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(57) Abstract: A display device is disclosed. The display device includes a housing, a roller installed inside the housing, a first bar
positioned on an upper side of the roller to be opposite to the roller, a link connected to the first bar and the housing and lifting the
first bar, a second bar positioned opposite the first bar and fastened to the first bar, a plate including a first part wound or unwound
from the roller and a second part extended rearward from the first part and fixed between the first bar and the second bar, and a display
panel provided in the first patt of the plate.
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Description

Title of Invention: DISPLLAY DEVICE
Technical Field

The present disclosure relates to a display device.

Background Art

With the development of the information society, various demands for display
devices are increasing. Various display devices, such as liquid crystal displays (LCDs),
plasma display panels (PDPs), electroluminescent displays (ELDs), and vacuum flu-
orescent displays (VFDs), have been recently studied and used in response to the
various demands for the display devices.

A display device using an organic light emitting diode (OLED) is advantageous in
that it has better luminance characteristic and viewing angle characteristic than a liquid
crystal display, and has a ultra-thin profile because it does not require a backlight unit
unlike the liquid crystal display.

A flexible display can be bent or wound around a roller. A display device wound or
unwound from the roller using the flexible display can be implemented, if necessary or
desired. In this instance, it is problem to stably wind or unwind the flexible display

from the roller.
Disclosure of Invention

Technical Problem

An object of the present disclosure is to address the above-described and other
problems.

Another object of the present disclosure is to provide a display device capable of
unwinding a display unit from a roller while maintaining bilateral symmetry (i.e., left-
right symmetry) of the display unit wound on the roller using a lead screw.

Another object of the present disclosure is to provide a display device capable of
winding a display unit on a roller while maintaining bilateral symmetry (i.e., left-right
symmetry) of the display unit using a lead screw.

Another object of the present disclosure is to provide a display device capable of
reducing a load of a motor assembly using a spring when a display unit is unwound
from a roller.

Another object of the present disclosure is to provide a display device capable of
reducing a load of a motor assembly using a pusher when a display unit is unwound
from a roller.

Another object of the present disclosure is to provide a display device capable of

reducing a load of a motor assembly by improving a connection position of a rod and a
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link when the rod receiving power from the motor assembly raises the link connected
to a display unit.

Another object of the present disclosure is to provide a display device having a
structure capable of preventing interference between a rod and a lead screw when the
rod receiving power from a motor assembly raises a link connected to a display unit.

Another object of the present disclosure is to provide a display device capable of
reducing a volume by winding a display unit on a roller.

Another object of the present disclosure is to provide a display device capable of
displaying an image through a front surface of a housing in a state where a display unit
is fully wound on a roller.

Another object of the present disclosure is to provide a display device having a
lamination structure of a first base and a second base.

Another object of the present disclosure is to provide a display device capable of im-
plementing a thin profile by applying a lamination structure of a first base and a second
base.

Another object of the present disclosure is to provide a display device capable of
enhancing rigidity of a second base and preventing the second base from hanging
down due to components mounted on the second base.

Another object of the present disclosure is to provide a display device capable of
preventing a display unit from hanging down by bringing an auxiliary roller into
contact with the display unit.

Another object of the present disclosure is to provide a display device capable of
adjusting a deployment position of a display unit by bringing an auxiliary roller into
contact with the display unit.

Another object of the present disclosure is to provide a display device capable of
sensing a position of a slide using a sensor.

Another object of the present disclosure is to provide a display device capable of
sensing a minimum position of a pusher using a sensor.

Another object of the present disclosure is to provide a display device capable of
supporting a rear surface of a display unit through a link and stably operating the
display unit.

Another object of the present disclosure is to provide a display device capable of
preventing wrinkles occurring on a display unit.

Solution to Problem

In one aspect of the present disclosure, there is provided a display device comprising

a housing, a roller installed inside the housing, a first bar positioned on an upper side

of the roller to be opposite to the roller, a link connected to the first bar and the
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housing and lifting the first bar, a second bar positioned opposite the first bar and
fastened to the first bar, a plate including a first part wound or unwound from the roller
and a second part extended rearward from the first part and fixed between the first bar
and the second bar, and a display panel provided in the first part of the plate.

The display device may further comprise a screw penetrating the first bar and the
second part and fastened to the second bar.

The display device may further comprise a gasket between the first bar and the
second bar.

The first bar may include a horizontal portion positioned opposite the second part,
and a vertical portion extended downward from horizontal portion and supporting the
first part. The vertical portion may be pivotally connected to the link.

The display device may further comprise a link bracket facing the vertical portion.
The vertical portion may include a first coupling portion protruding rearward and a
second coupling portion protruding rearward and spaced from the first coupling
portion. The link may include a hole. The second coupling portion may be inserted into
the hole. The link bracket may be fastened to the first coupling portion and the second
coupling portion.

The display device may further comprise a ring bearing positioned in the hole. The
second coupling portion may be inserted into the ring bearing.

The second bar may include a third part positioned on an upper side of the vertical
portion to be opposite to the vertical portion, and a rear wall extended downward from
a rear end of the third part and covering the second part and the horizontal portion.

The second bar may include a first front wall extended downward from a front end of
the third part and covering the first part.

The second bar may include a second front wall extended downward from the first
front wall. A thickness of the first front wall may be greater than a thickness of the
second front wall. The second front wall may face the display panel.

The link may include a fourth part pivotally connected to the vertical portion and
facing the vertical portion, and a fifth part extended from the fourth part and
supporting the first part.

A thickness of the fifth part may be substantially equal to a sum of a thickness of the
fourth part and a thickness of the vertical portion.

The screw may penetrate the horizontal portion and the second part and may be
fastened to a third part.

The plate may further include a sixth part extended upward from the second part. The
sixth part may be fixed between the first bar and the second bar.

The first bar may include a second horizontal portion opposite the second part, a

second vertical portion extended upward from a rear end of the second horizontal
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portion, and a third vertical portion extended downward from a front end of the second
horizontal portion and supporting the first part. The link may be pivotally connected to
the third vertical portion. The sixth part may be fixed between the third vertical portion

and the second bar.
The screw may penetrate the second vertical portion and the sixth part and may be

fastened to the second bar.

The second bar may include a seventh part forming a curved surface, and an eighth
part extended from a rear end of the seventh part along the first part. The second part
may be extended along the seventh part and the eighth part.

The display panel may be extended along the seventh part and the eighth part.

The second bar may include a ninth part extended forward from a lower end of the
eighth part, and a tenth part extended downward from a front end of the ninth part. The
tenth part may face the first part of the plate. The second part may be extended along
the ninth part and the tenth part. The first bar may be fastened to the tenth part. The
second part may be fixed between the tenth part and the first bar.

The screw may penetrate the second part and the first bar and may be fastened to the
tenth part.

The first bar may include an eleventh part fastened to the tenth part, and a twelfth
part connected to the eleventh part and extended downward along the first part. The

link may be pivotally connected to a front surface or a rear surface of the twelfth part.

Advantageous Effects of Invention

An effect of a display device according to the present disclosure is described as
follows.

According to at least one aspect of the present disclosure, the present disclosure can
unwind a display unit from a roller while maintaining bilateral symmetry (i.e., left-
right symmetry) of the display unit wound on the roller using a lead screw.

According to at least one aspect of the present disclosure, the present disclosure can
wind a display unit on a roller while maintaining bilateral symmetry (i.e., left-right
symmetry) of the display unit using a lead screw.

According to at least one aspect of the present disclosure, the present disclosure can
reduce a load of a motor assembly using a spring when a display unit is unwound from
aroller.

According to at least one aspect of the present disclosure, the present disclosure can
reduce a load of a motor assembly using a pusher when a display unit is unwound from
aroller.

According to at least one aspect of the present disclosure, the present disclosure can

reduce a load of a motor assembly by improving a connection position of a rod and a
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link when the rod receiving power from the motor assembly raises the link connected
to a display unit.

According to at least one aspect of the present disclosure, the present disclosure can
prevent interference between a rod and a lead screw when the rod receiving power
from a motor assembly raises a link connected to a display unit.

According to at least one aspect of the present disclosure, the present disclosure can
reduce a volume of a display device by winding a display unit on a roller.

According to at least one aspect of the present disclosure, the present disclosure can
display an image through a front surface of a housing in a state where a display unit is
fully wound on a roller.

According to at least one aspect of the present disclosure, the present disclosure can
have a lamination structure of a first base and a second base.

According to at least one aspect of the present disclosure, the present disclosure can
implement a thin profile of a display device by applying a lamination structure of a
first base and a second base.

According to at least one aspect of the present disclosure, the present disclosure can
enhance rigidity of a second base and prevent the second base from hanging down due
to components mounted on the second base.

According to at least one aspect of the present disclosure, the present disclosure can
prevent a display unit from hanging down by bringing an auxiliary roller into contact
with the display unit.

According to at least one aspect of the present disclosure, the present disclosure can
adjust a deployment position of a display unit by bringing an auxiliary roller into
contact with the display unit.

According to at least one aspect of the present disclosure, the present disclosure can
sense a position of a slide using a sensor.

According to at least one aspect of the present disclosure, the present disclosure can
sense a minimum position of a pusher using a sensor.

According to at least one aspect of the present disclosure, the present disclosure can
support a rear surface of a display unit through a link and stably operate the display
unit.

According to at least one aspect of the present disclosure, the present disclosure can
prevent wrinkles occurring on a display unit.

