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(57) ABSTRACT

A liquid crystal display (LCD) device, including a lower
polarizing plate configured to have a transmission axis in a
first direction, a liquid crystal layer on the lower polarizing
plate, an upper polarizing plate on the liquid crystal layer, the
upper polarizing plate including a first polarizing plate and a
second polarizing plate, the first polarizing plate having a
transmission axis in the first direction, the second polarizing
plate having a transmission axis in a second direction perpen-
dicular to the first direction, and color filters including a white
filter and a colored filter, the white filter overlapping with the
first polarizing plate, and the color filter overlapping with the
second polarizing plate.
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[Fig. 2]
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[Fig. 3]
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[Fig. 6]
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[Fig. 7]
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0117710, filed on
Sep. 4, 2014 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relates to a liquid crystal display (LCD) device.

[0004] 2. Description

[0005] Aliquid crystal display (LCD) device can be imple-
mented, by increasing the optical transmissivity of a display
panel thereof, as a transparent display device capable of dis-
playing an image of the background of the display panel. A
related art LCD device is provided with a white area in a color
filter region to improve the optical transmissivity thereof.
Because light emitted from a backlight can penetrate the
white area almost without being interfered with, the optical
transmissivity of the related art LCD device can be improved.
[0006] Currently, a transparent LCD device is implemented
as being in a “normally black” state. That is, the display panel
of the transparent LCD device is non-transmissive when
turned off, and can realize a transparent state and an image
when turned on. However, to maintain the transparent state,
the display panel of the transparent LCD device must be
turned on. Accordingly, the power consumption of the trans-
parent LCD device may increase.

[0007] Also, because white pixels are driven to realize an
image during the transparent state, the luminance of the dis-
play panel of the transparent LCD device may increase, but
the color reproducibility of the display panel of the transpar-
ent LCD device may decrease. As a result, degradation in the
quality of the display, such as image blur, may occur.

SUMMARY

[0008] Aspects of embodiments of the present invention are
directed toward a liquid crystal display (LCD) device capable
of not only lowering power consumption while maintaining a
transparent state even when turned off, but also increasing
color reproducibility so as to improve the quality of display.
[0009] However, example embodiments of the present
invention are not restricted to those set forth herein. The
above and other example embodiments of the present inven-
tion will become more apparent to one of ordinary skill in the
art to which the present invention pertains by referencing the
detailed description of the present invention given below.

[0010] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display (LCD) device,
including: a lower polarizing plate configured to have a trans-
mission axis in a first direction; a liquid crystal layer on the
lower polarizing plate; an upper polarizing plate on the liquid
crystal layer, the upper polarizing plate including afirst polar-
izing plate and a second polarizing plate, the first polarizing
plate having a transmission axis in the first direction, the
second polarizing plate having a transmission axis in a second
direction perpendicular to the first direction; and color filters
including a white filter and a colored filter, the white filter
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overlapping with the first polarizing plate, and the color filter
overlapping with the second polarizing plate.

[0011] Inanembodiment,the LCD device further includes:
an array substrate at the bottom of the liquid crystal layer, the
array substrate including a plurality of pixels arranged in a
matrix; and an encapsulation substrate at the top of the liquid
crystal layer and encapsulating the liquid crystal layer.
[0012] In an embodiment, the lower polarizing plate is at
the top or the bottom of the array substrate, and the upper
polarizing plate is at the top or the bottom of the encapsulation
substrate.

[0013] Inan embodiment, each of the pixels overlaps with
the white filter or the colored filter.

[0014] In an embodiment, each of the pixels includes a
plurality of sub-pixels, and each of the sub-pixels overlaps
with the white filter or the colored filter.

[0015] In an embodiment, the white filter and the colored
filter are alternately arranged in a row direction or in a column
direction.

[0016] In an embodiment, the white filter and the colored
filter are alternately arranged in a row direction and a column
direction.

[0017] Inanembodiment, the liquid crystal layer includes a
plurality of liquid crystal molecules aligned in the first direc-
tion.

[0018] Inanembodiment, at least a portion of the plurality
of liquid crystal molecules in a region overlapping with the
first polarizing plate are configured to remain aligned in the
second direction while a voltage is applied to the liquid crys-
tal layer.

[0019] In an embodiment, the liquid crystal molecules are
configured to change their alignment according to a voltage
applied to the liquid crystal layer.

