvature guide and the rotary
drum.

[0017] Preferably, the display guide may include a
straight guide for guiding a section of the flexible display
where the display moves linearly inside the casing. The
straight guide may include a plurality of rollers.

[0018] Preferably, the display driver may include a mo-
tor connected to the rotation shaft of the rotary drum, the
motor is configured to rotate the rotation shaft to rotate
the rotary drum, and the flexible display may be wound
around the rotary drum by rotation of the rotary drum.
[0019] Preferably, the display driver may include a
worm gear assembly connected to the motor and having
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a rotation shaft parallel to the motor, and a worm wheel
assembly connected to the worm gear assembly and
having a rotation shaft perpendicular to the motor, and
the rotation shaft of the worm wheel assembly may as
also be the rotation shaft of the rotary drum to move the
display unit with rotation of the motor.

[0020] Preferably, a display support may include a first
support arm having a first end pivotably connected to an
upper point inside the casing and a second end connect-
ed to a rear surface of the display unit, wherein the first
support arm pivots in a plane parallel to a screen of the
display unit. In addition, the display support may further
include a second support arm having one end connected
to the second end of the first support arm and another
end connected to a lower end of the display unit, wherein
the second support arm pivots in the same plane as the
first support arm, but pivots in a direction opposite to a
pivoting direction of the first support arm.

[0021] Preferably,thefirstsupportarm may have a pro-
trusion protruding from the first end thereof, a spring may
be connected to the protrusion, and the spring may apply
a force to pivot the first support arm in an extension di-
rection of the display unit.

[0022] Preferably, the display device may further in-
clude a sensor assembly for sensing a rotation state of
the rotary drum. The sensor assembly may include a plu-
rality of sensors, and a sensed portion capable of being
sensed by at least one of the plurality of sensors, the
sensed portion may be connected to a side surface of
the rotary drum, and said one of the plurality of sensors
may recognize a different state than a state recognized
by the other sensors based on the rotation state of the
rotary drum.

[0023] Preferably, an extension range of the display
unit may be controlled based on the rotation state of the
rotary drum recognized by the sensor assembly.

[0024] Preferably, the display driver may control oper-
ation of a motor based on the rotation state of the rotary
drum recognized by the sensor assembly.

[0025] Preferably, the sensed portion may have a hole
defined therein, and the hole may be located in a recog-
nition area of one of the plurality of sensors based on the
rotation of the rotary drum.

[0026] Preferably, the display device may further in-
clude a rear protective cover detachable from a rear sur-
face of the display unit and covering an exposed portion
of the rear surface of the display unit. Each of the display
unit and the rear protective cover may have a plurality of
magnets, each magnet of the display unit and a respec-
tive magnet of the rear protective cover may be located
at corresponding locations in a vertical direction, and the
rear protective cover may be detached from the display
unit by separating the respective magnets.

[0027] Inaddition, preferably, the rear protective cover
may be removed from the display unit when the display
unit is retracted into the casing. In addition, the display
device may further include a cover winding drum capable
of winding the rear protective cover removed from the
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display unit thereon.

[0028] A display device according to one embodiment
of the present disclosure includes a casing with an open-
ing defined in a lower surface thereof, a display unit ca-
pable of being retracted into and extended out of the cas-
ing via the opening, a display driver for moving the display
unit, a display winder for winding the display unit thereon
based on the movement of the display unit, a rear pro-
tective cover for covering a rear surface of the display
unit, and a rear cover winder for winding the rear protec-
tive cover thereon, and the display unitincludes a flexible
POLED display.

[0029] In addition, in a display device, winding or un-
winding of a flexible POLED display causes the display
to be retracted into or extended from a casing, a flexible
cover for protecting a rear surface of the display is at-
tached to or detached from the rear surface of the display,
and the cover is wound within the casing.

[0030] According to one of the embodiments of the
present disclosure, the space utilization is increased by
reducing the accommodating space for the display.
[0031] In addition, according to one of the embodi-
ments of the present disclosure, usability of the display
may be increased by adjusting the degree of exposure
of the display, and the power may be saved by using the
power only for the exposed portion of the display area.
[0032] In addition, according to one of the embodi-
ments of the present disclosure, the flexible display may
be retracted into or extended from the accommodating
space while being safely protected.

[0033] In addition, according to one of the embodi-
ments of the present disclosure, the flexible display may
be extended in the downward direction.

[0034] Effects obtainable from the present disclosure
are not limited to the effects mentioned above, and other
effects not mentioned will be clearly understood by those
skilled in the art from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 is a perspective view of a display device ac-
cording to an embodiment of the present disclosure.
FIG. 2is a front perspective view showing the interior
of a display device according to an embodiment of
the present disclosure.

FIG. 3A is a front perspective view showing the in-
terior of a display device according to an embodi-
ment of the present disclosure.

FIG. 3B is a rear perspective view showing the inte-
rior of a display device according to an embodiment
of the present disclosure.

FIG. 4A is an exploded view of a display unit of a
display device according to an embodiment of the
present disclosure.

FIG. 4B shows a cross-section of a display cover of
a display device according to an embodiment of the
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present disclosure.

FIG. 4C is an exploded view of a connection portion
of a display unit of a display device according to an
embodiment of the present disclosure.

FIG. 5A is a front perspective view showing the in-
terior of a display device according to an embodi-
ment of the present disclosure.

FIG. 5b is a rear perspective view showing the inte-
rior of a display device according to an embodiment
of the present disclosure.

FIG. 5C is arear perspective view showing the inte-
rior of a display device according to an embodiment
of the present disclosure.

FIG. 5D shows a state of a spring for each mode of
a display device according to an embodiment of the
present disclosure.

FIG. 5E is an exploded view of a portion of an arm
joint of a display device according to an embodiment
of the present disclosure.

FIG. 6 shows a display driver of a display device
according to an embodiment of the present disclo-
sure.

FIG. 7 shows a display winder and a display guide
of a display device according to an embodiment of
the present disclosure.

FIG. 8 shows a display winder and sensor assembly
of a display device according to an embodiment of
the present disclosure and an exploded view thereof.
FIG. 9A illustrates sensor assembly of a display de-
vice according to an embodiment of the present dis-
closure.

FIG. 9B shows a sensor and a sensed portion ac-
cording to an embodiment of the present disclosure.
FIG. 10A illustrates modes of a display device ac-
cording to an embodiment of the present disclosure.
FIG. 10B illustrates a movement of a display support
of a display device according to an embodiment of
the present disclosure.

FIG. 11A shows the interior of a display device ac-
cording to an embodiment of the present disclosure.
FIG. 11B shows components that are involved in pro-
tecting a rear surface of a display unit according to
an embodiment of the present disclosure.

FIG. 11C illustrates a cover guide according to an
embodiment of the present disclosure.

FIG. 11D shows a cover winding drum and an ex-
ploded view thereof according to an embodiment of
the present disclosure.

FIG. 11E shows a rear protective cover and an ex-
ploded view thereof according to an embodiment of
the present disclosure.

FIG. 12 shows a protective cover according to an
embodiment of the present disclosure.

FIG. 13 shows detachable portions of adisplay cover
and a protective cover according to an embodiment
of the present disclosure.

FIG. 14 shows a state in each mode of a display
device according to an embodiment of the present
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disclosure.

DETAILED DESCRIPTION

[0036] Advantages and features of the present disclo-
sure, and a method for achieving the same, will become
apparent with reference to the embodiments described
below in detail in conjunction with the accompanying
drawings. However, the present disclosure may not be
limited to the embodiments disclosed below, but may be
implemented in a variety of different forms. The present
embodiments are provided only to ensure that the dis-
closure of the presentdisclosure is complete, and to com-
pletely inform those skilled in the art to which the present
disclosure belongs, the scope of the present disclosure.
The present disclosure is only defined by the scope of
the claims.

