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(57) ABSTRACT

A display device includes a main display unit and a liquid
crystal display cover coupled with the main display unit. The
liquid crystal display cover is movable between open and
closed positions with respect to the main display unit. The
liquid crystal display cover includes a lower substrate, an
upper substrate, and a liquid crystal layer. The lower substrate
includes a plurality of first pixels thereon. The upper substrate
faces the lower substrate and has a first common electrode
thereon. The liquid crystal layer is between the lower sub-
strate and the upper substrate.
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DISPLAY DEVICE HAVING LIQUID
CRYSTAL DISPLAY COVER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0126947, filed on
Dec. 13,2010, in the Korean Intellectual Property Office, and
entitled: “Display Device Having Liquid Crystal Display
Cover,” the entire content of which is incorporated herein by
reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a display device having a
liquid crystal display cover.

[0004] 2. Description of the Related Art

[0005] Recently, due to development of communication
technology such as wireless internet, portable electronic
devices, e.g., laptop computers, that can are adapted for out-
door environments are being widely used.

SUMMARY

[0006] Embodiments may be realized by providing a dis-
play device with a liquid crystal display cover including a
main display unit and a liquid crystal display cover coupled
with the main display unit to be open and closed. The liquid
crystal display includes a lower substrate on which a plurality
of first pixels are formed, an upper substrate on which a first
common electrode is formed and facing the lower substrate,
and a liquid crystal layer disposed between the lower sub-
strate and the upper substrate.

[0007] Moreover, the liquid crystal layer may be a polymer
dispersed liquid crystal layer.

[0008] Theliquid crystal layer may be a liquid crystal layer
including a liquid crystal microcapsule.

[0009] The microcapsule may have a diameter of about 0.2
micrometers to about 80 micrometers.

[0010] The main display unit may be a liquid crystal dis-
play on which a polarizer is installed in a normally white
mode.

[0011] The polarizer may include an anti-reflection (AR)
layer formed thereon or an anti-glare (AG) layer.

[0012] The display device may further include a touch
screen unit attached to a side of the liquid crystal display
cover.

[0013] The display device may further include a pivot unit
for connecting the main display to the liquid crystal display
cover and allowing the liquid crystal display cover to pivot.
[0014] Embodiments may also be realized by providing a
display device having a liquid crystal display cover that is
movable with respect to a display unit such that in a closed
configuration the liquid crystal display cover may both pro-
tect the display device from external shock and allow a user to
see an image that is displayed on a main display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
with reference to the attached drawings in which:

[0016] FIG. 1 illustrates a view of a laptop computer and a
cover for the laptop computer;
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[0017] FIGS.2A,2B,2C, and 2D illustrate various views of
a configuration of a display device having a liquid crystal
display cover, according to an exemplary embodiment;
[0018] FIG. 3 illustrates a sectional view of the liquid crys-
tal display cover, according to an exemplary embodiment;
[0019] FIG. 4 illustrates a sectional view of a main display
unit, according to an exemplary embodiment;

[0020] FIGS. 5A and 5B illustrate various views of an
operation of a liquid crystal display cover having a polymer
dispersed liquid crystal layer, according to an exemplary
embodiment;

[0021] FIG. 6 illustrates a sectional view showing an opera-
tion of the liquid crystal display cover including a liquid
crystal layer of a liquid crystal microcapsule, according to an
exemplary embodiment;

[0022] FIGS. 7A and 7B illustrate views of second polar-
izers, according to exemplary embodiments; and

[0023] FIG. 8illustrates a view of a display device having a
liquid crystal display cover in which a touch screen unit is
installed, according to an exemplary embodiment.

DETAILED DESCRIPTION

[0024] Korean Patent Application No. 10-2010-0126947,
filed on Dec. 13, 2010, in the Korean Intellectual Property
Office, and entitled: “Display Device having Liquid Cristal
Display Cover” is incorporated by reference herein in its
entirety.

[0025] In the following detailed description, only certain
exemplary embodiments have been shown and described,
simply by way of'illustration. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the present invention. Accordingly, the drawings and
description are to be regarded as illustrative in nature and not
restrictive. In addition, when an element is referred to as
being “on” another element, it can be directly on the other
element or be indirectly on the other element with one or more
intervening elements interposed therebetween. Also, when an
element is referred to as being “connected to” another ele-
ment, it can be directly connected to the other element or be
indirectly connected to the other element with one or more
intervening elements interposed therebetween. Hereinafter,
like reference numerals refer to like elements.