[0020] According to an embodiment of the present inven-
tion, there is provided an LCD display device, including: an
array substrate including a first area and a second area, the
first area overlapping with a white filter, and the second area
overlapping with a colored filter; and an upper polarizing
plate and a lower polarizing plate facing each other with the
array substrate interposed therebetween, wherein the lower
polarizing plate is further configured to have a transmission
axis in a first direction, the upper polarizing plate includes a
first polarizing plate having a transmission axis in the first
direction, and a second polarizing plate having a transmission
axis in a second direction that is perpendicular to the first
direction, the first area overlaps with the first polarizing plate,
and the second area overlaps with the second polarizing plate.
[0021] In an embodiment, the LCD display device further
includes: an encapsulation substrate facing the array substrate
and seal the array substrate; and aliquid crystal layer between
the encapsulation substrate and the array substrate.

[0022] In an embodiment, wherein the lower polarizing
plate is further configured to be located at the top or the
bottom of the array substrate and the upper polarizing plate is
further configured to be located at the top or the bottom of the
encapsulation substrate.

[0023] In an embodiment, wherein the liquid crystal layer
includes a plurality of liquid crystal molecules aligned in the
first direction.

[0024] In an embodiment, wherein at least a portion of the
plurality of liquid crystal molecules in the first area are con-
figured to remain aligned in the first direction while a voltage
is applied to the liquid crystal layer.
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[0025] In an embodiment, wherein the liquid crystal mol-
ecules are configured to change their alignment according to
a voltage applied to the liquid crystal layer.

[0026] In an embodiment, wherein the first area and the
second area are defined by an imaginary line that vertically or
horizontally extends across the array substrate.

[0027] According to an embodiment of the present inven-
tion, there is provided an LCD device, including: an array
substrate including a colored pixel and a white pixel; and an
upper polarizing plate and a lower polarizing plate facing
each other with the array substrate interposed therebetween,
wherein part of the upper polarizing plate overlapping with
the white pixel has a transmission axis in the same direction as
a transmission axis of the lower polarizing plate, and part of
the upper polarizing plate overlapping with the colored pixel
has a transmission axis in a direction perpendicular to the
transmission axis of the lower polarizing plate.

[0028] In an embodiment, the array substrate is further
configured to maintain an alignment of liquid crystal mol-
ecules included in the white pixel in the direction perpendicu-
lar to the transmission axis of the lower polarizing plate, while
the LCD device is displaying an image.

[0029] Inanembodiment, wherein thecolored pixel and the
white pixel are defined by an imaginary line that vertically or
horizontally extends across the array substrate.

[0030] According to the example embodiments, it is pos-
sible to lower the power consumption of an LCD device by
providing a transparent state even when the LCD device is
turned off. Also, it is possible to provide an improved quality
of display by increasing color reproducibility during the driv-
ing of the LCD device.

[0031] Other features and example embodiments will be
apparent from the following detailed description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a cross-sectional view of a liquid crystal
display (LCD) device, according to an example embodiment
of the present invention.

[0033] FIG. 2 is a schematic view illustrating the transmis-
sion of light through a liquid crystal layer illustrated in FIG.
1 in response to the application of no voltage to the liquid
crystal layer.

[0034] FIG. 3 is a schematic view illustrating the transmis-
sion of light through the liquid crystal layer in response to the
application of a voltage to the liquid crystal layer.

[0035] FIGS. 4 to 7 are plan views of examples of an array
substrate illustrated in FIG. 1.

[0036] FIG. 8 is a cross-sectional view of an LCD device,
according to another example embodiment of the present
invention.

[0037] FIGS. 9 and 10 are plan views of examples of an
array substrate illustrated in FIG. 8.

[0038] FIGS. 11 and 12 are schematic views illustrating the
transmission of light through a liquid crystal layer illustrated
in FIG. 8 in response to the application of a voltage to the
liquid crystal layer.

DETAILED DESCRIPTION

[0039] The aspects and features of the present invention
and methods for achieving the aspects and features will be
apparent by referring to the embodiments to be described in
more detail with reference to the accompanying drawings.
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However, the present invention is not limited to the embodi-
ments disclosed hereinafter, and can be implemented in
diverse forms. The matters defined in the description, such as
the detailed construction and elements, are nothing but spe-
cific details provided to assist those of ordinary skill in the art
in a comprehensive understanding of the present invention,
and the present invention is only defined within the scope of
the appended claims, and equivalents thereof.