[0037] The terminology used herein is for the purpose
of describing the embodiments only and is not intended
to limit the present disclosure. As used herein, the sin-
gular forms "a" and "an" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise. As used herein, "comprises" and/or "comprising"
do not exclude the presence or addition of one or more
other components in addition to a stated component. Like
reference numerals refer to like components throughout
the specification, and "and/or" includes each of the men-
tioned components and every combination of one or
more of the components. Although "first", "second", and
the like are used to describe various components, it is
apparent that such components are not limited by such
terms. Such terms are only used to distinguish one com-
ponent from another. Accordingly, it is apparent that the
first component mentioned below may be the second
component within the technical spirit of the present dis-
closure.

[0038] Unless otherwise defined, all terms including
technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which the present disclosure belongs.
In addition, terms defined in a commonly used dictionary
are not to be interpreted ideally or excessively unless
specifically defined explicitly.

[0039] Spatially relative terms "below", "beneath",
"lower", "above", "upper", and the like may be used to
easily describe a correlation between one component
and other components as shown in the drawings. Spa-
tially relative terms should be understood as terms in-
cluding different directions of the components during use
or operation in addition to directions shown in the draw-
ings. Forexample, when a component shown in the draw-
ings is flipped, a component described as being located
"below" or "beneath" another component may be placed
"above" said another component. Accordingly, the ex-
emplary term "below" may include both downward direc-
tion and upward direction. Components may also be ori-
ented in other directions, and thus, spatially relative terms
may be interpreted based on the orientation.
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[0040] FIG. 1is a perspective view of a flexible display
device (hereinafter, referred to as a 'display device’) 1000
according to an embodiment of the present disclosure.
FIG. 2 is a front perspective view showing the interior of
the display device 1000. FIGS. 3A and 3B are a front
perspective view and a rear perspective view showing
the interior of the display device 1000. FIGS. 3A and 3B
show the interior of the display device 1000 in which a
side frame 920 and an upper frame 930 in FIG. 2 are
omitted.

[0041] Elements unnecessary for description, such as
brackets or frames, screws, clips, rods (or bars), and the
like, for fixing components may be omitted in the draw-
ings. That is, in the drawings, some components may be
omitted to illustrate components located inside a casing
of the display device 1000, and components shown in
each drawing may be included in the display device 1000.
[0042] (a) in FIG. 1 is a perspective view showing a
lower right portion of the display device 1000, and (b) in
FIG. 1 is a perspective view showing an upper right por-
tion of the display device 1000. In FIG. 1, a direction in
which a screen of a display unit 100 is oriented is defined
as a forward direction, and a direction opposite thereto
is defined as a rearward direction. In addition, upper and
lower sides and right and left sides are defined based on
the drawing. Hereinafter, the drawings will be described
based on the directions defined in FIG. 1.

[0043] Thedisplay device 1000 includes a casing com-
posed of a side casing 10 and an upper casing 20. The
side casing 10 surrounds side surfaces of the display
device 1000, and the upper casing 20 covers an upper
portion of the display device 1000. The casing includes
a lower surface connected to a lower end of the side
casing 10, and the lower surface covers a lower portion
of the display device 1000. The lower surface of the cas-
ing has an opening defined therein through which the
display unit 100 may be retracted/extended.

[0044] In the display device 1000, the display unit 100
may be extended in a downward direction from the open-
ing defined in the lower surface of the casing. A space
for accommodating the display unit 100 therein may be
defined inside the casing, and the display unit 100 may
be wound and accommodated in the internal space of
the casing. That s, the display unit 100 may be extended
to the outside from the opening defined in the lower sur-
face of the casing or may be retracted into the casing via
the opening and accommodated inside the casing. The
opening is defined in a size that allows the display unit
100 to be retracted or extended therethrough.

[0045] The casing protects components located in the
internal space thereof andimproves an outer appearance
of the device. A shape of the casing is not limited to that
shown in the drawings, and a person having ordinary
knowledge in the technical field to which the present dis-
closure belongs (hereinafter, referred to as ’‘a person
skilled in the art’) may properly change the shape of the
casing within the scope of the technical idea of the
present disclosure.
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[0046] FIG. 2 shows internal components of the casing
ofthe display device 1000. Referring to FIG. 2, the display
device 1000 may include a side frame 920 and an upper
frame 930. The side frame 920 is a frame adjacent to an
inner wall of the side casing 10, and the upper frame 930
is a frame adjacent to an inner wall of the upper casing
20. The frame may have a shape and fixing means (such
as a bolt hole) for fixing components of the display device
1000 at intended locations. Although not shown in detail
inthe drawings, a PCB or a cable connected to the display
unit 100, or other components may be placed at appro-
priate locations inside the casing using the frame.
[0047] FIGS. 3A and 3B show internal components of
the display device 1000 in FIG. 2. In FIGS. 3A and 3B,
all or some of the frames obstructing the view are omitted
to show the internal configurations. Referring to FIGS.
3A and 3B, the display device 1000 may include the dis-
play unit 100, a display driver 200, a display winder 300,
adisplay guide 400, sensor assembly 500, a display sup-
port 600, arear protective cover 700, a cover winder 800,
or a cover guide 900.

[0048] The display unit 100 includes components re-
lated to a display screen that outputs various information.
[0049] FIG. 4A, as an exploded view of the display unit
100, may show components of the display unit 100. The
display unit 100 includes a display 110, a connection
sheet 120, or a display cover 130.

[0050] The display 110 may be the flexible or rollable
display 110. The display 110 may be a plastic organic
light-emitting diode (POLED). The POLED, as an OLED
to which a substrate of polyimide (Pl), a type of plastic,
is applied, may realize a curved surface.

[0051] The display 110 may be curved, and a radius
of curvature at which the display 110 is curved may be
equal to or greater than 50 mm. Preferably, the radius of
curvature atwhich the display 110 is curved may be equal
to or greater than 30 mm. The display 110 may include
a light emitting diode (LED) including the OLED, an
AMOLED, or the PMOLED. A width (in a horizontal di-
rection) and a height (in a vertical direction) of the display
110 may be appropriately designed by a person skilled
in the art.

[0052] One surface of the connection sheet 120 is in
contact with a rear surface of the display 110, and a sur-
face opposite thereto is in contact with the display cover
130. The connection sheet 120 may have adhesive prop-
erties on the front surface and the rear surface thereof
so as to perform a function of adhering the display 110
and the display cover 130 to each other. The connection
sheet 120 may be constructed with adhesive means such
as an adhesive foam tape. The connection sheet 120
may be a foam tape divided based on a size of the display
cover 130.

[0053] An upper end of the display unit 100 may be
connected to a rotary drum 310 of the display winder 300,
and may be flexible so as to be wound around the rotary
drum 310.

[0054] The rear surface of the display 110 may be ad-
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hered to the display cover 130 by the adhesive means
such as the connection sheet 120. The display unit 100
in which the display 110, the connection sheet 120, and
the display cover 130 are coupled to each other may be
wound or unwound by the display winder 300. Therefore,
when the display unit 100 is retracted into the casing, the
display winder 300 winds the display unit 100, and when
the display unit 100 is extended to the outside of the
casing, the display winder 300 unwinds the display unit
100. The display winder 300 winds the display unit 100
while an outer circumferential surface thereofis in contact
with a front surface of the display unit 100. That is, the
display winder 300 may be located in front of the display
unit 100. However, the display winder 300 may not be
restricted to being located in front of the display unit 100,
and may be located at various positions based on wheth-
er components (the rear protective cover 700, the rear
cover winder 800, and the like) exist or based on a vehicle
structure for mounting the device.

[0055] The display cover 130 is a cover that protects
the rear surface of the display 110. The display cover
130 may complement the display 110 having no rigidity.
The display cover 130 may be formed in a shape that is
longer in the horizontal direction than in the vertical di-
rection. A plurality of display covers 130 may be adhered
to the rear surface of the display 110 via double-sided
adhesive means such as the FOAM tape. The double-
sided adhesive means may be applied separately for
each display cover 130.