[0026] Since the present invention may be modified in vari-
ous ways and have various embodiments, exemplary embodi-
ments will be described in detail with reference to the accom-
panying drawings. However, it should be understood that the
present invention is not limited to a specific embodiment but
includes all changes and equivalent arrangements and substi-
tutions included in the spirit and scope of the present inven-
tion. In the following description, if the detailed description
of'the already known structure and operation may confuse the
subject matter, the detailed description thereof will be omit-
ted.

[0027] FIG. 2 illustrates a view showing a configuration of
a display device having a liquid crystal display cover accord-
ing to an exemplary embodiment.

[0028] Referring to FIG. 2, the display device having the
liquid crystal display cover may include a main display unit 1
and a liquid crystal display cover 2.

[0029] The main display unit 1 may be installed in a por-
table electronic device such as a laptop computer, a tablet PC,
etc. The main display unit 1 may be configured to display an
image and to be protected by the liquid crystal display cover
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2. The liquid crystal display cover 2 may be positioned at an
upper side of the display device.

[0030] The main display unit 1 may be a flat panel display
such as a liquid crystal display (LCD), a field emission dis-
play (FED), a plasma display panel (PDP), and an organic
light emitting display (OLED), preferably a LCD.

[0031] Theliquid crystal display cover 2 may be coupled to
the main display unit 1 to be open and closed. For example,
the liquid crystal display cover 2 may be configured to move
in a first direction to have an open configuration, e.g., an open
relationship with respect to the main display unit 1, and may
be configured to move in a second direction to have a closed
configuration, e.g., a closed relationship with respect to the
main display unit 1.

[0032] FIG. 2A illustrates a view of a state that the liquid
crystal display cover 2 is closed, i.e., is in a closed configu-
ration, with respect to the main display unit 1. The liquid
crystal display cover 2 may protect the main display unit 1
from, e.g., external shock, by maintaining a closed state as
illustrated in FIG. 2A.

[0033] FIGS. 2B, 2C, and 2D illustrate embodiments of
exemplary coupling structures of the main display unit 1 and
the liquid crystal display cover 2.

[0034] Asillustrated in FIG. 2B, the main display unit 1 and
the liquid crystal display cover 2 may have a folding structure.
The folding structure may be implemented by a pivot unit 3
for coupling an end of the main display unit 1 with an end of
the liquid crystal display cover 2 in a hinge structure.

[0035] Asillustrated in FIG. 2C, the main display unit 1 and
the liquid crystal display cover 2 may have a sliding structure.
Therefore, the liquid crystal display cover 2 may slide on the
main display unit 1 toward a side thereof to be opened and
closed.

[0036] Particularly, as illustrated in FIG. 2D, the pivot unit
3 may be installed to horizontally pivot the liquid crystal
display cover 2. The pivot unit 3 may protrude, e.g., in an
upward direction, from the main display unit 1. The pivot unit
3 may be coupled with the liquid crystal display cover 2. The
pivot unit 3 may be installed in an outer region such as a
corner of the main display unit 1. Therefore, the liquid crystal
display cover 2 may horizontally pivot so that, e.g., an aes-
thetically pleasing feature can be provided.

[0037] FIG. 3 illustrates a sectional view of the liquid crys-
tal display cover 2 according to the exemplary embodiment.
Referring to FIG. 3, the liquid crystal display cover 2 may
include a lower substrate 10, an upper substrate 20, and a
liquid crystal layer 50 disposed between the lower substrate
10 and the upper substrate 20.

[0038] The lower substrate 10 and the upper substrate 20
may be transparent substrates made of insulating material.
For example, the lower substrate 10 and the upper substrate
20 may be made of at least one of glass, plastic, silicon, and
synthetic resin. The lower substrate 10 and the upper substrate
20 may face each other.

[0039] A plurality of first pixel electrodes 30 may be
arranged at a predetermined interval on the lower substrate
10. Each pixel P1 may include a first thin film transistor TFT1
and a first pixel electrode 30.