[0040] Itwill beunderstood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section, without departing from the
spirit and scope of the inventive concept.

[0041] Spatially relative terms, such as “lower”, “upper,”
and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or in
operation, in addition to the orientation depicted in the fig-
ures. The device may be otherwise oriented (e.g., rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly. In
addition, it will also be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the inventive concept. As used herein, the
singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Further, the use of “may” when describing embodiments of
the inventive concept refers to “one or more embodiments of
the inventive concept.”

[0043] It will be understood that when an element or layer
is referred to as being “connected to”, “coupled to”, or “adja-
cent to” another element or layer, it can be directly on, con-
nected to, coupled to, or adjacent to the other element or layer,
or one or more intervening elements or layers may be present.
As used herein, the term “substantially,” “about,” and similar
terms are used as terms of approximation and not as terms of
degree, and are intended to account for the inherent deviations
in measured or calculated values that would be recognized by
those of ordinary skill in the art.

[0044] The term “on” that is used to designate that an ele-
ment is on another element or located on a different layerora
layer includes both a case where an element is located directly
on another element or a layer and a case where an element is
located on another element via another layer or still another
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element. In the entire description of the present invention, the
same drawing reference numerals are used for the same ele-
ments across various suitable figures.

[0045] Although the terms “first, second, and so forth” are
used to describe diverse constituent elements, such constitu-
ent elements are not limited by the terms. The terms are used
only to discriminate a constituent element from other con-
stituent elements. Accordingly, in the following description, a
first constituent element may be a second constituent element.
[0046] Example embodiments will hereinafter be
described with reference to the accompanying drawings.
[0047] FIG. 1 is a cross-sectional view of a liquid crystal
display (LCD) device, according to an example embodiment
of the present invention. FIG. 2 is a schematic view illustrat-
ing the transmission of light through a liquid crystal layer
illustrated in FIG. 1 in response to the application of no
voltage to the liquid crystal layer. FIG. 3 is a schematic view
illustrating the transmission of light through the liquid crystal
layer in response to the application of a voltage to the liquid
crystal layer. FIGS. 4 to 7 are plan views of examples of an
array substrate illustrated in FIG. 1.

[0048] Referring to FIGS. 1 to 7, an LCD device 10
includes a lower polarizing plate 110, a liquid crystal layer
LC, an upper polarizing plate 120, a plurality of color filters
130, an array substrate S1 and an encapsulation substrate S2.
[0049] The liquid crystal layer LC may be interposed
between the array substrate S1 and the encapsulation sub-
strate S2. The liquid crystal layer LC may be formed on the
lower polarizing plate 110. The liquid crystal layer LC may
include a plurality of liquid crystal molecules C. The liquid
crystal molecules C may be aligned in a direction (e.g., a
predetermined direction). The liquid crystal molecules C,
which are aligned in the direction (e.g., the predetermined
direction), may change the path of light applied thereto from
therebelow. The liquid crystal molecules C may change the
polarization direction of light applied thereto to correspond to
their alignment direction.

[0050] The array substrate S1 may include one or more
pixel electrodes, and the encapsulation substrate S2 may
include a common electrode. The array substrate S1 may
include one or more transistors, which control a voltage
applied to the pixel electrodes. The level of a voltage applied
to the liquid crystal layer LC may vary depending on an
electric field formed between the pixel electrodes and the
common electrodes. The alignment direction of the liquid
crystal molecules C may change according to the voltage
applied to the liquid crystal layer LC. In response to no
voltage being applied to the liquid crystal layer LC, the liquid
crystal molecules C may be aligned in a first direction A1, as
illustrated in FIG. 2. On the other hand, in response to a
voltage being applied to the liquid crystal layer L.C, the liquid
crystal molecules C may be aligned in a second direction A2,
which is substantially perpendicular to the first direction Al.
The array substrate S1 may control a voltage that is formed in
the liquid crystal layer LC, and may also control the path and
intensity of light incident upon, and emitted from, the liquid
crystal layer L.C.