Further scope of applicability of the present disclosure will become apparent from
the detailed description given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating preferred embodiments of
the disclosure, are given by illustration only, since various changes and modifications

within the spirit and scope of the disclosure will become apparent to those skilled in
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the art from this detailed description.
Brief Description of Drawings

The accompanying drawings, that may be included to provide a further under-
standing of the disclosure and are incorporated in and constitute a part of this speci-
fication, illustrate embodiments of the disclosure and together with the description
serve to explain various principles of the disclosure.

FIGS. 1 to 17 illustrate configuration of a display unit related to the present
disclosure.

FIGS. 18 to 39 illustrate configuration of a display device related to the present
disclosure.

FIGS. 40 to 47 illustrate configuration of an upper structure connected to a display
unit according to an embodiment of the disclosure.

FIGS. 48 to 59 illustrate a display device according to an embodiment of the
disclosure.

FIGS. 60 to 70 illustrate a display device according to another embodiment of the
disclosure.

Mode for the Invention

Reference will now be made in detail embodiments of the disclosure examples of
which are illustrated in the accompanying drawings. Since the present disclosure may
be modified in various ways and may have various forms, specific embodiments are il-
lustrated in the drawings and are described in detail in the present specification.
However, it should be understood that the present disclosure are not limited to specific
disclosed embodiments, but include all modifications, equivalents and substitutes
included within the spirit and technical scope of the present disclosure.

The terms 'first', 'second’, etc. may be used to describe various components, but the
components are not limited by such terms. The terms are used only for the purpose of
distinguishing one component from other components. For example, a first component
may be designated as a second component without departing from the scope of the
present disclosure. In the same manner, the second component may be designated as
the first component.

The term “and/or” encompasses both combinations of the plurality of related items
disclosed and any item from among the plurality of related items disclosed.

When an arbitrary component is described as “being connected to” or “being linked
to” another component, this should be understood to mean that still another
component(s) may exist between them, although the arbitrary component may be
directly connected to, or linked to, the second component. In contrast, when an

arbitrary component is described as “being directly connected to” or “being directly
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linked to” another component, this should be understood to mean that no component
exists between them.

The terms used in the present application are used to describe only specific em-
bodiments or examples, and are not intended to limit the present disclosure. A singular
expression can include a plural expression as long as it does not have an apparently
different meaning in context.

In the present application, the terms “include” and “have” should be understood to be
intended to designate that illustrated features, numbers, steps, operations, components,
parts or combinations thereof exist and not to preclude the existence of one or more
different features, numbers, steps, operations, components, parts or combinations
thereof, or the possibility of the addition thereof.

Unless otherwise specified, all of the terms which are used herein, including the
technical or scientific terms, have the same meanings as those that are generally un-
derstood by a person having ordinary knowledge in the art to which the present
disclosure pertains. The terms defined in a generally used dictionary must be un-
derstood to have meanings identical to those used in the context of a related art, and
are not to be construed to have ideal or excessively formal meanings unless they are
obviously specified in the present application.

The following exemplary embodiments of the present disclosure are provided to
those skilled in the art in order to describe the present disclosure more completely. Ac-
cordingly, shapes and sizes of elements shown in the drawings may be exaggerated for
clarity.

In the following description, wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts, and duplicated de-
scription thereof will be omitted.

In the following description, if an embodiment is described with reference to a
specific figure, reference numbers not shown in the specific figure may be mentioned,
if necessary or desired. However, the reference numbers not shown in the specific
figure may be mentioned only when the reference numbers are shown in other figures.

In general, a suffix such as “module” and “unit” may be used to refer to elements or
components. Use of such a suffix herein is merely intended to facilitate description of
the specification, and the suffix itself is not intended to give any special meaning or
function.

It will be noted that a detailed description of known arts will be omitted if it is de-
termined that the detailed description of the known arts can obscure embodiments of
the disclosure.

Further, terms such as height, length, and width used in embodiments of the

disclosure may be interchangeable for convenience of explanation. The terms do not
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have their meanings or roles that are distinguished from each other.

Referring to FIG. 1, a display device 100 may include a display unit 20 and a housing
30. The housing 30 may form an inner space. At least a portion of the display unit 20
may be positioned inside the housing 30. At least a portion of the display unit 20 may
be positioned outside the housing 30. The display unit 20 may display a screen.

A direction parallel to a longitudinal direction of the housing 30 may be referred to
as a first direction DR1, a +x-axis direction, a -x-axis direction, a left direction, or a
right direction. A direction in which the display unit 20 displays the screen may be
referred to as a +z-axis direction, a forward direction, or a front direction. An opposite
direction of the direction in which the display unit 20 displays the screen may be
referred to as a -z-axis direction, a rearward direction, or a rear direction. A third
direction DR3 may be parallel to the +z-axis direction or the -z-axis direction. A
direction parallel to a height direction of the display device 100 may be referred to as a
second direction DR2, a +y-axis direction, a -y-axis direction, an upward direction, or
a downward direction.

The third direction DR3 may be a direction perpendicular to the first direction DR1
and/or the second direction DR2.

The first direction DR1 and the second direction DR2 may be commonly referred to
as a horizontal direction, and the third direction DR3 may be referred to as a vertical
direction.

A left-to-right direction LR may be parallel to the first direction DR1, and an up-
down direction UD may be parallel to the second direction DR2.

Referring to FIG. 2, an entire portion of the display unit 20 may be positioned inside
the housing 30. At least a portion of the display unit 20 may be positioned outside the
housing 30. A portion of the display unit 20 exposed to the outside of the housing 30
may be adjusted, if necessary.

Referring to FIG. 3, the display unit 20 may include a display panel 10 and a plate
11.

The display panel 10 may be flexible. For example, the display panel 10 may be an
organic light emitting diode (OLED) display panel. In the following description, em-
bodiments of the disclosure are described using the OLED display panel as an example
of the display panel 10. However, embodiments are not limited thereto. For example, a
liquid crystal display (LCD) panel, a plasma display panel (PDP), and a field emission
display (FED) panel may be used.

The display panel 10 may have a front surface displaying an image. The display
panel 10 may have a rear surface opposite the front surface. The front surface of the
display panel 10 may be covered with a light transmission material. For example, the

light transmission material may include a glass, a resin, or a plastic.
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The plate 11 may be coupled, fastened, or attached to the rear surface of the display
panel 10. The plate 11 may include a metal material.

The plate 11 may be referred to as a module cover, a cover, a display panel cover, or
a panel cover.

Referring to FIGS. 4, 5, 6 and 7, the plate 11 may include a plurality of holes 12. The
plate 11 may include an area (hereinafter referred to as “hole formation area”) where
the holes 12 are formed and areas 11f, 11g and 11h where the hole 12 is not formed.
The areas 11f, 11g and 11h where the hole 12 is not formed may surround the area
where the holes 12 are formed. The areas 11f, 11g and 11h can protect edges of the
display panel 10. The hole 12 may be referred to as an opening.

The first area 11g where the hole 12 is not formed, the hole formation area, and the
second area 11h where the hole 12 is not formed may be sequentially disposed along
the left-to-right direction LR of the plate 11. A width of the first area 11g in the left-
to-right direction LR may be “a2”. A width of the hole formation area in the left-
to-right direction LR may be “al”. A width of the second area 11h in the left-to-right
direction LR may be “a3”.

The third area 11{ where the hole 12 is not formed and the hole formation area may
be sequentially disposed along the up-down direction UD of the plate 11. A height of
the third area 11f in the up-down direction UD may be “b2”. A height of the hole
formation area in the up-down direction UD may be “b1”.

The third area 11{ may be coupled to a structure. For example, the structure may be
an upper bar. The upper bar may be coupled to a link.

The holes 12 may penetrate the plate 11. The holes 12 may be formed by perforating
the plate 11. The holes 12 may be slits 12a and 12b. The slits 12a and 12b may have a
shape extended along the left-to-right direction LR of the plate 11. The holes 12 may
include a relatively long slit 12a and a relatively short slit 12b.

The relatively long slit 12a may have a width d§ and a width d9. The relatively short
slit 12b may have a width d10 and a width d9.

The slits 12a and 12b may be spaced from each other along the left-to-right direction
LR of the plate 11. The adjacent slits 12a and 12b may be positioned at a prede-
termined distance d2.

The slits 12a and 12b may be spaced from each other along the up-down direction
UD of the plate 11. The adjacent slits 12a and 12b may be positioned at a prede-
termined distance d1.

As the distances d1 and d2 between the slits 12a and 12b decrease, the plate 11 may
be easily wound or unwound. As the distances d1 and d2 between the slits 12a and 12b
increase, elasticity of the plate 11 may increase.

The display panel 10 may have a very thin thickness. The display panel 10 may be
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easily wrinkled due to the thin thickness. In addition, the display panel 10 may be
easily damaged by an external impact due to the thin thickness.

The plate 11 is fixed to the display panel 10 and can increase rigidity of the display
panel 10. The plate 11 supports the display panel 10 and can prevent the display panel
10 from being wrinkled.

The plate 11 may include a metal material having high rigidity. The plate 11 may be
formed of a material having a high elastic strength. The plate 11 may be wound or
unwound from a roller 143 by the slits 12a and 12b included in the plate 11. Further,
even if the plate 11 is wound or unwound from the roller 143, the plate 11 may not be
permanently deformed by the slits 12a and 12b included in the plate 11.