[0040] The first thin film transistor TFT1 may include a
gate electrode 115, a first electrode 133, e.g., a source elec-
trode, a second electrode 135, e.g., a drain electrode, and a
semiconductor layer 123 formed between the gate electrode
115 and the first and second electrodes 133 and 135. The
semiconductor layer 123 may include an active layer 123a
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and an ohmic contact layer 1235. However, embodiments of
the structure of the first thin film transistor TFT1 are not
limited thereto.

[0041] A gate insulating layer 120 may be formed on the
gate electrode 115. A protecting layer 140 may be formed
above between the first and second electrodes 133 and 135.
The protecting layer 140 may include a contact hole 143 for
exposing the second electrode 135.

[0042] The first pixel electrode 30 may be formed on the
protecting layer 140. The first pixel electrode 30 may be
coupled to the second electrode 135 through the contact hole
143 in the protecting layer 140.

[0043] Therefore, according to an exemplary embodiment,
a predetermined voltage applied from the first electrode 133
may be transmitted to the second electrode 135 through the
first thin film transistor TFT1 or may be cut off so that each
pixel P1 can be controlled to display white and black.
[0044] A first common electrode 40 may be formed under
the upper substrate 20. The first common electrode 40 may be
applied with a predetermined common voltage and may form
a predetermined electric field in association with the respec-
tive first pixel electrodes 30.

[0045] The first pixel electrode 30 and the first common
electrode 40 may be made of transparent conductive material.
For example, the first pixel electrode 30 and the first common
electrode 40 may be made of at least one of indium tin oxide
(ITO), indium zinc oxide (IZO), like materials, and etc.
[0046] Theliquid crystallayer 50 may be disposed between
the lower substrate 10 and the upper substrate 20. The liquid
crystal layer 50 may be arranged by the electric field gener-
ated by the first pixel electrode 30 and the first common
electrode 40. The liquid crystal layer 50 may be disposed
directly between the first pixel electrode 30 and the first
common electrode 40.

[0047] The liquid crystal layer 50 may be a polymer dis-
persed liquid crystal layer in a light scattering mode in which
liquid crystals are scattered in transparent polymer resin, such
as polymer dispersed liquid crystal (PDLC) or polymer net-
work liquid crystal (PNLC).

[0048] PDLC may be made in such a way that liquid crystal
material is made by dispersing liquid crystals in Arabian
rubber or polyvinyl alcohol solution. For example, the liquid
crystal material may be coated, e.g., uniformly, on glass or a
polyester film substrate coated with conductive material
indium tin oxide (ITO) by a thickness of about 5 to 20
micrometers and water is evaporated, and then a glass or
polyester film substrate on which ITO is coated is bonded
thereon, or by phase separation using solubility of polymer
and liquid crystal monomer. In such PDLC, polymer may be
continuous phase and liquid crystals form droplets.

[0049] PNLC has a three dimensional net-shaped structure.
In the PNLC, liquid crystals may be continuous phase and
polymer may be cross linked. The PNLC may exhibit low
driving voltage that is lower than PDLC due to, e.g., refrac-
tion dependence of liquid crystal and polymer lower than
PDLC.

[0050] Inthe polymer dispersed liquid crystal layer, mono-
mer liquid crystals may be arranged in a polymer matrix
randomly in zero electric field, and light dispersion caused by
difference of refraction between the liquid crystal and poly-
mer matrix may cause opacity. When a voltage is applied, the
liquid crystals may be arranged in the direction of the electric
field, e.g., formed by the applied voltage, and refractive
indexes of the liquid crystals and the polymer matrix may be
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the same so that the polymer dispersed liquid crystal layer is
transparent to allow light to transmit.

[0051] Theliquidcrystallayer50, e.g., as illustrated in FIG.
6, may be a liquid crystal layer including a plurality of liquid
crystal micro-capsules 52. Each of the liquid crystal micro-
capsules 52 may include a transparent film 55 and liquid
crystal material 56 inserted into the transparent film 55. Each
ofthe liquid crystal micro-capsules 52 may have a diameter of
about 0.2 micrometers to about 80 micrometers. The liquid
crystal micro-capsules 52 may serve to perform dispersion
and transmission like the polymer dispersed liquid crystal
layer.

[0052] FIG. 4 illustrates a sectional view of the main dis-
play unit 1 according to an exemplary embodiment. The main
display unit 1 according to the embodiment may be a liquid
crystal display device.