[0056] A width of the display covers 130 may be equal
to or greater than the width of the display 110. A height
and a cross-sectional shape of the display covers 130
may be appropriately designed by a person skilled in the
art, considering whether the display covers 130 can flex-
ibly respond to the curving of the display 110. One display
cover 130 may be adhered to the rear surface of the
display 110 in the shape that is long in the horizontal
direction, and the plurality of display covers 130 may be
vertically arranged and uniformly adhered to the rear sur-
face of the display 110. The connection sheet 120 may
include various adhesive means for adhering the display
cover 130 to the rear surface of the display 110.

[0057] The display unit 100 may be flexible and thus
be wound around the rotary drum 310 of the display wind-
er 300.

[0058] FIG. 4A shows a state in which the plurality of
display covers 130 are removed only in a lower partial
area of the display unit 100.

[0059] FIG. 4B shows a cross-section of an end of the
display cover 130 cut vertically. Referring to FIG. 4B, the
display cover 130 may further include magnets 132 at
both ends thereof in the horizontal direction. The magnet
132 may be utilized for the display cover 130 to be at-
tached to or detached from the rear protective cover 700
(see FIG. 3B) to be described later. For example, the rear
protective cover 700 (see FIG. 3B) may be attached to
a rear surface of an exposed portion of the display unit
100, and a portion of the display unit 100 inside the casing
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may be separated from the rear protective cover 700.
[0060] The display unit 100 may further include a lower
fixing plate 140, a lower fixing clip 142, and a connection
reinforcement.

[0061] The lower fixing plate 140 may be a flat plate in
surface contact with a lower partial area of the rear sur-
face of the display 110. A width of the lower fixing plate
140 may be at least the same as the width of the display
110 or the same as the width of the display cover 130.
The lower fixing clip 142 is acomponent thatis connected
to the lower fixing plate 140 at a lower end of a front
surface of the display 110. A lower end of the display 110
may be fixed by connecting the lower fixing clip 142 and
the lower fixing plate 140 to each other. The lower fixing
plate 140 and the lower fixing clip 142 may protect the
lower end of the flexible display 110, and the lower fixing
plate 140 may be connected to the display support 600
to be described later.

[0062] A material of the lower fixing plate 140 and the
lower fixing clip 142 may include aluminum (AL), and
other materials with appropriate rigidity may be applied
to the lower fixing plate 140 and the lower fixing clip 142
by a person skilled in the art.

[0063] FIG. 4C is an enlarged view of a connection
portion at an upper end of the display 110 to illustrate the
connection reinforcement according to an embodiment.
The connection reinforcement is a component that rein-
forces a vulnerable portion where the display 110 and
the PCB are connected to each other.

[0064] As shown in FIG. 4C, the display 110 may be
connected to the PCB via a flexible flat cable (FFC), and
the PCB may be rotatably connected to the rotary drum
310 of the display winder 300. When the display unit 100
is retracted or extended by rotation of the rotary drum
310, there is a concern that the PCB or the FFC may be
damaged by an external force, so that the connection
reinforcement may include a PCB cover 150 and a cable
cover 152 that may protect the PCB orthe FFC. The PCB
cover 150 and the cable cover 152 are located adjacent
to rear surfaces of the PBC and the FFC cable, respec-
tively. The PCB cover 150 is rotatably connected to the
rotary drum 310 in close contact with the PCB, and the
cable cover 152 is connected to the PCB cover 150 so
as to cover the cable for connecting the PCB and the
display 100 to each other.

[0065] The display 110 may be connected to a sPCB
and a cPCB, and control of the display 110 may be per-
formed by a main PCB.

[0066] The display driver 200 is a component that
moves the display unit 100.

[0067] Some components are omitted in FIGS. 5A to
5E to show the rear surface of the display unit 100.
[0068] Referringto FIGS. 5A to 5E, the display device
1000 may include the display support 600.

[0069] Referring to FIG. 5B, the display support 600
includes an upper bracket 610, a first support arm 620,
a second support arm 630, an arm joint 640, and/or a
lower fixing joint 650. In addition, the display support 600
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may further include a support bar 660 and a spring 662.
[0070] The display support 600 supplements rigidity of
the flexible display unit 100, allowing the extended dis-
play unit 100 to maintain a straight and flat shape.
[0071] The upper bracket 610 is disposed in a space
above the display unit 100, and provides a point where
an end (an upper end) of the first support arm 620 may
be pivotably connected. The end of the first support arm
620 may be pivotably connected to one point of the upper
bracket 610.

[0072] The first support arm 620 is an arm member
that has one end (the upper end) pivotably connected to
the upper bracket 610 and pivots based on the movement
of the display unit 100. The first support arm 620, as the
arm member having a predetermined length, pivots on a
virtual plane parallel to an exposed surface of the display
unit 100. The first support arm 620 is located adjacent to
the rear surface of the display unit 100.

[0073] One end (an upper end) of the second support
arm 630 is pivotably connected to the other end (a lower
end) of the first support arm 620, and the other end (a
lower end) of the second support arm 630 is pivotably
connected to a lower end of the display unit 100. The first
support arm 620 and the second support arm 630 may
be connected to each other in a form in which toothed
gears are meshed with each other, as shown in FIG. 5E.
The first support arm 620 and the second support arm
630 are connected to each other by the gears (for exam-
ple, spur gears), so that when the first support arm 620
pivots, the second support arm 630 also pivots. Accord-
ingly, the first support arm 620 and the second support
arm 630 may pivot together based on the movement of
the display unit 100.

[0074] The second support arm 630, as an arm mem-
ber having a predetermined length, may pivot on a virtual
plane parallel to the exposed surface of the display unit
100. That is, the second support arm 630 may pivot on
the same plane as the pivot plane of the first support arm
620. However, the second support arm 630 pivots in a
direction opposite to that of the first support arm 620. For
example, when the first support arm 620 pivots clock-
wise, the second support arm 630 pivots counterclock-
wise. The second support arm 630 may be located ad-
jacent to the rear surface of the display unit 100.

[0075] Thedisplay support 600 may furtherinclude the
arm joint 640 to maintain the connection between the first
support arm 620 and the second support arm 630. The
arm joint 640 functions to ensure that a gearwheel of the
first support arm 620 and a gearwheel of the second sup-
port arm 630 are well engaged with each other. The arm
joint 640 has one end pivotably connected to the first
support arm 620 and the other end pivotably connected
to the second support arm 630.

[0076] A joint spacer 642 may be disposed at a con-
nection portion where the first support arm 620 and the
second support arm 630 are in surface contact with the
arm joint 640 so as to eliminate a gap resulted from an
assembly tolerance. The joint spacer 642 may be posi-
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tioned between the first support arm 620 and the arm
joint 640 and between the second support arm 630 and
the arm joint 640 to fill a clearance space generated be-
tween the arm joint 640 and the driving arms. Therefore,
the joint spacer 624 minimizes tilt of the display unit 100
caused by the gap.

[0077] The first support arms 620 may be disposed in
a bilaterally symmetric manner with respect to a center
of the display unit 100. In addition, the second support
arms 630 may be disposed in a bilaterally symmetric
manner with respect to the center of the display unit 100.
Thatis, the display support 600 may include a pair of first
support arms 620 disposed in a bilaterally symmetric
manner and a pair of second support arms 630 disposed
in a bilaterally symmetric manner. In this regard, pivoting
directions of the two (the pair of) first support arms 620
are opposite to each other. In addition, pivoting directions
of the two (the pair of) second support arms 630 are op-
posite to each other. For example, when viewing the rear
surface of the display unit 100 (see FIG. 10B), a left first
support arm pivots counterclockwise when a right first
support arm pivots clockwise.