An adhesive layer 13 may be formed on the rear surface of the display panel 10. The
adhesive layer 13 can fix the display panel 10 to the plate 11. The display panel 10, the
adhesive layer 13, and the plate 11 may be combined into one body to form the display
unit 20 and may be wound or unwound from the roller 143.

The slits 12a and 12b may be arranged in rows and columns. Odd-numbered rows rl1,
r3, 15,17, 19, r11, r13, r15, r17, r19, 121, r23 and r25 may be formed by the relatively
long slits 12a. The relatively long slits 12a of the odd-numbered rows r1, 13, 15, 17, 19,
r1l, r13,r15,r17,r19, 121, 123 and 25 may form columns t1, 2, t3, t4, t5, t6, t7 and
t8.

Even-numbered rows 12, 14, 16, 18, r10, r12, r14, r16, r18, 120, r22 and 124 may be
formed by the relatively short slits 12b and the relatively long slits 12a. The slits 12a
and 12b of the even-numbered rows 12, r4, 16, 18, r10, r12, r14, r16, r18, r20, r22 and
r24 may form columns s1, s2, s3, s4, s5, s6, s7, s§ and s9.

The relatively short slits 12b and the relatively long slits 12a may be alternatively
disposed along the up-down direction UD. The relatively short slits 12b may be
disposed on both sides of each of the even-numbered rows 12, 14, 16, 18, r10, r12, r14,
rl6, r18, 120, r22 and r24 in the left-to-right direction LR.

A straight line 11 connecting a center C221 of a first slit 12b221 of the 22th row 122
and a center C222 of a second slit 12a222 of the 22th row r22 may pass through
centers of remaining slits of the 22th row r22.

A straight line 12 connecting a center C231 of a first slit 12b231 of the 23th row r23
and a center C232 of a second slit 12a232 of the 23th row 123 may pass through
centers of remaining slits of the 23th row r23.

A straight line 13 connecting a center C241 of a first slit 12b241 of the 24th row r24
and a center C242 of a second slit 12a242 of the 24th row r24 may pass through
centers of remaining slits of the 24th row r24.

A straight line 14 connecting a center C251 of a first slit 12b251 of the 25th row r25
and a center C252 of a second slit 12a252 of the 25th row 125 may pass through
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centers of remaining slits of the 25th row r25.

A straight line 15 connecting a center C221 of an 11th slit 12b221 of the first column
s1 of the even-numbered rows 12, r4, 16, 18, r10, r12, r14, r16, r18, 120, 122 and r24
and a center C241 of a 12th slit 12b241 of the first column s1 may pass through centers
of remaining slits of the first column s1.

A straight line 16 connecting a center C231 of a 12th slit 12a231 of the first column
t1 of the odd-numbered rows rl, r3, r5, 7, 19, r11, r13, r15, r17, r19, r21, r23 and r25
and a center C251 of a 13th slit 12a251 of the first column t1 may pass through centers
of remaining slits of the first column t1.

A straight line 17 connecting a center C222 of an 11th slit 12a222 of the second
column s2 of the even-numbered rows 12, r4, r6, 18, r10, r12, r14, r16, r18, r20, r22 and
r24 and a center C242 of a 12th slit 12a242 of the second column s2 may pass through
centers of remaining slits of the second column s2.

A straight line 18 connecting a center C232 of a 12th slit 12a232 of the second
column (2 of the odd-numbered rows rl, r3, r5, 17, 19, r11, r13, r15, r17, r19, r21, 123
and r25 and a center C252 of a 13th slit 12a252 of the second column t2 may pass
through centers of remaining slits of the second column (2.

A center distance d11 between adjacent slits 12a232 and 12a233 on the same row 123
may be greater than a width d8 of a slit 12a243 of the row r24 adjacent to the same row
r23.

Center distances d13 between slits 12a237, 12a246 and 12a247 of the adjacent rows
r23 and r24 and a center distance d11 between the slits 12a246 and 12a247 of the same
row r24 may form an isosceles triangle. The center distance d11 between the slits
12a246 and 12a247 of the same row 124 may be a base of the isosceles triangle. A
distance d12 between the adjacent rows 123 and r24 may be a height of the isosceles
triangle.

Referring to FIG. 8§, the plate 11 may be coupled to the rear surface of the display
panel 10. A first resin layer 14 may be coupled to a rear surface of the plate 11.

The first resin layer 14 may cover the plate 11. The first resin layer 14 may cause the
plate 11 not to be exposed to the outside.

Referring to FIGS. 9 and 10, the first resin layer 14 and the plate 11 may be coupled
to each other through a lamination process. The plate 11 may be placed on the first
resin layer 14. The plate 11 and the first resin layer 14 may be heated by a heating
device 14a. A portion of the first resin layer 14 may be melted. The melted portion of
the first resin layer 14 may be attached to the plate 11. The melted portion of the first
resin layer 14 may be filled in the holes 12 of the plate 11. The plate 11 may be ac-
commodated in the first resin layer 14.

When the heated plate 11 and the heated first resin layer 14 are cooled, the plate 11
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and the first resin layer 14 may be combined into one body. A front surface of a com-
bination of the plate 11 and the first resin layer 14 may be flat.

Referring to FIGS. 11 and 12, the adhesive layer 13 may be formed on the rear
surface of the display panel 10. The adhesive layer 13 can fix the display panel 10 to
the plate 11. Because the front surface of the combination of the plate 11 and the first
resin layer 14 is flat, the adhesive layer 13 can fix the display panel 10 to the first resin
layer 14.

The first resin layer 14 may be formed of a material with high flexibility. For
example, the first resin layer 14 may be formed of urethane or rubber.

The display panel 10, the adhesive layer 13, the plate 11, and the first resin layer 14
can be combined into one body to form the display unit 20 and can be wound or
unwound from the roller 143.

Referring to FIG. 13, a second resin layer 16 may be coupled to the rear surface of
the display panel 10. The plate 11 may be coupled to a rear surface of the second resin
layer 16. The first resin layer 14 may be coupled to the rear surface of the plat 11.

The first resin layer 14 may cover the plate 11. The first resin layer 14 may cause the
plate 11 not to be exposed to the outside.

Referring to FIGS. 14 and 15, the plate 11 may be positioned between the first resin
layer 14 and the second resin layer 16. The first resin layer 14, the second resin layer
16, and the plate 11 may be coupled through a lamination process. The first resin layer
14 and the second resin layer 16 may be coupled to each other to form one resin layer
17. A material of the first resin layer 14 and a material of the second resin layer 16
may be the same. A portion of the first resin layer 14 may be melted and filled in the
holes 12 of the plate 11. A portion of the second resin layer 16 may be melted and
filled in the holes 12 of the plate 11. A portion of the resin layer 17 may be melted and
filled in the holes 12 of the plate 11. The plate 11 may be positioned inside the resin
layer 17.

The plate 11, the first resin layer 14, and the second resin layer 16 may be combined
into one body. The plate 11 and the resin layer 17 may be combined into one body. A
front surface of the second resin layer 16 may be flat. A front surface of the resin layer
17 may be flat.

The adhesive layer 13 may be formed on the rear surface of the display panel 10. The
adhesive layer 13 can fix the display panel 10 to the second resin layer 16. The
adhesive layer 13 can fix the display panel 10 to the resin layer 17.

The second resin layer 16 may be formed of a material with high flexibility. For
example, the second resin layer 16 may be formed of urethane or rubber.

The resin layer 17 may be formed of a material with high flexibility. For example,

the resin layer 17 may be formed of urethane or rubber.
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The display panel 10, the adhesive layer 13, the second resin layer 16, the plate 11,
and the first resin layer 14 can be combined into one body to form the display unit 20
and can be wound or unwound from the roller 143. The display panel 10, the adhesive
layer 13, the resin layer 17, and the plate 11 can be combined into one body to form the
display unit 20 and can be wound or unwound from the roller 143.

As a distance d31 between the holes 12 increases, a combined area of the first resin
layer 14 and the second resin layer 16 may increase. As the combined area of the first
resin layer 14 and the second resin layer 16 increases, the first resin layer 14 and the
second resin layer 16 can be strongly coupled.

Referring to FIG. 16, a lower end of the display panel 10 may be connected to the
roller 143. The display panel 10 may be wound or unwound from the roller 143.

The front surface of the display panel 10 may be coupled to a plurality of source
printed circuit boards (PCBs) 120. The plurality of source PCBs 120 may be spaced
from each other.

A source chip-on film (COF) 123 may connect the display panel 10 to the source
PCBs 120. The source COF 123 may be positioned on the front surface of the display
panel 10.

The roller 143 may include a first part 331 and a second part 337. The first part 331
and the second part 337 may be fastened by a screw. A timing controller board 105
may be mounted inside the roller 143.

The source PCBs 120 may be electrically connected to the timing controller board
105. The timing controller board 105 can transmit digital video data and timing control
signals to the source PCBs 120.

Cables 117 can electrically connect the source PCBs 120 to the timing controller
board 105. For example, the cable 117 may be a flexible flat cable (FFC). The cable
117 may pass through a hole 331a. The hole 331a may be formed in a seating portion
379 or the first part 331. The cable 117 may be positioned between the display panel
10 and the second part 337.

The seating portion 379 may be formed on an outer periphery of the first part 331.
The seating portion 379 may be formed by stepping a portion of the outer periphery of
the first part 331. The seating portion 379 may form a space B. When the display unit
20 is wound on the roller 143, the source PCBs 120 can be accommodated in the
seating portion 379. Because the source PCBs 120 are accommodated in the seating
portion 379 as described above, the source PCBs 120 are not bent, and durability of the
source PCBs 120 can be improved.