[0051] The lower polarizing plate 110 and the upper polar-
izing plate 120 may be located at the bottom and the top,
respectively, of the liquid crystal layer LC, and may linearly
polarize light incident upon, and emitted from, the liquid
crystal layer LC. In an example embodiment, the lower polar-
izing plate 110 may be below (e.g., located at the bottom of)
the array substrate S1, and the upper polarizing plate 120 may
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be above (e.g., located at the top of) the encapsulation sub-
strate S2. However, the present invention is not limited to this
example embodiment. For example, the lower polarizing
plate 110 may be above (e.g., located at the top of) the array
substrate S1, and the upper polarizing plate 120 may be below
(e.g., located at the bottom) of the encapsulation substrate S2.

[0052] Thelower polarizing plate 110 may have a transmis-
sion axis along the first direction Al. For example, light L,
which is emitted from a backlight located below the lower
polarizing plate 110, may penetrate the lower polarizing plate
110 to be linearly polarized in the first direction Al. After
being linearly polarized by the lower polarizing plate 110, the
light L may be incident upon the liquid crystal layer LC, and
may be linearly polarized again depending on the alignment
direction of the liquid crystal molecules C in the liquid crystal
layer LC. More specifically, in response to the alignment
direction of the liquid crystal molecules C coinciding with the
polarization direction of the light L, the light L may penetrate
the liquid crystal layer LC with little to no changes to the
polarization direction thereof, as illustrated in FIG. 2. On the
other hand, inresponse to the alignment direction of the liquid
crystal molecules C not coinciding with the polarization
direction of the light L, the light L. may penetrate the liquid
crystal layer LC with its polarization direction changed to the
alignment direction of the liquid crystal molecules C.

[0053] The upper polarizing plate 120 may include a first
polarizing plate 121 and a second polarizing plate 122. The
first polarizing plate 121 may have a transmission axis along
the first direction A1, and the second polarizing plate 122 may
have a transmission axis along the second direction A2, which
is perpendicular to the first direction Al. That is the upper
polarizing plate 120 may have two polarizing plates with their
transmission axes perpendicular to each other, i.e., the first
polarizing plate 121 and the second polarizing plate 122. The
transmission axis of the first polarizing plate 121 may coin-
cide with the transmission axis of the lower polarizing plate
110, and the transmission axis of the second polarizing plate
122 may be perpendicular to the transmission axis of the
lower polarizing plate 110. An area overlapping with the first
polarizing plate 121 may be in a “normally white” state, and
an area overlapping with the second polarizing plate 122 may
be in a “normally black” state.

[0054] Inresponse to no voltage being applied to the liquid
crystal layer LC (e.g., electrical field being formed in the
liquid crystal layer LC), the light L, which is emitted from the
backlight, may be emitted from the top of the LCD device 10
through the first polarizing plate 121, but not through the
second polarizing plate 122. In response to the liquid crystal
molecules C being aligned in a perpendicular direction to
their previous alignment direction upon the application of a
voltage to the liquid crystal layer LC, the light L, which is
emitted from the backlight, may be emitted from the top of the
LCD device 10 through the second polarizing plate 122, but
not through the first polarizing plate 121.

[0055] The first polarizing plate 121 may overlap with a
white filter W, which is a color filter 130, and the second
polarizing plate 122 may overlap with a colored filter (R, G,
or B), which is also a color filter 130. The color filters 130 may
be located between the liquid crystal layer LC and the encap-
sulation substrate S2, as illustrated in FIG. 1, but the present
invention is not limited thereto. For example, the color filters
130 may be located between the liquid crystal layer LC and
the array substrate S1.
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[0056] The color filters 130 may filter the light L to sub-
stantially only transmit light of a particular wavelength there-
through. The light T, which is emitted from the backlight,
may be white light, and the white light L may penetrate the
color filters 130 to be converted into light of a particular color
(e.g., a predetermined color).

[0057] The color filters 130 may include the colored filter
(R, G, or B) and the white filter W. The colored filter (R, G, or
B) may include a red filter R transmitting red light there-
through, a green filter G transmitting green light there-
through, and a blue filter B transmitting blue light there-
through, but the present invention is not limited thereto. The
white filter W may transmit the light L without changing the
color of the light L. The white filter W may include a trans-
parent material, but the present invention is not limited
thereto. In an example embodiment, the white filter may be an
opening where the colored filter (R, G, or B) does not exist or
is not provided.