[0078] The lower ends of the pair of second support
arms 630 may be pivotably connected to the lower end
of the display unit 100, and the display support 600 may
include the lower fixing joint 650 for connecting the sec-
ond support arms 630 to the lower end of the display unit
100. The lower fixing joint 650 is a component having a
predetermined length in the horizontal direction and is
pivotably connected to the lower ends of the second sup-
port arms 630. The lower fixing joint 650 may provide
points at which the support arms may be connected to
the display unit 100. The lower fixing joint 650 is connect-
ed to the lower fixing plate 140 of the display unit 100.
[0079] The first support arm 620 and the second sup-
port arm 630 may contain a metal material, which may
be aluminum (AL). Materials of the arm joint 640 and the
lower fixing joint 650 may include steel electrolytic cold
commercial (SECC) or SUM specified in Korean Indus-
trial Standards (KS). Materials of the joint spacer 624
include PET.

[0080] In one example, the first support arm 620 in-
cludes a protrusion 622 protruding from the upper end
thereof, and the protrusion 622 is connected to a spring
624. The spring 624 applies a force to the protrusion 622,
and a direction of the force is a direction in which the first
support arm 620 pivots in a direction in which the display
unit 100 is exposed. That is, the spring 624 pulls the
protrusion 622 toward the center in the horizontal direc-
tion.

[0081] Referring to FIG. 5C, the right first support arm
620 shown in the drawing has the protrusion 622 at the
upper end thereof. In addition, one end of the spring 624
is connected to the protrusion 622, and the other end of
the spring 624 is connected to a central portion of the
upper bracket 610. Accordingly, the spring 624 pulls the
protrusion 622 of the right first support arm 620 toward
the central portion of the upper bracket610. In thisregard,
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the direction in which the protrusion 622 is pulled is the
direction in which the display unit 100 is exposed while
the right first support arm 620 pivots counterclockwise.
Eventually, the spring 624 applies the force in the direc-
tion in which the display unit 100 is exposed. Therefore,
the display unit 100 may always receive a tensile force
in an unfolding direction, and the unfolded display unit
100 may be maintained straight by the force of the spring
624.

[0082] Referring to FIG. 5C, the spring 624 may be
connected to the protrusion 622 disposed at the upper
end of the left first support arm 620, and the spring 624
may pull the protrusion of the left first support arm 620
toward the central portion of the upper bracket 610.
[0083] The spring 624 applies the force such that the
first support arm 620 pivots in the direction in which the
display unit 100 is unfolded.

[0084] FIG. 5D shows an appearance of the spring 624
and the protrusion 622 based on a degree of extension
of the display unit 100. A first mode represents a state in
which the display unit 100 is not extended, and a fourth
mode represents a state in which an entirety of the display
unit 100 is extended.

[0085] Referring to FIG. 5D, the more the display unit
100 is extended, the shorter the spring 624 is. Therefore,
an amount of tension applied to the spring 624 may also
decrease as the display unit 100 is extended.

[0086] In one example, referring to FIGS. 5B and 5C,
one end of the support bar 660 may be pivotably con-
nected to a point in the internal space of the casing, and
the other end of the support bar 660 may be in contact
with the rear surface of the display unit 100 to support
the display unit 100. A pivot plane of the support bar 660
may be perpendicular to the screen of the display unit
100, and a pivot angle of the support bar 660 may be
limited within a predetermined range. In addition, the sup-
port bar 660 is connected to the spring 662 and has a
force to pivot in a certain direction by the spring 662.
[0087] The spring 662 applies a force to the support
bar 660 such that the other end of the support bar 660
moves in an upward direction. One end of the spring 662
may be connected to one end of the support bar 660,
and the other end of the spring 662 may be connected
to the lower surface of the casing. When the spring 662
applies the force to the support bar 660, the support bar
660 tries to pivot in a direction in which the other end
thereof ascends.

[0088] When the display unit 100 is extended in the
downward direction, the other end of the support bar 660
is pushed by the display unit 100 being extended and
pivots in the downward direction, and the other end of
the support bar 660 supports the rear surface of the dis-
play unit 100 in the state in which the display unit 100 is
extended. Because the support bar 660 tries to pivot in
the upward direction by the spring 662, the other end of
the support bar 660 may support the rear surface of the
display unit 100 with such force.

[0089] When the display unit 100 is retracted in the
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upward direction, the other end of the support bar 660
maintains the state of supporting the rear surface of the
display unit 100, that is, the state in which the support
bar 660 is pivoted in the downward direction. When the
display unit 100 is retracted and the lower end of the
display unit 100 is positioned higher than the other end
of the support bar 660, the other end of the support bar
660 may pivot in the upward direction by the spring 662.
[0090] FIG. 14 shows pivoting of the support bar 660
for each mode of the display unit 100. As shown in FIG.
14, in the first mode, the support bar 660 supports the
lower end of the display unit 100 across an entrance of
the display unit 100. When the display unit 100 is retract-
ed (a second mode to the fourth mode), the support bar
660 may be pivoted in the downward direction by a pre-
determined angle by the descending display unit 100,
and the support bar 660 may support the rear surface of
the display unit 100 with elasticity of the spring 662 con-
nected to the support bar 660. The other end of the sup-
port bar 660 represents a portion of the support bar 660
exposed to the outside of the casing.

[0091] Oneendofthe supportbar660 may be pivotably
connected to the point in the casing, but the other end of
the support bar 660 may be exposed to the outside of
the casing. The portion of the support bar 660 may be
exposed to the outside of the casing, and the opening
may be defined in the lower surface of the casing so as
to expose the other end of the support bar 660. A size
and a shape of the opening may be properly designed
so as to adjust a maximum pivot angle of the support bar
660. In addition, at least two support bars 660 may be
disposed in a bilaterally symmetric manner.

[0092] FIG. 6 shows the display driver 200 of the dis-
play device 1000. The display driver 200 may include a
motor 210, a timing belt 220, a worm gear assembly 230,
and/or a worm wheel assembly 240.

[0093] The motor 210 provides power to move the dis-
play winder 300. The motor 210 may be connected to
the rotary drum 310 to rotate the rotary drum 310. Various
gear parts may be used to connect the motor 210 and
the rotary drum 310 to each other.

[0094] As shown in FIG. 6, the timing belt 220 is con-
nected to a rotation shaft of the motor 210, and the worm
gear assembly 230 is connected to the timing belt 220
to rotate. The worm wheel assembly 240 is engaged with
the worm gear assembly 230 to rotate, and is connected
to a rotation shaft of the rotary drum 310 to transmit the
power of the motor 210 to the rotary drum 310. When the
rotary drum 310 s rotated by the motor 210, as the display
unit 100 is wound around or unwound from the rotary
drum 310 based on a rotation direction of the rotary drum
310, an extension range of the display unit 100 may be
controlled. At the same time, based on the movement of
the display unit 100, the first support arm 620, the second
supportarm 630, and/orthe support bar 660 of the display
support 600 may move to support the rear surface of the
display unit 100.

[0095] In one example, rotation of the motor 210 may
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be controlled by a controller (not shown). For example,
the controller (not shown) may control the operation of
the motor 210 for appropriate retraction or extension of
the display unit 100. A size of an area of the display unit
100 extended to the outside of the casing may vary de-
pending on the mode, and the motor 210 may control the
operation based on the mode selected by a user to adjust
an exposure range of the display unit 100. The motor 210
may be a stepping or hybrid motor. The controller (not
shown) may be an integrated controller or a head unit of
the vehicle. Alternatively, the controller (not shown) may
be constituted by software, hardware, a processor, or a
combination thereof for controlling the display device.
[0096] The worm gear assembly 230 includes a rod
rotating with a rotation shaft parallel to the rotation shaft
of the motor 210 and a worm gear connected to the rod.
The worm gear assembly 230 may rotate by the rotation
of the motor 210, and may operate by being connected
to the motor 210 using the timing belt 220. That is, the
motor 210 may rotate the rod of the worm gear assembly
230 by the timing belt 220.