The cables 117 can electrically connect the timing controller board 105 to the source
PCBs 120.

Referring to FIG. 17, the roller 143 on which the display unit 20 is wound may be
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mounted on a first base 31. The first base 31 may be a base of the housing 30. The
roller 143 may be extended along the longitudinal direction of the housing 30. The first
base 31 may be connected to a side 30a of the housing 30.

Referring to FIGS. 18 and 19, a beam 31a may be formed on the first base 31. The
beam 31a can improve bending stiffness or torsional stiffness of the first base 31. A
large number of components may be mounted on the first base 31, and the first base 31
may receive a large load. However, because the stiffness of the first base 31 is
improved as described above, the first base 31 can be prevented from hanging down
due to the load. The beam 31a may be formed through a press process.

A second base 32 may be spaced from an upper side of the first base 31. A space S1
may be formed between the first base 31 and the second base 32. The roller 143 on
which the display unit 20 is wound may be accommodated in the space S1. The roller
143 may be positioned between the first base 31 and the second base 32.

The second base 32 may be connected to the side 30a of the housing 30. A bracket 33
may be fastened to an upper surface of the first base 31. The bracket 33 may be
fastened to the side 30a of the housing 30.

A beam 32a may be formed on the second base 32. The beam 32a can improve
bending stiffness or torsional stiffness of the second base 32. The beam 32a may be
formed through a press process.

A third part 32d may be connected to a first part 32b and a second part 32c. A fourth
part 32e may be connected to the first part 32b and the second part 32c. A space S2
may be formed between the third part 32d and the fourth part 32e. Hence, bending
stiffness or torsional stiffness of the second base 32 can be improved. The third part
32d may be referred to as a reinforcing rib or a rib. The fourth part 32e may be referred
to as a reinforcing rib or a rib.

A large number of components may be mounted on the second base 32, and the
second base 32 may receive a large load. However, because the stiffness of the second
base 32 is improved as described above, the second base 32 can be prevented from
hanging down due to the load.

A first reinforcing plate 34 may be positioned between the first base 31 and the
second base 32. The first reinforcing plate 34 and the second base 32 may be fastened
to each other by a screw. The first reinforcing plate 34 can support the second base 32.
The first reinforcing plate 34 can prevent the second base 32 from hanging down. The
first reinforcing plate 34 may be positioned in a central portion of the first base 31 or a
central portion of the second base 32. The first reinforcing plate 34 may include a
curved portion 34a. The curved portion 34a may be formed along the roller 143. The
curved portion 34a may not contact the roller 143 or the display unit 20 wound on the

roller 143. The curved portion 34a may be spaced from the roller 143 by a prede-
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termined distance so that it does not interfere with the rotation of the roller 143.

A second reinforcing plate 35 may be fastened to the first base 31 and the first re-
inforcing plate 34. The second reinforcing plate 35 can support the first reinforcing
plate 34. The second reinforcing plate 35 may be positioned in the rear of the first re-
inforcing plate 34. The second reinforcing plate 35 may be positioned in the rear of the
first base 31. The second reinforcing plate 35 may be positioned perpendicular to the
first base 31. The second reinforcing plate 35 may be fastened to the beam 31a of the
first base 31. The second base 32 may face the front surface or the rear surface of the
housing 30.

Referring to FIG. 20, a second base 32f may not form a space. When a load applied
to the second base 32f is not large, the second base 32f can have sufficient stiffness
due to a beam 32g included in the second base 32f. A first base 31' may include a beam
3la'.

Referring to FIGS. 21 and 22, a motor assembly 810 may be mounted on the second
base 32. A driving shaft of the motor assembly 8§10 may be formed on both sides. A
right driving shaft and a left driving shaft of the motor assembly 8§10 may rotate in the
same direction. Alternatively, the right driving shaft and the left driving shaft of the
motor assembly 810 may rotate in opposite directions.

The motor assembly 810 may include a plurality of motors. The plurality of motors
may be connected to one another in series. The motor assembly 810 can output high
torque because the plurality of motors is connected to one another in series.

A lead screw 840 may be positioned on each of the left and right sides of the motor
assembly 810. The motor assembly 810 may be connected to the lead screw 840. A
coupling 811 may connect the lead screw 840 to the driving shaft of the motor
assembly 810.

The lead screw 840 may be threaded along its longitudinal direction. A direction of
screw threads provided on the right lead screw 840 and a direction of screw threads
provided on the left lead screw 840 may be opposite to each other. Alternatively, the
direction of the screw threads of the right lead screw 840 and the direction of the screw
threads of the left lead screw 840 may be the same. A pitch of the left lead screw 840
and a pitch of the right lead screw 840 may be the same.

Bearings 830a and 830b may be mounted on the second base 32. The bearings 830a
and 830b can support both sides of the lead screw 840. The bearings 830a and 830b
may include an inner bearing 830b positioned close to the motor assembly 810 and an
outer bearing 830a positioned away from the motor assembly 810. The lead screw 840
can stably rotate due to the bearings 830a and 830b.

A slide 820 may be engaged with the lead screw 840. The slide 820 can move

forward and backward along the longitudinal direction of the lead screw 840 in ac-
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cordance with the rotation of the lead screw 840. The slide 820 can move between the
outer bearing 830a and the inner bearing 830b. The slides 820 may be positioned on
the left lead screw 840 and the right lead screw 840, respectively. The left slide 8§20
may be engaged with the left lead screw 840, and the right slide 820 may be engaged
with the right lead screw 840.

The left slide 820 and the right slide 820 may be positioned symmetrically with
respect to the motor assembly 810. Due to the drive of the motor assembly 810, the left
slide 820 and the right slide 820 can move away from or closer to each other by the
same distance.

Referring to FIG. 23, the motor assembly 810 may include a plate 813. The plate 813
may be referred to as a mount plate or a motor mount plate. A coupling portion 32h
may be formed on an upper surface of the second base 32. The plate 813 may be
fastened to the coupling portion 32h through a screw S. The motor assembly 8§10 may
be spaced apart from the upper surface of the second base 32. A washer 8§13 may be
positioned between an upper surface of the plate 813 and the screw S. The washer §13
may include a rubber material. The washer 813 can reduce a vibration generated in the
motor assembly 810. The washer 813 can improve the driving stability of the display
device 100.

Referring to FIG. 24, a guide rail 860 may be mounted on the second base 32. The
guide rail 860 may be positioned in parallel with the lead screw 840. The slide 8§20
may be engaged with the guide rail 860. A first stopper 861b may be positioned at one
side of the guide rail 860, and a second stopper 861a may be positioned at the other
side of the guide rail 860. A range in which the slide 820 can move can be limited
between the first stopper 861b and the second stopper 861a.

A spring 850 may wrap the lead screw 840. The lead screw 840 may penetrate the
spring 850. The spring 850 may be positioned between the inner bearing 830b and the
slide 820. One side of the spring 850 may contact the inner bearing 830b, and the other
side of the spring 850 may contact the slide 820. The spring 850 can provide an elastic
force for the slide 820.

When the slide 820 is caught on the first stopper 861b, the spring 850 may be
compressed to the maximum. When the slide 820 is caught on the first stopper 861b, a
length of the spring 850 may be a minimum value. When the slide 820 is caught on the
first stopper 861b, a distance between the slide 820 and the inner bearing 830b may be
a minimum value.

Referring to FIG. 25, when the slide 820 is caught on the second stopper 861a, the
spring 850 may be extended to the maximum. When the slide 820 is caught on the
second stopper 861a, a length of the spring 850 may be a maximum value. When the

slide 820 is caught on the second stopper 861a, a distance between the slide 820 and
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the inner bearing 830b may be a maximum value.

Referring to FIG. 26, a first part 8§20a of the slide 820 may be engaged with the guide
rail 860. The first part 820a may move along the guide rail 860. The first part §20a
may be constrained in a longitudinal direction of the guide rail 860. A second part
820b of the slide 820 may be positioned on an upper side of the first part §20a. The
first part 820a and the second part 820b of the slide 820 may be fastened to each other
through a screw. The second part §20b may be spaced from the guide rail 860. The
lead screw 840 may penetrate the second part 820b. The second part 820b may include
screw threads corresponding to the screw threads of the lead screw 840. Hence, even if
the lead screw 840 rotates, the slide 820 can stably move forward and backward along
the guide rail 860 without rotating.

A third part 820c of the slide 820 may be coupled to one side of the second part
820b. The third part §20c may be in contact with the spring 850. The spring 850 can
provide an elastic force for the third part 820c.

Referring to FIGS. 27 and 28, a link mount 920 may be mounted on the second base
32. One side of a second arm 912 may be pivotally connected to the link mount 920.
The other side of the second arm 912 may be pivotally connected to a joint 913. The
other side of the second arm 912 may be pivotally connected to a second shaft 913b of
the joint 913. One side of a rod 870 may be pivotally connected to the slide §20. The
other side of the rod 8§70 may be pivotally connected to the second arm 912 or a third
arm 915. One side of the third arm 915 may be pivotally connected to the link mount
920. The other side of the third arm 915 may be pivotally connected to the other side of
the rod 870. The link mount 920 may include a shaft 921. The second arm 912 or the
third arm 915 may be pivotally connected to the shaft 921 of the link mount 920.