[0058] Inresponse to no voltage being applied to the liquid
crystal layer LC, the light L. may be emitted from the top of the
LCD device 10 through the first polarizing plate 121, which
overlaps with the white filter W. That is, when no power is
applied to the liquid crystal layer L.C, the LCD device 10 may
be partially in the “normally white” state, and may have high
transmissivity.

[0059] In response to a voltage being applied to the liquid
crystal layer L.C, the light . may be emitted from the top of the
LCD device 10 through the second polarizing plate 122,
which overlaps with the colored filter (R, G, or B). That is, the
alignment of liquid crystal molecules C in a region that over-
laps with the second polarizing plate 122 may change
depending on the level of a voltage applied to the liquid
crystal layer LC, and as a result, the amount of light emitted
from the top of the LCD device 10 may vary. Light emitted
through the liquid crystal layer LC may penetrate the colored
filter (R, G, or B), and may display an image as a whole.
[0060] Liquid crystal molecules C in a region that overlaps
with the first polarizing plate 121 may be aligned in a perpen-
dicular direction to their previous alignment direction with no
power applied to the liquid crystal layer L.C. That is, during
the application of a voltage to the liquid crystal layer LC, the
liquid crystal molecules C in the region that overlaps with the
first polarizing plate 121 may be aligned in the second direc-
tion A2, and may maintain their alignment in the second
direction A2. In other words, a data voltage for sustaining the
vertical alignment of liquid crystal molecules C may be
applied every frame to one or more transistors that control the
liquid crystal molecules C in the region that overlaps with the
first polarizing plate 121. Accordingly, the light [, cannot be
emitted outward through the first polarizing plate 121. That is,
an image may be displayed by utilizing (e.g., with the use of)
the colored filter (R, G, or B), which correspond to primary
colors, without displaying white light, and as a result, color
reproducibility may be improved.

[0061] Because the LCD device 10 can provide high trans-
missivity, which is a requirement for implementing a trans-
parent display device, without the need to apply power to the
liquid crystal layer LC, the power consumption of the LCD
device 10 can be lowered. Also, because an image can be
realized by utilizing (e.g., with the use of) the colored filter
(R, G, or B), high color reproducibility can be achieved.
[0062] The array substrate S1 may include a plurality of
pixels PX, which are arranged in a matrix. Each of the pixels
PX may include a plurality of sub-pixels SPX. Each of the
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sub-pixels SPX may include a transistor, which is controlled
by a gate line and is provided with a data voltage via a data
line. The area of each of the sub-pixels SPX may be substan-
tially the same as the area of a pixel electrode coupled to (e.g.,
connected to) the transistor of a corresponding sub-pixel
SPX.

[0063] Each of'the pixels PX may overlap with the colored
filter (R, G, or B) or the white filter W, as illustrated in FIG. 4.
Each of the sub-pixels SPX may overlap with one of the red,
green and blue filters R, G and B of the colored filter (R, G, or
B). The first polarizing plate 121 and the second polarizing
plate 122 may have different areas from each other. The area
of the second polarizing plate 122 may correspond to one
sub-pixel SPX, and the area of the first polarizing plate 121
may correspond to one pixel PX. The white filter W, which is
in the “normally white” state due to overlapping with the first
polarizing plate 121, may overlap with one pixel PX and may
thus provide even higher transmissivity. The colored filter (R,
G, or B) and the white filter W may be alternately arranged in
a row direction or a column direction, but the present inven-
tion is not limited thereto.

[0064] In an alternative example embodiment, the colored
filter (R, G, or B) and the white filter W may be alternately
arranged in both the row direction and in the column direc-
tion, as illustrated in FIG. 5. Accordingly, flickering and any
resolution degradation may be reduced (e.g., minimized) that
may be caused by arranging one or more white filters W in
rows.