[0097] The worm wheel assembly 240 is connected to
the worm gear assembly 230 and includes a worm wheel
gear having a rotation shaft perpendicular to the rotation
shaft of the motor 210 or the worm gear assembly 230.
As shown in FIG. 6, the rotation shaft of the worm wheel
assembly 240 is the same as the rotation shaft of the
rotary drum 310. Therefore, when the worm wheel as-
sembly 240 rotates by the rotation of the motor 210, the
rotary drum 310 rotates.

[0098] Materials of the worm wheel gear may include
polyoxymethylene (POM), and materials of the worm
gear may include brass.

[0099] FIG. 7 shows the display winder 300 and the
display guide 400 of the display device 1000. The display
winder 300 and the display guide 400 are located inside
the casing.

[0100] The display guide 400 is a component that
guides the display unit 100 that is wound around the ro-
tary drum 310. The display guide 400 includes a curva-
ture guide 410 and a straight guide 420. The curvature
guide 410 is spaced apart from an outer circumferential
surface of the rotary drum 310 by a predetermined dis-
tance D1 to guide the display unit 100. That s, the display
unit 100 may be guided by the distance D1 between the
curvature guide 410 and the outer circumferential surface
of the rotary drum 310. D1 is equal to or greater than a
thickness of the display unit 100. The curvature guide
410 has a concave curved surface having a radius of
curvature corresponding to a radius R of the rotary drum
310+D1. At least two curvature guides 410 may be dis-
posed in a bilaterally symmetric manner to guide the dis-
play unit 100 uniformly.

[0101] The straight guide 420 is located inside the
opening through which the display unit 100 is retracted
or extended, and includes a plurality of rollers that are in
contact with the front surface of the display unit 100.
[0102] The straight guide 420 may be composed of a
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rod oriented in the horizontal direction inside the display
device 1000 and the plurality of rollers connected to the
rod. The straight guide 420 allows the display unit 100
to be wound uniformly while being retracted/extended.
The straight guide 420 may guide a straight moving sec-
tion of the display unit 100 inside the casing.

[0103] The display guide 400 is located inside the cas-
ing and guides the movement of the display unit 100. The
curvature guide 410 may guide the movement of the dis-
play unit 100 such that a path along which the display
unit 100 moves has a radius of curvature in a range from
30 mm to 70 mm. Preferably, the curvature guide 410
may guide the movement of the display unit 100 such
that the radius of curvature R of the path along which the
display unit 100 moves is in a range from 45 mm to 55
mm. In addition, the curvature guide 410 may guide the
display unit 100 with the concave curved surface corre-
sponding to the radius R of the rotary drum 310. The
display unit 100 may be curved based on the radius of
curvature guided by the curvature guide 410 or a curva-
ture of the outer circumferential surface of the rotary drum
310 while being retracted into or extended from the cas-
ing.

[0104] (b) in FIG. 7 shows a state in which a partial
area of the display unit 100 is wound around the rotary
drum 310. As shown in FIG. 7, the display unit 100 may
be guided by the display guide 400 and wound around
the rotary drum 310.

[0105] Materials of the plurality of rollers of the straight
guide 420 may include rubber or polyoxymethylene
(POM). In addition, materials of a frame or a bracket ca-
pable of fixing the rollers may include steel electrolytic
cold commercial (SECC) or SUM specified in Korean In-
dustrial Standards (KS).

[0106] The display guide 400 may perform a guide
function in a scheme different from that shown in the
drawing. Thatis, the display guide 400 may apply a guide
composed of rollers rather than an integral guide as
shown in the drawing. In addition, various guide schemes
may be applied, and a person skilled in the art may apply
the various guide schemes.

[0107] FIG. 8 shows the display winder 300 and the
sensor assembly 500 of the display device 1000 and an
exploded view thereof.

[0108] Thedisplay winder 300 is acomponentthat may
wind the display unit 100 based on the movement of the
display unit 100.

[0109] The display winder 300 may include the rotary
drum 310, a rotary drum shaft 320, and/or a rotary drum
stopper 312. The display winder 300 includes the com-
ponents that are involved in winding the display unit 100.
[0110] The rotary drum 310 has a cylindrical shape and
rotates using a central axis of the cylinder as a rotation
axis. The rotary drum shaft 320 of the rotary drum 310
is horizontally oriented inside the casing, and the rotary
drum shaft 320 is connected to the motor 210. In addition,
the rotary drum 310 may wind or unwind the flexible dis-
play unit 100 on the cylindrical outer circumferential sur-
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face thereof.

[0111] The rotary drum 310 may be rotated by the mo-
tor 210. The rotary drum 310 rotates with the power of
the motor 210 to wind or unwind the display unit 100
based on the rotation direction thereof.

[0112] A radius of curvature (or a radius of rotation) of
the outer circumferential surface of the rotary drum 310
is equal to or greater than 45 mm. Preferably, the radius
of curvature (or the radius of rotation) R of the outer cir-
cumferential surface of the rotary drum 310 may be equal
to or greater than 30 mm. A degree of curvature of the
display unit 100 wound around the outer circumferential
surface of the rotary drum 310 varies based on the radius
R of the rotary drum 310. As the radius R of the rotary
drum 310 increases, the display unit 100 is curved less,
and as the radius R decreases, the display unit 100 is
curved more. Therefore, the radius R of the rotary drum
310 may be designed differently depending on an ability
of the display unit 100 to be curved. In addition, the radius
R of the rotary drum 310 is designed considering whether
a length of a circumference of the rotary drum 310 is
sufficient. Therefore, the radius R of the rotary drum 310
may be designed to be sufficiently great such that por-
tions of the display unit 100 do not overlap. The rotary
drum 310 may wind or unwind the entirety of the display
unit 100 within one rotation.

[0113] The rotary drum 310 may further include the
rotary drum stopper 312. The rotary drum stopper 312
protrudes from one side surface of the rotary drum 310.
Accordingly, as the rotary drum 310 rotates, the rotary
drum stopper 312 also rotates around the rotation shaft.
In addition, the display device 1000 includes a fixed stop-
per 330 fixed at one location on a movement path of the
rotary drum stopper 312. Therefore, when the rotary
drum stopper 312 rotates and touches the fixed stopper
330, the rotary drum 310 cannot further rotate in the same
direction. For example, when the display unit 100 is max-
imally exposed, the fixed stopper 330 prevents the rotary
drum 310 from moving in a direction in which the display
unit 100 is further exposed. Therefore, the fixed stopper
330 may prevent the rotary drum 310 from excessively
rotating. A location of the fixed stopper 330 may be fixed
at the inner frame of the casing or the like.

[0114] Materials of the rotary drum 310 include acry-
lonitrile butadiene styrene (ABS). Materials of a bracket
related to the display winder 300 include steel electrolytic
cold commercial (SECC).

[0115] In the rotary drum 310, a radius of rotation of a
cross-section of a central portion may be smaller than a
radius of rotation of a cross-section of each of both left
and right ends. When the radius of rotation of the cross-
section of the central portion is smaller than that of the
cross-section of each of both ends, avolume and a weight
of the rotary drum 310 itself may be reduced, and a size
of an area of the outer circumferential surface ofthe rotary
drum 310 that directly rubs against the screen of the dis-
play unit 100 may be reduced, preventing damage to the
display 110. Inthe rotary drum 310, a portion with a cross-
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section having a small radius of rotation compared to that
of the cross-section of each of both left and right ends
may be a portion having a horizontal length in a range
from 0 % to 90 % of a total horizontal length of the rotary
drum 310. For example, in the case of 50 %, a cross-
section of a portion having a length of 25 % of the total
horizontal length in a leftward direction and a length of
25 % of the total horizontal length in a rightward direction
from a horizontal center may have a radius of rotation
smaller than that of the cross-section of each of both left
and right ends. In the rotary drum 310, the portion having
the relatively smaller radius of rotation may be disposed
in a bilaterally symmetric manner.