A link bracket 951 may be referred to as a link cap. The link bracket 951 may be
coupled to a top case 950. The top case 950 may be referred to as a case top, an upper
bar, a top, or a bar. The top case 950 may be positioned at the top of the display unit
20. The display unit 20 may be fixed to the top case 950.

One side of a first arm 911 may be pivotally connected to the joint 913. One side of
the first arm 911 may be pivotally connected to a first shaft 913a. The other side of the
first arm 911 may be pivotally connected to the link bracket 951 or the top case 950.

A gear gl may be formed on one side of the first arm 911, and a gear g2 may be
formed on the other side of the second arm 912. The gear gl of the first arm 911 and
the gear g2 of the second arm 912 may be engaged with each other.

When the slide 820 moves close to the outer bearing 830a, the second arm 912 or the
third arm 915 may rise. In this instance, a direction in which the second arm 912 or the
third arm 915 rises may be referred to as a rising direction DRS.

The second arm 912 may include a protrusion 914 protruding in the rising direction
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DRS. The protrusion 914 may be referred to as a connector. The third arm 915 may
include a protrusion 916 protruding in the rising direction DRS. The protrusion 916
may be referred to as a connector. The protrusion 914 of the second arm 912 and the
protrusion 916 of the third arm 915 may face or contact each other. The other side of
the rod 870 may be fastened to the protrusion 914 of the second arm 912 or the
protrusion 916 of the third arm 915.

A link 910 may include the first arm 911, the second arm 912, the third arm 915, or
the joint 913.

Referring to FIGS. 29 and 30, an angle formed by the second arm 912 or the third
arm 915 and the second base 32 may be referred to as 0S. When the rod 870 is
connected to an upper side of the second part 8§20b, an angle formed by the rod 870
and the second base 32 may be referred to as OA, and a minimum force of the rod 8§70
for raising the second arm 912 or the third arm 915 may be referred to as Fa. When the
rod 870 is connected to a middle side of the second part 820b, an angle formed by the
rod 870 and the second base 32 may be referred to as 0B, and a minimum force of the
rod 870 for raising the second arm 912 or the third arm 915 may be referred to as Fb.
When the rod 870 is connected to a lower side of the second part 820b, an angle
formed by the rod 870 and the second base 32 may be referred to as 0C, and a
minimum force of the rod 870 for raising the second arm 912 or the third arm 915 may
be referred to as Fc.

For the same 0S, a relationship of 0A < 0B < 0C can be established. Further, for the
same 0S, a relationship of Fc < Fb < Fa can be established. When the angles 0S formed
by the second arm 912 or the third arm 915 and the second base 32 are the same, a
force required to raise the second arm 912 or the third arm 915 can decrease as the
angle formed by the rod 870 and the second base 32 increases. When the rod 870 is
connected to the lower side of the second part 820b, a load applied to the motor
assembly 810 can decrease.

Referring to FIG. 31, a rod §70" may not be connected to a protrusion of a second
arm 912" or a protrusion of a third arm 915'. When an angle formed by the second arm
912" or the third arm 915" and the second base 32 is 0S, an angle formed by the rod
870" and the second base 32 may be referred to as 01, and a minimum force of the rod
870’ for raising the second arm 912’ or the third arm 915" may be referred to as F1.

Referring to FIG. 32, the rod 870 may be connected to the protrusion 914 of the
second arm 912 or the protrusion 916 of the third arm 915. When an angle formed by
the second arm 912 or the third arm 915 and the second base 32 is 0S, an angle formed
by the rod 870 and the second base 32 may be referred to as 02, and a minimum force
of the rod 870 for raising the second arm 912 or the third arm 915 may be referred to
as F2.
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Referring to FIG. 33, when the angles 0S are the same, the angle 02 may be greater
than the angle 01. When the angles 0S are the same, the force F1 may be greater than
the force F2. When the angles 0S formed by the second arms 912 and 912" and the
second base 32 are the same, a force required to raise the second arms 912 and 912' can
decrease as the angles formed by the rods 870 and 870" and the second base 32
increase. Because the rod 870 is connected to the protrusions 914 and 916, the rod 8§70
can raise the second arm 912 using the force smaller than the force required when the
rod 870" is not connected to the protrusion. Further, because the rod 8§70 is connected
to the protrusions 914 and 916, the rod 870 can reduce a load applied to the motor
assembly 810.

Referring to FIG. 34, the second arm 912 or the third arm 915 may have a central
axis CR. When the rod 870 is fastened to the second arm 912 with being spaced from
the center axis CR by a distance r, an angle formed by the rod 8§70 and the second base
32 may be referred to as 02, and a minimum force of the rod 8§70 for raising the second
arm 912 or the third arm 915 may be referred to as F3. When the rod 870 is fastened to
the second arm 912 with being spaced from the center axis CR by a distance r', an
angle formed by the rod 870 and the second base 32 may be referred to as 02', and a
minimum force of the rod 870 for raising the second arm 912 or the third arm 915 may
be referred to as F4. When the rod 870 is fastened to the second arm 912 with being
spaced from the center axis CR by a distance r”, an angle formed by the rod 870 and
the second base 32 may be referred to as 027, and a minimum force of the rod 870 for
raising the second arm 912 or the third arm 915 may be referred to as F5.

Referring to FIG. 35, when the angles O0S are the same, the angel 02” may be greater
than the angel 02', and the angel 02' may be greater than the angel 02. Further, when
the angles 0S are the same, the force F3 may be greater than the force F4, and the force
F4 may be greater than the force F5.

As a distance between the rod 870 and the center axis CR increases when the road
870 is fastened to the second arm 912, a force required to raise the second arm 912 can
decrease. Further, when the distance between the rod 870 and the center axis CR
increases, a load applied to the motor assembly 810 can decrease.

Referring to FIG. 36, the first arm 911 and the second arm 912 may be in contact
with or close to the rear surface of the display unit 20. When the first arm 911 and the
second arm 912 are in contact with or close to the rear surface of the display unit 20 as
described above, the display unit 20 can be stably wound or unwound from the roller.
The link mount 920 may include a first part 922 and a second part 923. The first part
922 and the second part 923 may face each other. A space S4 may be formed between
the first part 922 and the second part 923. The first part 922 may face the display unit
20. The display unit 20 may be positioned closer to the first part 922 than the second
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part 923. The second arm 912 may be pivotally connected to a front surface of the first
part 922. A portion of the third arm 915 may be accommodated in the space S4 and
may be pivotally connected to the first part 922 or the second part 923.

Referring to FIG. 37, the rod 870 may include a first part 871 and a second part 872.
The first part 871 may include a connector 871a on one side. The second part §20b of
the slide 820 may form a space S5 therein. The connector 871a may be accommodated
in the space S5. The connector §71a may be pivotally connected to the second part
820b of the slide 820. The other side of the first part 871 may be connected to one side
of the second part 8§72. The other side of the second part 872 may be pivotally
connected to the second arm 912 or the third arm 915. The first part 871 may form a
space S3 therein. The first part 871 may include a hole 871b. The lead screw 840 may
be accommodated in the hole 8§71b or the space S3.

A distance between the second part 872 and the display unit 20 may be D1. The
second arm 912 may have a thickness W1. A portion of the third arm 915 ac-
commodated in the space S4 may have a thickness W3. The thickness W3 may be
equal to a distance between the first part 922 and the second part 923. A portion of the
third arm 915 that is not accommodated in the space S4 may have a thickness W2. The
first part 922 may have a thickness W4. The thickness W2 may be greater than the
thickness W3. The thickness W2 may be equal to a sum of the thickness W3 and the
thickness W4. The distance D1 may equal a sum of the thickness W1 and the thickness
W2.

The second arm 912 may be in contact with or close to the rear surface of the display
unit 20, and the third arm 915 may be positioned between the second arm 912 and the
second part 872 of the rod 870. The second part 872 can stably transfer power for
raising the second arm 912 due to the third arm 915. The second part 872 may be po-
sitioned to move forward by a predetermined distance from a symmetrical axis SA of
the first part 871, in order to stably raise the second arm 912 or the third arm 915.
Hence, a clearance between the second arm 912 and the second part 872 can be
minimized.

Referring to FIG. 38, a pusher 930 may be mounted on the link mount 920. The
pusher 930 may be referred to as a lifter. A first part 931 and a second part 932 may be
fastened to each other. The second part 932 may contact the link bracket 951 or may be
separated from the link bracket 951. The second part 932 may include a material
having high elasticity. The first part 931 may include a material having elasticity less
than the elasticity of the second part 932. The first part 931 may include a material
having higher rigidity than the second part 932. The first part 931 and the second part
932 may be collectively referred to as a head 936. The head 936 may be positioned on
an upper side of the link mount 920.
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A third part 933 may be connected to the first part 931. Alternatively, the third part
933 may extend downward from the first part 931. The third part 933 may be referred
to as a tail. A fourth part 934 may protrude from the third part 933. The link mount 920
may form a space S6, and the third part 933 may be accommodated in the space S6.
The space S6 may be opened upward. The space S6 accommodating the third part 933
may be adjacent to the space S4 accommodating the third arm 915. The second part
932 of the link mount 920 may include a hole 924. The hole 924 may be a hole
extended in a vertical direction. A length of the hole 924 may be denoted by H1. The
fourth part 934 may be positioned in the hole 924. A spring 935 may be ac-
commodated in the space S6. The spring 935 may be positioned below the third part
933. The spring 935 can provide an elastic force to the third part 933 in the vertical
direction.