[0053] Referring to FIG. 4, the liquid crystal display
device, that is, the main display unit 1 may include a first
substrate 210 on which a plurality of pixels P2 are formed, a
second substrate 220 facing to the first substrate 210, and a
liquid crystal layer 250 disposed between the first substrate
210 and the second substrate 220. The main display unit 1
may include first and second polarizers 280 and 282 formed
on outer surfaces of the first and second substrates 210 and
220, respectively. The main display unit 1 may include a
backlight 300 positioned under the first substrate 210 to pro-
vide light for displaying an image.

[0054] Each of the pixels P2 formed on the substrate 210
may include a second thin film transistor TFT2 and a second
pixel electrode 230. The second thin film transistor TFT2 and
the second pixel electrode 230 may be the same as or similar
to those of the liquid crystal display cover 2, as such the
detailed description will be omitted.

[0055] On the rear surface of the second substrate 220, a
grid shaped black matrix 290 may be formed. The grid shaped
black matrix 290 may be for surrounding regions of the
respective pixels P2 to cover non-displaying regions of gate
lines, data lines, and the second thin film transistor TFT2,
red-, green-, and blue-color filter patterns 292 sequentially
and repeatedly arranged in response to the respective pixels
P2 in the black matrix 290, and a second transparent common
electrode 240 made of transparent conductive material (for
example, ITO) under the color filter patterns 292. An overcoat
layer (not shown) may be further formed between the color
filter patterns 292 and the second common electrode 240.
[0056] The liquid crystal layer 250 may be arranged by the
electric field generated by the second common electrode 240
and the respective second pixels 230 and may display various
types of images by transmitting light provided from the back
light 300.

[0057] The liquid crystal layer 250 may be a normally
white mode for displaying white in a state where the electric
field is not applied. This is why only the back light 300 may
be turned on to be used as a light source of the liquid crystal
display cover 2 in the state where the liquid crystal display
cover 2 covers the main display unit 1. Therefore, the liquid
crystal display cover 2 can be used at night.

[0058] FIGS. 5A and 5B illustrate operations of the liquid
crystal display cover 2 having the polymer dispersed liquid
crystal layer, particularly a PNCL as the polymer dispersed
liquid crystal layer, according to an exemplary embodiment.
[0059] FIG. 5A shows the liquid crystal layer 50 of the
liquid crystal display cover 2 may be opaque because the
electric field is not generated yet in the liquid crystal layer 50.
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Therefore, an external light 400 that enters from the outside
may be dispersed in the liquid crystal layer 50 and may be
reflected to the outside again. Accordingly, at this time white
may be displayed.

[0060] FIG. 5B shows the liquid crystal layer 50 of the
liquid crystal display cover 2 is transparent by the electric
field generated in the liquid crystal layer 50. The liquid crys-
tals are arranged by the generated electric field so that the
external light 400 may be transmitted through the liquid crys-
tal layer 50.

[0061] That is, the liquid crystal layer 50 may become
transparent so that a user may see an image displayed on the
main display unit 1, e.g., in an outdoor environment, even
when the liquid crystal display cover 2 covers the main dis-
play unit 1. In other words, the image displayed on the main
display unit 1 may be seen without opening the liquid crystal
display cover 2.

[0062] According to an exemplary embodiment, since the
second polarizer 282 may be formed above the main display
unit 1, the external light 400 that enters from the outside may
be absorbed by the second polarizer 282 and black may be
displayed. Therefore, since the respective pixels P1 of the
liquid crystal display cover 2 may display black and white, the
liquid crystal display cover 2 may display various functions
such as a keypad.

[0063] FIG. 6 illustrates a sectional view of operation of the
liquid crystal display cover 2 including a liquid crystal layer
of a liquid crystal microcapsule.

[0064] FIG. 6illustrates a case where the electric field is not
applied to the liquid crystal layer 50 including liquid crystal
microcapsules 52. Therefore, the liquid crystal microcapsules
52 may be arranged at random in the liquid crystal layer 50.
Thus, the external light 400 may be dispersed as illustrated in
FIG. 5A and may be reflected to the outside environment
again so that white is displayed.

[0065] When the electric field is applied to the liquid crystal
layer 50 having the liquid crystal microcapsules 52, the
respective liquid crystal microcapsules 52 may be arranged
by the electric field such that the external light 400 may be
transmitted toward the second polarizer 282. Therefore, black
may be displayed as illustrated in FIG. 5B and a user may see
the image displayed on the main display unit 1 without open-
ing the liquid crystal display cover 2.