[0116] FIG. 9A shows the sensor assembly 500 of the
display device 1000.

[0117] The sensor assembly 500 senses the rotation
state of the rotary drum 310. The sensor assembly 500
may include a plurality of sensors 510 and a sensed por-
tion 520 sensed by the plurality of sensors. The sensed
portion 520 may be connected to one side surface of the
rotary drum 310 and rotate together, and may be sensed
by atleastone of the plurality of sensors 510. The sensors
510 may be fixed in position on the frame located inside
the casing. The side surface of the rotary drum 310 to
which the sensed portion 520 is connected represents a
surface perpendicular to the rotation shaft of the rotary
drum 310.

[0118] Sensing states of the plurality of sensors 510
may be different from each other based on the rotation
state of the rotary drum 310, and the operation of the
motor 210 may be controlled based on the sensing states
of the plurality of sensors 510. In other words, one of the
plurality of sensors 510 recognizes a state different from
a state recognized by the other sensors based on the
rotation state of the rotary drum 310, and the operation
of the motor 210 may be controlled accordingly. There-
fore, the display device 1000 according to an embodi-
ment may control the extension range of the display unit
100 by recognizing the rotation of the display winder 300
via the sensor assembly 500.

[0119] Referring to FIG. 9A, the plurality of sensors
510 are fixed at locations where the rotation of the rotary
drum 310 may be sensed. The plurality of sensors 510
may be fixed inside the casing so as to sense the sensed
portion 520 connected to the rotary drum 310. Therefore,
the sensors 510 do not rotate together with the rotary
drum 310 and are remained at the constant locations.
[0120] The sensed portion 520 is connected to the ro-
tary drum 310 and rotates, and the sensed portion 520
is formed in a shape such that a sensing state of one of
the plurality of sensors 510 and a sensing state of the
other sensors are differentfrom each other. For example,
in a case in which the plurality of sensors 510 are com-
posed of a first sensor 510a, a second sensor 510b, a
third sensor 510c, and a fourth sensor 510d, when the
first sensor 510a recognizes the sensed portion 520 (an
ON state), the second sensor 510b to the fourth sensor
510d do not recognize the sensed portion 520 (an OFF
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state). Conversely, the first sensor 510a may not recog-
nize the sensed portion 520 (the OFF state), and the
second sensor 510b to the fourth sensor 510d may rec-
ognize the sensed portion 520 (the ON state).

[0121] The sensed portion 520 is connected to one
side surface of the rotary drum 310, and the sensed por-
tion 520 includes a hole 522 defined therein that may be
recognized by the sensors 510. The sensors 510 may
include a photosensor.

[0122] When the rotary drum 310 rotates, a location of
the hole 522 also varies together around the rotation
shaft. When the hole 522 passes through a recognition
area 512 of one of the sensors 510, the corresponding
sensorrecognizes the hole 522 to sense the rotation state
of the rotary drum 310. Accordingly, when the rotation
states of the rotary drum 310 respectively correspond to
the plurality of modes, the extension range of the display
unit 100 may be controlled.

[0123] FIG. 9B shows the sensor 510 and the sensed
portion 520.
[0124] (a)inFIG. 9B shows the hole 522 defined in the

sensed portion 520. As the rotary drum 310 rotates, the
sensed portion 520 rotates, and a movement path of the
hole 522 passes through the respective recognition areas
of the plurality of sensors 510.

[0125] (b) in FIG. 9B shows the sensor 510 and the
recognition area 512 of the sensor 510.

[0126] When the hole 522 passes through the recog-
nition area 512 of one of the plurality of sensors 510, the
corresponding sensor may recognize the hole 522, so
that the rotation state of the rotary drum 310 may be
identified. The sensed portion 520 includes one hole 522.
Accordingly, when one of the plurality of sensors recog-
nizes the hole 522, the other sensors do not recognize
the hole 522.

[0127] As another embodiment, the sensed portion
may include a plurality of holes, and the sensor may rec-
ognize the rotation state of the rotary drum by counting
the number of holes that have passed through the rec-
ognition area. For example, when the number of holes
that have passed through the recognition area of the sen-
sor is 3, the sensor assembly may recognize that the
rotary drum is in the third mode.

[0128] FIG. 10A illustrates the modes of the display
device 1000.
[0129] Referring to FIG. 10A, each of the four modes

has a different extension range of the display unit 100.
Although the four modes are shown in the drawing, the
number of modes may be greater or smaller.

[0130] The first mode, as a state in which the display
unit 100 is retracted into the casing, is a state in which
the rotary drum 310 winds the display unit 100 as much
as possible. When the second mode is executed by us-
er's selection, the display driver 200 may operate the
motor 210 to rotate the rotary drum 310 and extend the
display unit 100 out of the casing.

[0131] When the display unit 100 is extended to a de-
gree corresponding to the second mode, the sensor as-
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sembly 500 may recognize that the second mode is ac-
tivated. That is, a sensing state of one specific sensor
representing the second mode among the plurality of
sensors 510 and a sensing state of the other sensors
become different from each other. That is, the hole 522
of the sensed portion 520 may be located in a recognition
area of the specific sensor 510 representing the second
mode. The display device 1000 may recognize the sec-
ond mode and stop the motor 210.

[0132] In the case of the third mode, the display unit
100 is extended more than in the second mode. When
the third mode is executed by the user’s selection, the
display driver 200 operates the motor 210 to further ex-
tend the display unit 100. When the sensor assembly 500
recognizes that the third mode is activated, the motor
210 stops.

[0133] In the same way, the display device 1000 may
differently control the degree of extension of the display
unit 100 based on the various modes. The modes may
be classified into four, with the state in which the display
unit 100 is completely retracted into the casing as the
first mode and the state in which the display unit 100 is
completely extended as the fourth mode. Each mode
may be distinguished based on a type and a function of
information displayed on the display 110. For example,
the third mode may be used on a navigation screen, and
the fourth mode may be used when a video or a game
is executed.

[0134] FIG. 10B shows a movement of the display sup-
port 600 of the display device 1000. (a)in FIG. 10B shows
states of the first support arm 620 and the second support
arm 630 in the first mode. (b) in FIG. 10B shows pivoting
states of the first support arm 620 and the second support
arm 630 in the fourth mode.

[0135] The more the display unit 100 is extended, the
greater the angle between the first support arm 620 and
the second supportarm 630. Referring to (b) in FIG. 10B,
while the display unit 100 is extended, the right first sup-
port arm 620 pivots counterclockwise and the right sec-
ond support arm 630 pivots clockwise.

[0136] FIG. 11A shows internal components of the dis-
play device 1000. The display device 1000 may further
include the rear protective cover 700, the rear cover wind-
er 800, and/or the cover guide 900 to cover the rear sur-
face of the display unit 100.

[0137] (a)in FIG. 11A shows the first mode, and (b) in
FIG. 11A shows the fourth mode. The first mode is the
state in which the display unit 100 is retracted into the
casing, and the fourth mode is the state in which the
display unit 100 is maximally extended.

[0138] FIG. 11B shows components that are involved
in protecting the rear surface of the display unit 100.
[0139] The rear protective cover 700, the rear cover
winder 800, and the cover guide 900 are components
related to a function of protecting or covering the rear
surface of the display unit 100. The rear protective cover
700, the rear cover winder 800, and/or the cover guide
900 may be omitted from the display device 1000 based
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on a need of the user.

[0140] FIG. 11C shows the cover guide 900. FIG. 11D
shows a cover winding drum 810 of the rear cover winder
800 and an exploded view thereof. FIG. 11E shows the
rear protective cover 700 and an exploded view thereof.
FIG. 12 shows a protective cover 720 of the rear protec-
tive cover 700. FIG. 13 shows detachable portions of the
display cover 130 and the protective cover 720.