The space S6 may be referred to as a hole 925. The head 936 may be larger than the
hole 925. When the head 936 is caught in the hole 925, a height of the head 936
measured from the second base 32 may be a minimum value. The minimum height of
the head 936 may be denoted by H2. When the head 936 has the minimum height, the
fourth part 934 may be caught at a lower end of the hole 925. When the head 936 has
the minimum height, the spring 935 may be compressed to the maximum. When the
head 936 has the minimum height, an elastic force provided by the spring 935 may be
a maximum value. When the head 936 has the minimum height, the top case 950 may
have a minimum height.

While the pusher 930 is in contact with the link bracket 951, it can provide an elastic
force to the link bracket 951. As a result, a load applied to the motor assembly 810 due
to the raising of the link 910 can be reduced.

Referring to FIG. 39, when the link 910 fully rises, the pusher 930 may be separated
from the link bracket 951. When the pusher 930 is separated from the link bracket 951,
a height of the head 936 measured from the second base 32 may be a maximum value.
The maximum height of the head 936 may be denoted by H3. When the head 936 has
the maximum height, the fourth part 934 may be caught at an upper end of the hole
924. When the head 936 has the maximum height, the spring 935 may be extended to
the maximum. When the head 936 has the maximum height, the elastic force provided
by the spring 935 may be a minimum value. The maximum height H3 of the head 936
may be substantially equal to a sum of the minimum height H2 of the head 936 and the
length H1 of the hole 924.

Referring to FIG. 40, the display unit 20 may be deployed. The first arm 911, the
second arm 912, or the joint 913 may provide a force F6 to the display unit 20 in an
upward direction. The display unit 20 between the first arms 911 may receive a

repulsive force F7 in a downward direction. Wrinkles W may occur on the display unit
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20 due to an imbalance between the forces F6 and F7. The wrinkles W of the display
unit 20 may be concentrated on an upper part of the display unit 20.

Referring to FIG. 41, the upper part of the display unit 20 may be bent rearward. The
upper part of the display unit 20 may be the plate 11 that is not coupled to the display
panel 10. An upper part of the plate 11 that is bent rearward may be referred to as a
bending portion 11a or a first part 11a. A portion connected to the bending portion 11a
may be referred to as a second part 11i. The top case 950 may be positioned on an
upper side of the bending portion 11a. A gasket 954 may be positioned between the top
case 950 and the bending portion 11a. A lower bar 953 may be positioned below the
bending portion 11a. The lower bar 953 may be referred to as a bar. The lower bar 953
may include a horizontal portion 953a and a vertical portion 953b. The gasket 954 may
include holes 954a. The bending portion 11a may include holes 11b. The horizontal
portion 953a may include holes 953e. The holes 954a of the gasket 954, the holes 11b
of the bending portion 11a, and the holes 953¢ of the horizontal portion 953a may face
each other. The screw S may pass through the holes 953¢ of the horizontal portion
953a, the holes 11b of the bending portion 11a, and the holes 954a of the gasket 954
and may be fastened to the top case 950. The vertical portion 953b may be positioned
perpendicular to the horizontal portion 953a. The vertical portion 953b can support the
plate 11. The vertical portion 953b may face the link bracket 951. The vertical portion
953b may include a first coupling portion 953c¢ and a second coupling portion 953d
that protrude rearward. The second coupling portion 953d may be inserted into a
bearing 955. The bearing 955 may be referred to as a ring bearing. The bearing 955
may be inserted into a hole 911a of the first arm 911. The link bracket 951 may include
a first hole 951a and a second hole 951b. The screw S may pass through the first hole
951a and may be fastened to the first coupling portion 953c. The screw S may pass
through the second hole 951b and may be fastened to the second coupling portion
953d. The link bracket 951 may be fixed to the lower bar 953 by the first hole 951a,
the first coupling portion 953c, and the screw S. The first arm 911 may be pivotally
connected to the lower bar 953 by the second coupling portion 953d, the bearing 955,
the second hole 951b, and the screw S. With this structure, the wrinkles W of the
display unit 20 can decrease.

Referring to FIG. 42, a rear wall 950d may be extended to a lower side of a first part
950a. The rear wall 950d may be referred to as a second part. The rear wall 950d may
cover the bending portion 11a, the gasket 954, or the horizontal portion 953a. A first
front wall 950b may be extended to the lower side of the first part 950a. The first front
wall 950b may be referred to as a third part. The first front wall 950b may cover the
upper part or the second part 111 of the plate 11. A second front wall 950c may be
extended to the lower side of the first front wall 950b. The second front wall 950c may
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be referred to as a fourth part. The second front wall 950c can cover the upper part of
the display panel 10. The second front wall 950c can cover the wrinkles W that may
occur on the upper part of the display panel 10. A thickness W5 of the first front wall
950b may be greater than a thickness W6 of the second front wall 950c. The thickness
W5 of the first front wall 950b may be substantially equal to a sum of the thickness
W6 of the second front wall 950c and the thickness of the display panel 10.

The first arm 911 may include a first part 911b facing the vertical portion 953b and a
second part 911c facing the plate 11. A thickness W9 of the second part 911c may be
substantially equal to a sum of a thickness W7 of the vertical portion 953b and a
thickness W8 of the first part 911b. The second part 911c is in contact with or adjacent
to the display unit 20 and thus can stably support the display unit 20.

Referring to FIG. 43, a top case 962 may include a first part 962a, a second part 962b
extended rearward from the first part 962a, and a third part 962¢ extended downward
from the first part 962a. The third part 962c may be referred to as a front wall. The
third part 962c may face the plate 11. A lower bar 963 may include a first part 963a
facing the display unit 20, a second part 963b extended rearward from the first part
963a, and a third part 963c extended upward from the second part 963b. The first part
963a may be referred to as a vertical portion. The second part 963b may be referred to
as a horizontal portion. The third part 963c may be referred to as a vertical portion. The
first part 963a may include a connection portion 963d protruding rearward. A first arm
911d may be pivotally connected to the connection portion 963d. The plate 11 may
include a first bending portion 11c between the first part 962a of the top case 962 and
the second part 963b of the lower bar 963. The plate 11 may include a second bending
portion 11d between the second part 962b of the top case 962 and the third part 963c of
the lower bar 963. The first bending portion 11c may be referred to as a first part, and
the second bending portion 11d may be referred to as a second part. A third part 11j
may be connected to the first part 11c. The screw S may pass through the third part
963c of the lower bar 963 and the second bending portion 11d and may be fastened to
the first part 962a of the top case 962. The gasket (not shown) may be positioned
between the top case 962 and the lower bar 963.

Referring to FIG. 44, a top case 964 may include a first part 964a, a second part 964b
extended rearward from the first part 964a, and a third part 964c extended downward
from the first part 964a or a fourth part 964d extended downward from the third part
964c. The third part 964c may be referred to as a first front wall, and the fourth part
964d may be referred to as a second front wall. A thickness W10 of the third part 964c
may be substantially equal to a sum of a thickness W11 of the fourth part 964d and the
thickness of the display panel 10. The third part 964c may face the plate 11. The fourth
part 964d may face the display panel 10. A lower bar 963 may include a first part 963a
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facing the display unit 20, a second part 963b extended rearward from the first part
963a, and a third part 963c extended upward from the second part 963b. The first part
963a may include a connection portion 963d protruding rearward. The first arm 911d
may be pivotally connected to the connection portion 963d. The plate 11 may include a
first bending portion 11c between the first part 964a of the top case 964 and the second
part 963b of the lower bar 963. The plate 11 may include a second bending portion 11d
between the second part 964b of the top case 964 and the third part 963c of the lower
bar 963. The screw S may pass through the third part 963c of the lower bar 963 and the
second bending portion 11d and may be fastened to the first part 964a of the top case
9642. The gasket (not shown) may be positioned between the top case 964 and the
lower bar 963.

Referring to FIG. 45, the display unit 20 may be bent rearward. The display unit 20
may wrap an upper bar 972. The upper bar 972 may be referred to as a bar, a top bar,
or a top. A lower bar 973 may be positioned in the rear of the upper bar 972. The
display unit 20 may be positioned between the upper bar 972 and the lower bar 973. A
gasket 974 may be positioned between the upper bar 972 and the lower bar 973. The
upper bar 972 may include holes 972f. The gasket 974 may include holes 974a. The
lower bar 973 may include holes 973c. The screw S may pass through the holes 973¢
of the lower bar 973 and the holes 974a of the gasket 974 and may be fastened to the
holes 972f of the upper bar 972.

Referring to FIG. 46, the upper end of the display unit 20 may be bent rearward. A
portion of the display unit 20 that is rounded along the upper bar 972 may be referred
to as a bending portion 20a. The bending portion 20a may include a bending portion
10a of the display panel 10 and a first bending portion 11e of the plate 11. The bending
portion 10a may be connected to a first part 10p. The bending portion 10a may be
referred to as a second part 10a. The upper bar 972 or the lower bar 973 may be
surrounded by the display unit 20 and may not be exposed to the outside.

Referring to FIG. 47, the display unit 20 may include a first flat portion 20P, a
bending portion 20a which is bent rearward from the first flat portion 20P and is
rounded, and a second flat portion 20b facing the first flat portion 20P. A first part
972a may form a curved surface. A second part 972b may be extended from the first
part 972a and may face the first flat portion 20P. A third part 972c may be extended
forward from the second part 972b. A fourth part 972d may be extended from the third
part 972¢ and may face the first flat portion 20P. The bending portion 20a may be bent
along the first part 972a. The second flat portion 20b may be extended along the
second part 972b.