[0065] In an example embodiment, the white filter W and
one of the red, green and blue filters R, G and B of the colored
filter (R, G, or B) may each be configured to overlap with one
sub-pixel SPX, as illustrated in FIG. 6. In this example
embodiment, the area of the first polarizing plate 121 may be
substantially the same as the second polarizing plate 122.
That is, the second polarizing plate 122 may be formed to
have substantially the same area as the first polarizing plate
121 in consideration of any resolution degradation that may
be caused by providing a relatively large “normally white”
area. The alignment of the liquid crystal molecules C in the
region that overlaps with the first polarizing plate 121, like the
alignment of the liquid crystal molecules C in the region that
overlaps with the second polarizing plate 122, may be
changed in response to a voltage being applied to the liquid
crystal layer LC. That is, during the application of a voltage to
the liquid crystal layer LC, the liquid crystal molecules C in
the region that overlaps with the first polarizing plate 121 may
not be fixed in the second direction A2. The sub-pixel SPX
overlapping with the white filter W may display an image
along with the sub-pixel SPX overlapping with the colored
filter (R, G, or B). Because the white filter W is configured to
occupy a small area, any degradation in color reproducibility
may be reduced (e.g., minimized) even if white pixels are
displayed, and any degradation in resolution may be pre-
vented that may be caused by not driving white pixels.

[0066] In an example embodiment, the white filter W may
be located among the red, green and blue filters R, Gand B of
the colored filter (R, G, or B), as illustrated in FIG. 7. Accord-
ingly, flickering and any resolution degradation may be
reduced (e.g., minimized) that may be caused by arranging
one or more white filters W in rows.

[0067] An LCD device according to another example
embodiment of the present invention will hereinafter be
described.
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[0068] FIG. 8is a cross-sectional view of an LCD device,
according to another example embodiment of the present
invention. FIGS. 9 and 10 are plan views of examples of an
array substrate illustrated in FIG. 8. FIGS. 11 and 12 are
schematic views illustrating the transmission of light through
a liquid crystal layer illustrated in FIG. 8 in response to the
application of a voltage to the liquid crystal layer.

[0069] Referring to FIGS. 8 to 12, an LCD device 20
includes a lower polarizing plate 210, a liquid crystal layer
LC, an upper polarizing plate 220, a white filter W, a colored
filter (R, G, or B), an array substrate S1 and an encapsulation
substrate S2.

[0070] The liquid crystal layer LC may be interposed
between the array substrate S1 and the encapsulation sub-
strate S2. The liquid crystal layer LC may be formed on the
lower polarizing plate 110. The liquid crystal layer LC may
include a plurality of liquid crystal molecules C. The liquid
crystal molecules C may be aligned in a direction (e.g., a
predetermined direction). The liquid crystal molecules C,
which are aligned in the direction (e.g., the predetermined
direction), may change the path of light applied thereto from
therebelow. The liquid crystal molecules C may change the
polarization direction of light applied thereto to correspond to
their alignment direction.

[0071] The array substrate S1 may include one or more
pixel electrodes, and the encapsulation substrate S2 may
include a common electrode. The array substrate S1 may
include one or more transistors, which control a voltage
applied to the pixel electrodes. The level of a voltage applied
to the liquid crystal layer LC may vary depending on an
electric field formed between the pixel electrodes and the
common electrodes. The alignment direction of the liquid
crystal molecules C may change according to the voltage
applied to the liquid crystal layer LC.

[0072] The array substrate S1 may include a first area Sbh
and a second area Sa. The first area Sb may be a region that
overlaps with the white filter W. The second area Sa may be a
region that overlaps with the colored filter (R, G, or B). That
is, the array substrate S1 may be divided into the firstarea Sb,
which includes a white pixel that controls the amount of light
transmitted through the white filter W, and the second area Sa,
which includes a colored pixel that controls the amount of
light transmitted through the colored filter (R, G, or B). The
first area Sb and the second area Sa may be defined by an
imaginary line that horizontally extends’ across the array
substrate S1, as illustrated in FIG. 9, but the present invention
is not limited thereto. For example, the first area Sb and the
second area Sa may be defined by an imaginary line that
vertically extends across the array substrate S1, as illustrated
in FIG. 10. Because the first area Sb overlaps with the white
filter W, the first area Sb may display only a white color or a
black color due to the luminance control performed by the
liquid crystal layer L.C. Because the second area Sa overlaps
with the colored filter (R, G, or B), the second area Sa may
display a variety of natural colors.

[0073] A first polarizing plate 221 of the upper polarizing
plate 220 overlaps with the white filter W, and may have a
transmission axis perpendicular to the transmission axis of
the lower polarizing plate 210, which is located below the first
polarizing plate 221. A second polarizing plate 222 of the
upper polarizing plate 220 overlaps with the colored filter (R,
G, or B), and may have a transmission axis in the same
direction as the transmission axis of the lower polarizing plate
210, which is located below the second polarizing plate 222.
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For example, the lower polarizing plate 210 and the second
polarizing plate 222 may both have a transmission axis in a
first direction A1, and the first polarizing plate 221 may have
a transmission axis in a second direction A2, which is pet-
pendicular to the first direction Al. The liquid crystal mol-
ecules C may be aligned in the first direction Al before the
application of a voltage to the liquid crystal layer L.C.