[0141] The rear protective cover 700 covers the rear
surface of the display unit 100 and the display support
(the first support arm, the second support arm, and the
like) 600 exposed to the outside, thereby protecting the
components and improving aesthetics of the device.
[0142] The rear protective cover 700 is detachable
from the rear surface of the display unit 100 and covers
the rear surface of the display unit 100 extended out of
the casing.

[0143] The rear protective cover 700 may be com-
posed of the protective cover 720, an adhesive sheet
710, and/or a magnet 722.

[0144] The protective cover 720 is a cover that protects
the exposed portion of the rear surface of the display unit
100 or the display support 600. The protective cover 720
may be formed in a shape that is longer in the horizontal
direction than in the vertical direction. A plurality of pro-
tective covers 720 are attached to one surface of the
adhesive sheet 710 by an adhesive means. The adhesive
means includes a double-sided tape such as the FOAM
tape. A width of the protective cover 720 may be equal
to or smaller than a width of the display unit 100. A height
of the protective cover 720 may be designed appropri-
ately by a person skilled in the art so as to flexibly respond
to the curving of the display. The adhesive sheet 710
may be made of aflexible material, and the rear protective
cover 700 may be wound via the rear cover winder 800.
Materials of the adhesive sheet 710 may include poly-
ethylene terephthalate (PET).

[0145] The protective cover 720 may further include
the magnets 722 at both ends in the horizontal direction
thereof. The magnet 722 is used for attachment or de-
tachment to or from the display unit 100. The display
cover 130 of the display unit 100 has the magnets 132
at both left and right ends thereof, so that the magnet
132 of the display cover 130 and the magnet 722 of the
protective cover 720 may be detached from each other.
[0146] The display cover 130 of the display unit 100
and the protective cover 720 have the respective mag-
nets at locations corresponding to each other. The pro-
tective cover 720 is removed from the display cover 130
when the display unit 100 is retracted into the casing,
and is magnetically attached to the display cover 130
when the display unit 100 is extended from the casing.
As shown in FIG. 13, the magnets 722 are disposed at
both left and right ends of the protective cover 720, and
locations thereof correspond to the locations of the mag-
nets 132 disposed on the display cover 130.

[0147] The rear protective cover 700 may be detach-
able from the rear surface of the display unit 100 and
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may cover the exposed rear surface of the display unit
100. Each of the display unit 100 and the rear protective
cover 700 may have the plurality of magnets, and the
magnet of the display unit 100 and the magnet of the rear
protective cover 700 may be located at locations corre-
sponding to each other in the vertical direction. The rear
protective cover 700 may be detached from the display
unit 100 by the magnets.

[0148] A lowermost end of the display unit 100 and a
lowermost end of the rear protective cover 700 are con-
nected to each other in a fixed manner. Therefore, when
the display unit 100 is wound around the display winder
300, the rear protective cover 700 also ascends along
with the display unit 100. The rear protective cover 700
is removed from the display unit 100 inside the casing
and wound around the rear cover winder 800. The low-
ermost end of the rear protective cover 700 may be fixed
to and not be removed from the lowermost end of the
rear surface of the display unit 100.

[0149] Materials of the protective cover 720 may in-
clude polycarbonate (PC) or aluminum.

[0150] The rear cover winder 800 includes the cover
winding drum 810 for winding the rear protective cover
700.

[0151] The cover winding drum 810 may wind the rear
protective cover 700 thereon by rotating around a rotation
shaft 820. The rotation shaft 820 of the cover winding
drum 810 may be oriented in the horizontal direction in-
side the casing, and the cover winding drum 810 may
rotate around the rotation shaft 820 to wind the rear pro-
tective cover 700 thereon. The cover winding drum 810
has a cylindrical shape.

[0152] Referring to FIG. 11A, the cover winding drum
810 is disposed parallel to the rotary drum 310, and the
display unit 100 and the rear protective cover 700 are
detached from each other in a space between the cover
winding drum 810 and the rotary drum 310. In FIG. 11A,
when the rotary drum 310 rotates clockwise, the cover
winding drum 810 rotates counterclockwise. The display
unit 100 moves through the space between the rotary
drum 310 and the cover winding drum 810.

[0153] Referring to FIG. 11D, the cover winding drum
810 may further include a rotation stopper 812 protruding
from one side surface thereof. The rotation stopper 812
rotates along with the rotation of the cover winding drum
810. In addition, the display device may further include
a fixed stopper 830 fixed on a movement path of the
rotation stopper 812 of the cover winding drum 810. The
fixed stopper 830 is fixed on the movement path of the
rotation stopper 812 to prevent excessive rotation of the
cover winding drum 810. Accordingly, the cover winding
drum 810 rotates only until the rotation stopper 812
comes into contact with the fixed stopper 830. The fixed
stopper 830 may be fixed in location at the frame or the
like located inside the casing.

[0154] The cover guide 900 guides the movement of
the rear protective cover 700. Referring to FIG. 11C, the
cover guide 900 may be positioned at a predetermined
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distance D2 from an outer circumferential surface of the
cover winding drum 810. The movement of the rear pro-
tective cover 700 is guided through a space between the
outer circumferential surface of the cover winding drum
810 and the cover guide 900. The distance D2 from the
outer circumferential surface of the cover winding drum
810 to the cover guide 900 is equal to or greater than a
thickness of the rear protective cover 700. The cover
guide 900 may include a plurality of cover guides that
respectively guide a left portion and a right portion of the
rear protective cover 700. The cover guide 900 has a
concave curved surface 910, and a curvature of the
curved surface 910 corresponds to a radius of the cover
winding drum 810+D2. Materials of the cover guide 900
may include acrylonitrile butadiene styrene (ABS).
[0155] The cover guide 900 is illustrated as an inte-
grated guide, but a roller-type guide scheme may be ap-
plied. Thatis, the rear protective cover 700 may be guided
by arod oriented in the horizontal direction and a plurality
of rollers connected to the corresponding rod.

[0156] The rear protective cover 700, the rear cover
winder 800, and/or the cover guide 900 have a structure
that may be removed from the display device 1000, so
that whether to apply the corresponding components
may be determined based on the user’s selection.
[0157] FIG. 14 shows a state in each mode of the dis-
play device 1000.

[0158] The first mode, as the state in which the display
unit 100 is retracted into the casing, is the state in which
the rotary drum 310 winds the display unit 100 as much
as possible. When the second mode is executed by the
user’s selection, the display driver 200 may operate the
motor 210 to rotate the rotary drum 310 and extend the
display unit 100 out of the casing.

[0159] When the display unit 100 is extended to the
degree corresponding to the second mode, the sensor
assembly 500 may recognize that the second mode is
activated. Thatis, the sensing state of one specific sensor
representing the second mode among the plurality of
sensors 510 and the sensing state of the other sensors
become different from each other. That is, the hole 522
of the sensed portion 520 may be located in the recog-
nition area of the specific sensor 510 representing the
second mode. The display device 1000 may recognize
the second mode and stop the motor 210.

[0160] In the case of the third mode, the display unit
100 is extended more than in the second mode. When
the third mode is executed by the user’s selection, the
display driver 200 operates the motor 210 to further ex-
tend the display unit 100. When the sensor assembly 500
recognizes that the third mode is activated, the motor
210 stops.

[0161] In the same way, the display device 1000 may
differently control the degree of extension of the display
unit 100 based on the various modes. The modes may
be classified into the four, with the state in which the
display unit 100 is completely retracted into the casing
as the first mode and the state in which the display unit
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100 is completely extended as the fourth mode. Each
mode may be distinguished based on the type and the
function of information displayed on the display 110. For
example, the third mode may be used on the navigation
screen, and the fourth mode may be used when the video
or the game is executed.

[0162] In one example, a method for controlling a dis-
play device according to embodiments includes receiv-
ing, by the display device, a selected mode signal from
the user, driving the motor in response to the received
signal, identifying, by the sensor assembly 500, an ex-
tension mode of the display unit 100, and/or stopping the
motor.