A first part 973a of the lower bar 973 may be fastened to the fourth part 972d of the
upper bar 972. A second part 973b may be extended from the first part 973a to face the
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first flat portion 20P and may be positioned below the upper bar 972. The link 910 may
be pivotally connected to the front surface or the rear surface of the second part 973b.

The display panel 10 may include a first part 10p facing the front, a bending portion
10a that is connected to the first part 10p and is bent along the first part 972a of the
upper bar 972, and a horizontal portion 10b extended along the second part 972b of the
upper bar 972. The horizontal part 10b may be referred to as a third part.

The plate 11 may include a first part 11p facing the front, a first bending portion 11e
that is connected to the first part 11p and is bent along the first part 972a of the upper
bar 972, and a horizontal portion 11k extended along the second part 972b of the upper
bar 972. A second bending portion 11m may be bent forward from the horizontal
portion 11k and may be positioned between the third part 972¢ of the upper bar 972
and the first part 973a of the lower bar 973. A third bending portion 11n may be bent
downward from the second bending portion 11m and may be positioned between the
fourth part 972d of the upper bar 972 and the first part 973a of the lower bar 973. The
gasket 974 may be positioned between the third bending portion 11n and the first part
973a of the lower bar 973. The first bending portion 11e may be referred to as a second
part. The horizontal portion 11k may be referred to as a third part. The second bending
portion 11m may be referred to as a fourth part. The third bending portion 11n may be
referred to as a fifth part.

Referring to FIG. 48, the display unit 20 may be in a state of being fully wound on
the roller 143. The display device 100 may be symmetrical to the left and right with
respect to the motor assembly 810. A height of the top case 950 may be a minimum
value. The slide 820 may be at a position closest to the inner bearing 830b. The slide
820 may be in a state of being caught on the first stopper 861b. The spring 850 may be
in a fully compressed state. The pusher 930 may be in contact with the link bracket
951. A height of the pusher 930 may be a minimum value.

Referring to FIG. 49, the display unit 20 may be in a state in which about half of the
display unit 20 is wound on the roller 143. The display device 100 may be symmetrical
to the left and right with respect to the motor assembly 810. The display unit 20 may
be in a state in which about half of the display unit 20 is unwound from the roller 143.
The slide 820 may be positioned between the first stopper 861b and the second stopper
861a. The pusher 930 may be separated from the link bracket 951. A height of the
pusher 930 may be a maximum value.

Referring to FIG. 50, the display unit 20 may be in a state of being fully unwound
from the roller 143. The display device 100 may be symmetrical to the left and right
with respect to the motor assembly 810. A height of the top case 950 may be a
maximum value. The slide 820 may be at a position closest to the outer bearing 830a.

The slide 820 may be in a state of being caught on the second stopper 861a. The spring
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850 may be in a fully extended state. The pusher 930 may be separated from the link
bracket 951. A height of the pusher 930 may be a maximum value.

Referring to FIGS. 51 and 52, a first sensor 980b and a second sensor 980a may be
mounted on the second base 32. The second part 820b of the slide 820 may include a
to-be-sensed portion 820f on a rear surface thereof. When the slide 820 is caught on
the first stopper 861b, the first sensor 980b can sense the to-be-sensed portion 820f.
When the slide 820 is positioned as close as possible to the inner bearing 830b, the first
sensor 980b can sense the to-be-sensed portion 820f. When the spring 850 is fully
compressed, the first sensor 980b can sense the to-be-sensed portion §20f. When the
slide 820 is caught on the second stopper 861a, the second sensor 980a can sense the
to-be-sensed portion 820f. When the slide 820 is positioned as close as possible to the
outer bearing 830a, the second sensor 980a can sense the to-be-sensed portion §20f.
When the spring 850 is fully extended, the second sensor 980a can sense the to-
be-sensed portion 820f. The first sensor 980b may not contact the to-be-sensed portion
820f. The second sensor 980a may not contact the to-be-sensed portion 820f.

The to-be-sensed portion 820f may include a first part 820d fastened to the slide 8§20
and a second part 820e bent rearward from the first part 820d. The first sensor 980b or
the second sensor 980a may sense the second part 820e. As the slide 820 moves, the
second part 820e may pass over the first sensor 980b or the second sensor 980a. The
first sensor 980b or the second sensor 980a may sense that the second part 820e passes
it.

The first sensor 980b or the second sensor 980a may be a limit switch. When the first
sensor 980b or the second sensor 980a is the limit switch, the to-be-sensed portion
820f may contact the first sensor 980b or the second sensor 980a.

When the to-be-sensed portion 820f is sensed by the first sensor 980b or the second
sensor 980a, the motor assembly 810 may stop the operation.

Referring to FIG. 53, when the pusher 930 is separated from the link bracket 951, the
head 936 may have a maximum height H3 measured from the second base 32. When
the head 936 has the maximum height, the fourth part 934 may be caught on an upper
end of the hole 924. The fourth part 934 may be referred to as a to-be-sensed portion or
a projection. A bracket 990 may be mounted on the second part 923 of the link mount
950. A sensor 991 may be mounted on the bracket 990. The sensor 991 may face the
second part 923. The sensor 991 may be spaced from the second part 923. When the
sensor 991 faces the to-be-sensed portion 934, the sensor 991 can sense the to-
be-sensed portion 934. The sensor 991 may not contact the to-be-sensed portion 934.

Alternatively, at least a portion of the sensor 991 may be inserted into the hole 924.
The sensor 991 may be a limit switch. When the sensor 991 is the limit switch, the

sensor 991 may contact the to-be-sensed portion 934. When the sensor 991 contacts the
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to-be-sensed portion 934, the sensor 991 can sense the to-be-sensed portion 934. When
the to-be-sensed portion 934 is sensed by the sensor 991, the motor assembly 810 may
stop the operation.

Referring to FIG. 54, when the head 936 is caught in the hole 925, the head 936 may
have a minimum height H2 from the second base 32. When the head 936 has the
minimum height, the to-be-sensed portion 934 may be caught on a lower end of the
hole 924. When the to-be-sensed portion 934 is caught on the lower end of the hole
924, the sensor 991 can face or contact the to-be-sensed portion 934 and can sense the
to-be-sensed portion 934. When the to-be-sensed portion 934 is sensed by the sensor
991, the motor assembly 810 may stop the operation.

Referring to FIG. 55, a first auxiliary roller 180 may be positioned between the
second base 32 and the roller 143. The first auxiliary roller 180 may be referred to as a
roller. The first auxiliary roller 180 may be positioned in the rear of the display unit 20.
A space S7 may be formed below the first part 32b of the second base 32. The first
auxiliary roller 180 may be positioned in the space S7. The first auxiliary roller 180
may be coupled to an arm 181. The arm 181 may rotate about a pin bolt 182. A lower
end of the arm 181 may be connected to one side of the spring 183. The other side of
the spring 183 may be fixed to the inside of the housing 30. A protective sheet 184
may be connected to the first auxiliary roller 180 and the roller 143. The protective
sheet 184 may be wound or unwound from the first auxiliary roller 180. The protective
sheet 184 may be wound or unwound from the roller 143. The protective sheet 184
may be made of a material such as cloth, woven fabric, or nonwoven fabric. The first
auxiliary roller 180 may rotate in a direction opposite to a rotation direction of the
roller 143. When the display unit 20 is unwound from the roller 143, the protective
sheet 184 can be wound on the first auxiliary roller 180. When the display unit 20 is
wound on the roller 143, the protective sheet 184 can be unwound from the first
auxiliary roller 180. The protective sheet 184 can be wound on the roller 143 together
with the display unit 20. The protective sheet 184 may be positioned between the
display unit 20 wound on the roller 143. The protective sheet 184 can prevent the
display unit 20 from being damaged by a friction. The protective sheet 184 can prevent
the display panel 10 from being damaged by a friction between the display panel 10
and the plate 11. The display unit 20 may be deployed upward or downward at a
position spaced from a center C1 of the roller 143 by a distance D6. When the display
unit 20 is fully unwound from the roller 143, the display unit 20 may be deployed
downward at the position spaced from the center C1 of the roller 143 by the distance
D6. The first auxiliary roller 180 on which the protective sheet 184 is wound may
contact the display unit 20. The spring 183 can adjust a position of the arm 181 so that

the first auxiliary roller 180 on which the protective sheet 184 is wound contacts the
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display unit 20. The center C1 of the roller 143 and a center C2 of the first auxiliary
roller 180 may be spaced from each other by a distance D4 when viewed in the vertical
direction.

Referring to FIG. 56, when the display unit 20 is fully wound on the roller 143, the
display unit 20 may be deployed upward at the position spaced from the center C1 of
the roller 143 by the distance D6. The first auxiliary roller 180 from which the
protective sheet 184 is fully unwound may contact the display unit 20. The spring 183
can adjust a position of the arm 181 so that the first auxiliary roller 180 from which the
protective sheet 184 is unwound contacts the display unit 20. The center C1 of the
roller 143 and the center C2 of the first auxiliary roller 180 may be spaced from each
other by a distance D5 when viewed in the vertical direction. The distance D5 may be
greater than the distance D4.

Referring to FIG. 57, the display unit 20 may be bent by the weight of the display
unit 20 or the weight of the top case 950. In particular, when the display unit 20 is
wound on the roller 143, the display unit 20 may be bent forward.