[0074] Forexample, the first area Sb may be in a “normally
white” state, and the second area Sa may be in a “normally
black” state. Accordingly, the first area Sb may transmit there-
through light L applied thereto from a backlight, and may
provide high transmissivity. The first area Sb may be in a
transparent display state. A user of the LCD device 20 can
recognize an image at the rear of the LCD device 20 through
the first area Sh. That is, a certain part of the LCD device 20
may be implemented as being in the transparent display state.
Accordingly, the power consumption of the LCD device 20
may be lowered.

[0075] The LCD device 20 may display an image by selec-
tively applying a voltage only to the second area Sa. Because
an image can be displayed with the second area Sa where no
white pixel is provided, any degradation in color reproduc-
ibility may be prevented. During the application of a voltage
to the liquid crystal layer LC, the liquid crystal molecules C in
the first area Sb may continue to be aligned in the first direc-
tion Al. Thus, the second area Sa may display an image while
the first area Sb maintains its transparent display state. In an
example embodiment, the LCD device 20 may display a
description of an image displayed in the first area Sb in the
second area Sa, but the present invention is not limited
thereto. In another example embodiment, the second area Sa
may be driven along with the first area Sb, and an auxiliary
screen may be provided for an image displayed in the second
area Sa.

[0076] The rest of the LCD device 20 is substantially the
same as the LCD device 10 of FIGS. 1to 7, and thus, detailed
descriptions thereof will be omitted.

[0077] While the present invention has been particularly
shown and described with reference to example embodiments
thereof, it will be understood by those of ordinary skill in the
art that various suitable changes to the disclosed embodi-
ments may be made without departing from the spirit and
scope of the present invention as defined by the following
claims, and equivalents thereof. The example embodiments
should be considered in a descriptive sense, and not for pur-
poses of limitation.

What is claimed is:
1. A liquid crystal display (LCD) device, comprising;

a lower polarizing plate configured to have a transmission
axis in a first direction,

a liquid crystal layer on the lower polarizing plate;

an upper polarizing plate on the liquid crystal layer, the
upper polarizing plate comprising a first polarizing plate
and a second polarizing plate, the first polarizing plate
having a transmission axis in the first direction, the sec-
ond polarizing plate having a transmission axis in a
second direction perpendicular to the first direction; and

color filters comprising a white filter and a colored filter,
the white filter overlapping with the first polarizing
plate, and the color filter overlapping with the second
polarizing plate.
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2. The LCD device of claim 1, further comprising:

an array substrate below the liquid crystal layer, the array
substrate comprising a plurality of pixels arranged in a
matrix; and

an encapsulation substrate above the liquid crystal layer

and encapsulating the liquid crystal layer.

3. The LCD device of claim 2, wherein the lower polarizing
plate is above or below the array substrate, and the upper
polarizing plateis above or below the encapsulation substrate.

4. The LCD device of claim 2, wherein each of the pixels
overlaps with the white filter or the colored filter.

5. The LCD device of claim 2, wherein each of the pixels
comprises a plurality of sub-pixels, and each of the sub-pixels
overlaps with the white filter or the colored filter.

6. The LCD device of claim 2, wherein the white filter and
the colored filter are alternately arranged in a row direction or
in a column direction.

7. The LCD device of claim 2, wherein the white filter and
the colored filter are alternately arranged in a row direction
and a column direction.

8. The LCD device of claim 1, wherein the liquid crystal
layer comprises a plurality of liquid crystal molecules aligned
in the first direction.

9. The LCD device of claim 8, wherein at least a portion of
the plurality of liquid crystal molecules in a region overlap-
ping with the first polarizing plate are configured to remain
aligned in the second direction while a voltage is applied to
the liquid crystal layer.

10. The LCD device of claim 8, wherein the liquid crystal
molecules are configured to change their alignment according
to a voltage applied to the liquid crystal layer.