[0163] The user may select the several modes in rela-
tion to the display device. For example, when the user
selects a navigation mode, the navigation mode may cor-
respond to the third mode. The display device may re-
ceive a corresponding mode signal and drive the motor
in response thereto. In each operation, the reception of
the mode signal, the driving of the motor, and stop control
may be performed by the controller (not shown). As the
display unit 100 moves, the sensor assembly 500 may
determine whether the display unit 100 is at a location
corresponding to the received mode signal. When it is
identified that the display unit 100 is at the location cor-
responding to the received mode signal, the controller of
the display device may receive information on the state
of the display unit 100 from the sensor assembly 500 and
stop driving the motor.

[0164] With the above-described operation (method),
the display device 1000 may increase efficiency of the
display device by efficiently changing the display exten-
sion mode of the display device based on the user’s se-
lection.

[0165] In addition, according to the embodiments of
the presentdisclosure, as the flexible display is retracted
into or extended out of the casing in the scheme of being
wound, a volume of the device required for accommo-
dating the display may be reduced. In addition, the ex-
posure range of the display may be controlled and effec-
tiveness of the display device may be improved by the
sensor recognition method appropriately applied to the
scheme of winding the display. As the exposure range
of the display is controlled, the visual information may be
output only on the exposed area of the screen, and the
power consumption resulted from use of the display may
be reduced.

[0166] The display device according to the embodi-
ments may be applied to various locations such as a cent-
er, a passenger display, a center console display, a rear
seat entertainment display, a rear center display, and a
rear control display of the vehicle.

[0167] Itis understood that the description of the var-
ious embodiments of the present disclosure is not limited
only to the corresponding embodiments, and the techni-
cal idea applied in the various embodiments may also be
applied to other embodiments.

[0168] As described above, the detailed description of
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the preferred embodiments of the present disclosure is
provided such that those skilled in the art may implement
and practice the present disclosure. Although the de-
scription has been made above with reference to the pre-
ferred embodiments of the present disclosure, those
skilled in the art will understand that the present disclo-
sure may be modified and changed in various ways within
a range that does not deviate from the scope of the
present disclosure. For example, those skilled in the art
may use the components described in the above-de-
scribed embodiments in a way of combining them togeth-
er.

[0169] Accordingly, the present disclosure is not in-
tended to be limited to the embodiments described here-
in, but is intended to be accorded the widest scope con-
sistent with the principles and novel features disclosed
herein.

Claims
1. A display device comprising:

a casing with an opening defined in a lower sur-
face thereof;

adisplay unit configured to be retracted into and
extended out of the casing via the opening;

a display driver for moving the display unit; and
adisplay winder for winding the display unit ther-
eon based on the movement of the display unit.

2. The display device of claim 1, wherein the display
unit includes:

a flexible display; and

a display cover adhered to a rear surface of the
display,

wherein the flexible display of the display unit is
selectively wound on and by the display winder.

3. The display device of claim 2, wherein the display
winder includes a cylindrical rotary drum rotatable
around a horizontal rotation shaft,

wherein a radius of rotation R of the rotary drum
is at least 45 mm, and

wherein the flexible display is a plastic organic
light- emitting diode (POLED).

4. The display device of claim 3, further comprising a
display guide for guiding the movement of the display
unit inside the casing,

wherein the display guide includes a curvature
guide having a curved surface spaced a prede-
termined distance apart from an outer circum-
ferential surface of the rotary drum, and

wherein the display unit is wound between the
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curvature guide and the rotary drum,

wherein the display guide includes a straight
guide for guiding a section of the flexible display
where the display moves linearly inside the cas-
ing, and

wherein the straight guide includes a plurality of
rollers.

5. The display device of claim 3 or 4, wherein the dis-
play driver includes a motor connected to the rotation
shaft of the rotary drum,

wherein the motor is configured to rotate the ro-
tation shaft to rotate the rotary drum, and
wherein the flexible display is wound around the
rotary drum by rotation of the rotary drum.

6. The display device of claim 5, wherein the display
driver includes:

a worm gear assembly connected to the motor
and having a rotation shaft parallel to the motor;
and

a worm wheel assembly connected to the worm
gear assembly and having a rotation shaft per-
pendicular to the motor,

wherein the rotation shaft of the worm wheel as-
sembly is also the rotation shaft of the rotary
drum to move the display unit with rotation of
the motor.

7. The display device of claim 5 or 6, wherein a display
supportincludes afirst support arm having a firstend
pivotably connected to an upper pointinside the cas-
ing and a second end connected to a rear surface
of the display unit, and wherein the first support arm
pivots in a plane parallel to a screen of the display
unit,

wherein the display support includes a second
support arm having one end connected to the
second end of the first support arm and another
end connected to a lower end of the display unit,
and wherein the second support arm pivotsin a
same plane as the first support arm, but pivots
in a direction opposite to a pivoting direction of
the first support arm,

wherein the first support arm has a protrusion
protruding from the first end thereof,

wherein a spring is connected to the protrusion,
and

wherein the spring applies a force to pivot the
first support arm in an extension direction of the
display unit.

8. Thedisplay device of any one of claims 3 to 7, further
comprising a sensor assembly for sensing a rotation
state of the rotary drum,
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wherein the sensor assembly includes:

a plurality of sensors; and

a sensed portion capable of being sensed by at
least one of the plurality of sensors,

wherein the sensed portion is connected to a
side surface of the rotary drum, and

wherein one of the plurality of sensors recogniz-
es a different state than a state recognized by
other sensors of the plurality of sensors, the dif-
ferent state sensed based on the rotation state
of the rotary drum.

The display device of claim 8, wherein an extension
range of the display unit is controlled based on the
rotation state of the rotary drum recognized by the
sensor assembly.

The display device of claim 8 or 9, wherein the dis-
play driver controls operation of a motor based on
the rotation state of the rotary drum recognized by
the sensor assembly,

wherein the sensed portion has a hole formed
therein, and

wherein the hole passes through recognition ar-
eas of the plurality of sensors based on the ro-
tation state of the rotary drum.

The display device of any one of claims 3 to 10, fur-
ther comprising a rear protective cover detachable
from a rear surface of the display unit and covering
an exposed portion of the rear surface of the display
unit.

The display device of claim 11, wherein each of the
display unit and the rear protective cover has a plu-
rality of magnets, wherein each magnetofthe display
unit and a respective magnet of the rear protective
cover are located at corresponding locations in a ver-
tical direction,

wherein the rear protective cover is detachable
from the display unit by separating the respec-
tive magnets,

wherein the rear protective cover is removed
from the display unit when the display unit is
retracted into the casing, and

further comprising a cover winding drum capa-
ble of winding the rear protective cover removed
from the display unit thereon.

The display device of any one of claims 1 to 12, fur-
ther comprising:

a rear protective cover for covering a rear sur-
face of the display unit; and
a rear cover winder for winding the rear protec-
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tive cover thereon,
wherein the display unit includes a flexible
POLED display.

14. A display device, comprising:

a flexible plastic organic light- emitting diode
(POLED) display;

a casing; and

a flexible cover;

wherein winding or unwinding of the flexible
POLED display causes the display to be retract-
ed into or extended from the casing,

wherein the flexible cover protects arear surface
of the display when attached to the rear surface
of the display, and

wherein the flexible cover is wound within the
casing.

15. A method for controlling a display device comprising:

a casing with an opening defined in a lower sur-
face thereof;

adisplay unit capable of being retracted into and
extended out of the casing via the opening;

a display driver comprising a motor for moving
the display unit; and

adisplay winder for winding the display unit ther-
eon based on the movement of the display unit,
the method comprising: receiving a mode signal
selected by a user;

driving the motorin response to the mode signal;
determining whether a display unit is located at
alocation corresponding to the mode signal; and
stopping the motor in response to the display
unit location corresponding to the mode signal.
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