Referring to FIG. 58, a second auxiliary roller 190 may be positioned in front of the
display unit 20. The second auxiliary roller 190 may be referred to as a roller. The
second auxiliary roller 190 may contact the display unit 20. The second auxiliary roller
190 may contact the display unit 20 when the display unit 20 is wound or unwound
from the roller 143. The second auxiliary roller 190 can rotate due to a friction between
the second auxiliary roller 190 and the display unit 20. The second auxiliary roller 190
can prevent the display unit 20 from being bent forward. The display unit 20 is not
bent owing to the second auxiliary roller 190 and thus can be flat wound or unwound
from the roller 143.

Referring to FIG. 59, the second auxiliary roller 190 may be positioned in front of
the display unit 20. The first auxiliary roller 180 may be positioned between the second
base 32 and the roller 143. The first auxiliary roller 180 may be positioned in the rear
of the display unit 20. A space S7 may be formed below the first part 32b of the second
base 32. The first auxiliary roller 180 may be positioned in the space S7.

Referring to FIG. 60, the display unit 20 may be wound or unwound from the roller
143 while being spaced from the front surface of the housing 30 by a distance D3.

Referring to FIG. 61, an auxiliary roller 181 may be positioned in front of the display
unit 20. The auxiliary roller 181 may be referred to as a roller. The auxiliary roller 181
can adjust a distance between the front surface of the housing 30 and the display unit
20. The display unit 20 can move backward by the distance D2 due to the auxiliary
roller 181. The distance between the front surface of the housing 30 and the display
unit 20 may equal a sum of the distances D2 and D3.

Referring to FIG. 62, a hole 30b may be formed in the front surface of the housing
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30. The hole 30b may be covered with a light transmitting material. The light
transmitting material may be glass or resin. A cover 36 may cover the hole 30b. The
cover 36 may be referred to as a shutter. A display area 20c may correspond to the hole
30b or the cover 36. The display area 20c may face the cover 36. When the cover 36
covers the hole 30b, the display area 20c may not display an image.

Referring to FIG. 63, the cover 36 may move downward. The display area 20c may
be exposed to the outside through the hole 30b. The display area 20c can display an
image.

Referring to FIG. 64, when the display unit 20 is fully wound on the roller 143, the
top case 950 may not be exposed to the outside of the housing 30. The display area 20c
can display an image I1. A user can see the image 11 through the hole 30b. A
remaining portion excluding the display area 20c from the display unit 20 may not
display an image.

Referring to FIG. 65, the display unit 20 may be deployed outside the housing 30.
The display unit 20 can display a first image 12. The cover 36 can cover the hole 30b.

Referring to FIG. 66, the display area 20c may be exposed to the outside through the
hole 30b. The display area 20c can display a second image 1. The first image 12 and
the second image I1 may be independent images that are not related.

Referring to FIG. 67, a window 37 may be formed on the front surface of the housing
30. The window 37 may include a light transmitting material. The light transmitting
material may be glass or resin. The display area 20c may face the window 37.

The window 37 may include a material capable of adjusting a light transmittance.
Thus, when the display area 20c displays an image, the light transmittance of the
window 37 can increase. When the display area 20c does not display an image, the
light transmittance of the window 37 can be reduced.

Referring to FIG. 68, the housing 30c may have a cylindrical shape. The housing 30c
may have a circular cross section or an oval cross section. A hole 30e may be formed
in front of the display unit 20. The hole 30e may be covered with a light transmitting
material. The light transmitting material may be glass or resin. A cover 36a can cover
the hole 30e. The cover 36a may have a curved surface corresponding to the curved
surface of the housing 30c. The display area 20c may face the cover 36a. When the
cover 36a covers the hole 30e, the display area 20c may not display an image. A stand
30d may be coupled to the lower side of the housing 30c. The stand 30d can support
the housing 30c.

Referring to FIG. 69, the cover 36a may move downward. The display area 20c may
be exposed to the outside through the hole 30e. The display area 20c can display an
image.

Referring to FIG. 70, a window 36b may be formed in front of the display unit 20.
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The window 36b may include a light transmitting material. The light transmitting
material may be glass or resin. The display area 20c may face the window 36b.

The window 36b may include a material capable of adjusting a light transmittance.
Thus, when the display area 20c displays an image, the light transmittance of the
window 36b can increase. When the display area 20c does not display an image, the
light transmittance of the window 36b can be reduced.

The foregoing embodiments are merely examples and are not to be considered as
limiting the present disclosure. The present teachings can be readily applied to other
types of methods and apparatuses. The features, structures, methods, and other charac-
teristics of the embodiments described herein may be combined in various ways to
obtain additional and/or alternative embodiments.

Certain embodiments or other embodiments of the disclosure described above are not
mutually exclusive or distinct from each other. Any or all elements of embodiments of
the disclosure described above may be combined or combined with each other in con-
figuration or function.

For example, a configuration “A” described in one embodiment of the disclosure and
the drawings and a configuration “B” described in another embodiment of the
disclosure and the drawings may be combined with each other. Namely, although the
combination between the configurations is not directly described, the combination is
possible except in the case where it is described that the combination is impossible.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the scope of the principles of this disclosure. More particularly, various
variations and modifications are possible in the component parts and/or arrangements
of the subject combination arrangement within the scope of the disclosure, the
drawings and the appended claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will also be apparent to those
skilled in the art.
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Claims
A display device comprising:
a housing;
a roller disposed inside the housing;
a display panel;
a plate comprising a first plate region and a second plate region and
configured to be rolled around the roller, wherein the display panel is
disposed at the first plate region;
a first bar and a second bar, wherein the second plate region is secured
between the first bar and the second bar; and
a link coupled to the first bar and configured to support the first bar
when the first bar is raised to unroll the plate.
The display device of claim 1, wherein a screw penetrates the first bar
and the second plate region and is fastened to the second bar.
The display device of claim 1, further comprising a gasket between the
first bar and the second bar.
The display device of claim 1, wherein the first bar comprises:
a horizontal portion positioned adjacent to the second plate region; and
a vertical portion extending downward from the horizontal portion and
configured to support the first plate region,
wherein the link is pivotally coupled to the vertical portion.
The display device of claim 4, further comprising a link bracket
coupled to the vertical portion,
wherein the vertical portion comprises a first coupling portion and a
second coupling portion protruding rearward and spaced apart from
each other.
wherein the link comprises a hole configured to accommodate the
second coupling portion therein, and
wherein the link bracket is coupled to the first coupling portion and the
second coupling portion.
The display device of claim 5, further comprising a ring bearing po-
sitioned in the hole, wherein the second coupling portion is inserted
into the ring bearing.
The display device of claim 4, wherein the second bar comprises:
a securing bar portion disposed opposite the vertical portion of the first
bar; and

a rear wall extending downward from the securing bar portion and
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[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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configured to cover the second plate part and the horizontal portion of
the first bar.

The display device of claim 7, wherein the second bar further
comprises a first front wall extending downward from a front end of the
securing bar portion and configured to cover the first plate region.

The display device of claim 8§, wherein the second bar further
comprises a second front wall extending downward from the first front
wall,

wherein a thickness of the first front wall is greater than a thickness of
the second front wall,

wherein the second front wall faces the display panel.

The display device of claim 4, wherein the link comprises:

an upper portion pivotally coupled to the vertical portion and facing the
vertical portion; and

a lower portion extending from the upper portion and configured to
support the first plate region.

The display device of claim 10, wherein a thickness of the lower
portion is substantially equal to a sum of a thickness of the upper
portion and a thickness of the vertical portion.

The display device of claim 4, wherein a screw penetrates penetrating
the horizontal portion and the second plate region and is fastened to the
second bar.

The display device of claim 1, wherein the plate further comprises a
third plate region extending from the second plate region,

wherein the third plate region is secured between the first bar and the
second bar.

The display device of claim 13, wherein the first bar comprises:

a second horizontal portion adjacent to the second plate region;

a second vertical portion extending upward from a rear end of the
second horizontal portion; and

a third vertical portion extending downward from a front end of the
second horizontal portion and configured to support the first plate
region,

wherein the link is pivotally coupled to the third vertical portion, and
wherein the third plate region is fixed between the third vertical portion
and the second bar.

The display device of claim 14, wherein a screw penetrates penetrating

the second vertical portion and the third plate region and is fastened to
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the second bar.
[Claim 16] The display device of claim 1, wherein the second bar comprises:
a curved surface; and
a rear extension part extending from a rear end of the curved surface,
wherein the second plate region extends along the curved surface and
the rear extension part.
[Claim 17] The display device of claim 16, wherein the display panel is extended
along the curved surface and the rear extension part.
[Claim 18] The display device of claim 17, wherein the second bar comprises:
a rear horizontal part extending forward from a lower end of the rear
extension part; and
a rear vertical part extending downward from a front end of the rear
horizontal part,
wherein the rear vertical part faces the first plate region,
wherein the second plate region extends along the rear horizontal part
and the rear vertical part,
wherein the first bar is fastened to the rear vertical part,
wherein the second plate region is secured between the rear vertical
part and the first bar.
[Claim 19] The display device of claim 18, wherein a screw penetrates the second
plate region and the first bar and is fastened to the rear vertical part.
[Claim 20] The display device of claim 19, wherein the first bar comprises:
an upper portion fastened to the rear vertical part of the second bar; and
a lower portion extended downward from the upper portion and behind
at a rear of the first plate region,
wherein the link is pivotally coupled to a front surface or a rear surface

of the lower portion of the first bar.
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