11. An LCD display device, comprising:

an array substrate comprising a first area and a second area,

the first area overlapping with a white filter, and the
second area overlapping with a colored filter; and

an upper polarizing plate and a lower polarizing plate fac-

ing each other with the array substrate interposed ther-
ebetween,

wherein the lower polarizing plate is further configured to

have a transmission axis in a first direction, the upper
polarizing plate comprises a first polarizing plate having
a transmission axis in the first direction, and a second
polarizing plate having a transmission axis in a second
direction that is perpendicular to the first direction, the
first area overlaps with the first polarizing plate, and the
second area overlaps with the second polarizing plate.
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12. The LCD display device of claim 11, further compris-
ing:

an encapsulation substrate facing the array substrate and

seal the array substrate; and

a liquid crystal layer between the encapsulation substrate

and the array substrate.

13. The LCD display device of claim 12, wherein the lower
polarizing plate is located above or below the array substrate
and the upper polarizing plate is located above or below the
encapsulation substrate.

14. The LCD display device of claim 11, wherein the liquid
crystal layer comprises a plurality of liquid crystal molecules
aligned in the first direction.

15. The LCD device of claim 14, wherein at least a portion
of the plurality of liquid crystal molecules in the first area are
configured to remain aligned in the first direction while a
voltage is applied to the liquid crystal layer.

16. The LCD device of claim 14, wherein the liquid crystal
molecules are configured to change their alignment according
to a voltage applied to the liquid crystal layer.

17. The LCD device of claim 11, wherein the first area and
the second area are defined by an imaginary line that verti-
cally or horizontally extends across the array substrate.

18. An LCD device, comprising:

an array substrate comprising a colored pixel and a white

pixel; and

an upper polarizing plate and a lower polarizing plate fac-

ing each other with the array substrate interposed ther-
ebetween,

wherein part of the upper polarizing plate overlapping with

the white pixel has a transmission axis in the same direc-
tion as a transmission axis of the lower polarizing plate,
and part of the upper polarizing plate overlapping with
the colored pixel has a transmission axis in a direction
perpendicular to the transmission axis of the lower
polarizing plate.

19. The LCD device of claim 18, the array substrate is
further configured to maintain an alignment of liquid crystal
molecules comprised in the white pixel in the direction per-
pendicular to the transmission axis of the lower polarizing
plate, while the LCD device is displaying an image.

20. The LCD device of claim 18, wherein the colored pixel
and the white pixel are defined by an imaginary line that
vertically or horizontally extends across the array substrate.

I S T



patsnap

TREMOF) BREREE
[F(RE)E US20160070135A1 K (aH)A 2016-03-10
BRiES US14/637268 % A 2015-03-03

HRIRE(ERR)AGE) =EETERAH
B (T M) A(F) = EDISPLAY CO. , LTD.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

FRI& B A

RBA

L5
H M2 TF S0k
S\EREERR

BEG®)

—MBERER (LCD ) RE , SR ERESE —H R LERESHHNT
fRiky , ETRIRS LWREE  EREELN ERIRS , LRk E
BE-mEANE-—RmERS  F-—REAFEFBF-AENESFH , F
“REAFEAREETE - AONE S ANESH , UREEER , 2
FReRXANReRH SE-—RERFEBNEREXH , UREEZ
RiRAEBHNRES

IM WAN SOON

ROH NAM SEOK
SONG YOUNG GOO
LEE HYOUNG CHEOL
HYUNG YONG WOO
KIM HYUNG JUNE
CHONG JOONG GUN
HWANG JONG HAK

IM, WAN SOON

ROH, NAM SEOK
SONG, YOUNG GOO
LEE, HYOUNG CHEOL
HYUNG, YONG WOO
KIM, HYUNG JUNE
CHONG, JOONG GUN
HWANG, JONG HAK

GO02F1/1335 G02F1/1341 G02F1/1343 G02F1/137

GO02F1/133514 G02F1/133528 G02F1/134336 G02F2001/134345 G02F1/1341 G02F2001/133531
GO02F1/137 G02F2001/133538 G02F2201/52

1020140117710 2014-09-04 KR

uS9798182

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/f360dd61-72c4-42c4-9a73-3b011aabd7a1
https://worldwide.espacenet.com/patent/search/family/055437385/publication/US2016070135A1?q=US2016070135A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160070135%22.PGNR.&OS=DN/20160070135&RS=DN/20160070135