[0066] FIG. 7 illustrates a view of a second polarizer
according to exemplary embodiments. FIG. 7A illustrates the
second polarizer 282 on which an anti-reflection (AR) layer
500 may be laminated, and FIG. 7B illustrates the second
polarizer 282 on which an anti-glare (AG) layer 510 is lami-
nated.

[0067] Referring to FIG. 7, the second polarizer 282
according to the exemplary embodiment may include an AR
layer 500 or an AG layer 510 formed thereon to, e.g., reduce
surface reflection of the external light 400 transmitting the
liquid crystal layer 50 when the electric field is generated in
the liquid crystal layer 50.

[0068] The AR layer 500 may be made by laminating mate-
rials of different refractive indexes. According to an exem-
plary embodiment, the AR layer 500 may have a laminated
structure including TiO, of high refractive index and SiO, of
low refractive index.

[0069] TheAR layer 510 may disperse and reflect the exter-
nal light 400 due to unevenness formed on the surface. The
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AR layer 510 may be made by, e.g., scattering silicon par-
ticles on the second polarizer 282 and covering silicon resin
thereon.

[0070] FIG. 8illustrates a view of a display device having a
liquid crystal display cover in which a touch screen unit is
installed, according to an exemplary embodiment.

[0071] Referring to FIG. 8, a display device having the
liquid crystal display cover according to the exemplary
embodiment may further include a touch screen unit 5
attached to a side of the liquid crystal display cover 2.
[0072] The touch screen unit 5 may be a resistive touch
screen, a light sensitive touch screen, and/or a capacitive
touch screen. The touch screen unit 5, as illustrated in FIG. 8,
may be installed to an inner surface or an outer surface of the
liquid crystal display cover 2.

[0073] According to an exemplary embodiment, a user may
input desired texts using the touch screen unit 5 installed in
the liquid crystal display cover 2 without preparing a sepa-
rated input device. Particularly, when a keypad is displayed
on the liquid crystal display cover 2, a user can input desires
texts more easily.

[0074] By way of summation and review, portable elec-
tronic devices may include a cover for, e.g., damping an
external shock. For example, a laptop computer as illustrated
in FIG. 1 may include a main body 900 in which a keypad is
installed and a cover 910 pivotally coupled with an end of the
main body 900.

[0075] The cover 910 of the laptop computer may serve
only to protect the main body 900 from external shock by
covering the main body 900. A user cannot see an image
displayed on a display of the laptop computer unless the cover
910 is open. The embodiments disclosed herein advance the
art by providing a display device having a liquid crystal
display cover for protecting the display device from external
shock and for allowing a user to see an image that is displayed
on a main display without opening the cover.

[0076] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. Accordingly, it is
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to be understood that the invention is not limited to the dis-
closed embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. A display device with a liquid crystal display cover, the
display device comprising:

a main display unit; and

aliquid crystal display cover coupled with the main display

unit and being movable between open and closed posi-
tions with respect to the main display unit;

wherein the liquid crystal display cover includes:

a lower substrate with a plurality of first pixels thereon;

an upper substrate facing the lower substrate and having
a first common electrode thereon; and

aliquid crystal layer between the lower substrate and the
upper substrate.

2. The display device as claimed in claim 1, wherein the
liquid crystal layer is a polymer dispersed liquid crystal layer.

3. The display device as claimed in claim 1, wherein the
liquid crystal layer includes a liquid crystal microcapsule.

4. The display device as claimed in claim 3, wherein the
microcapsule has a diameter of about 0.2 micrometers to
about 80 micrometers.

5. The display device as claimed in claim 1, wherein the
main display unit is a liquid crystal display on which a polar-
izer is installed in a normally white mode.

6. The display device as claimed in claim 5, wherein the
polarizer includes an anti-reflection (AR) layer or an anti-
glare (AG) layer thereon.

7. The display device as claimed in claim 1, further com-
prising a touch screen unit attached to a side of the liquid
crystal display cover.

8. The display device as claimed in claim 1, further com-
prising a pivot unit for connecting the main display to the
liquid crystal display cover and for allowing the liquid crystal
display cover to pivot.
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