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substrate, an opposite substrate and a liquid crystal layer. The
display substrate includes a pixel electrode and a first cured
layer. The first cured layer has various pretilt angles. The
opposite substrate includes a common electrode and a second
cured layer. The second cured layer has various pretilt angles.
The liquid crystal layer includes a plurality of liquid crystal
molecules pretilted at the various pretilt angles by the first and
second cured layers.
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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2008-84027, filed on Aug. 27, 2008, and all
the benefits accruing 35 U.S.C. § 119, the contents of which
are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) panel and a method of manufacturing the liquid
crystal display panel. More particularly, the present invention
relates to an LCD panel for improving a side viewing angle
and a method of manufacturing the liquid crystal display

panel.
[0004] 2. Description of the Related Art
[0005] A conventional liquid crystal display (“LCD”)

apparatus includes an LCD panel and a backlight assembly
disposed under the LCD panel. The LCD panel displays
images by controlling optical transmittance of liquid crystal
molecules. The backlight assembly provides the LCD panel
with light.

[0006] The LCD panel includes a display substrate having
a pixel electrode, an opposite substrate having a common
electrode, and a liquid crystal layer interposed between the
display substrate and the opposite substrate.

[0007] TheL.CD apparatus displays the images by applying
a voltage to the liquid crystal layer and controlling optical
transmittance of the liquid crystal layer. In the LCD appara-
tus, light is transmitted only in a direction in which the light is
not blocked by liquid crystal molecules of the liquid crystal
layer, and thus the viewing angle of the LCD apparatus is
relatively narrow. In order to widen the viewing angle, a
patterned vertical alignment (“PVA”) mode has been devel-
oped.

[0008] In the PVA mode, liquid crystal molecules are ver-
tically aligned with respect to the two substrates, and a plu-
rality ofslit patterns are formed on the pixel electrode and the
common electrode facing the pixel electrode to form a multi-
domain structure in the pixel.

[0009] The PVA mode of the LCD panel has advantages
such as high contrast ratio (“CR”), and a rubbing process is
not required. However, a process of patterning the common
electrode is necessary in the PVA mode.

BRIEF SUMMARY OF THE INVENTION

[0010] Since a process of patterning the common electrode
is necessary in the PVA mode, there may be technical chal-
lenges in forming the common electrode of a liquid crystal
display device “LLCD”). For example, there is some possibil-
ity of causing a misalignment of a display substrate and an
opposite substrate, or reducing a aperture ratio (e.g., aratio of
an area for a transmission of light to an area of the unit pixel)
in the PVA mode, compared to a twisted nematic (TN) mode
or an in-plane switching (IPS) mode, in which mode no
pattern is formed on the opposite substrate. Further, the LCD
apparatus in the PVA mode may have lower side visibility
than front visibility thereof.

[0011] Exemplary embodiments of the present invention
provide a liquid crystal display (“LCD”) panel for improving
the side visibility and the aperture ratio of an LCD apparatus.
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[0012] Exemplary embodiments of the present invention
provide a method of manufacturing the LCD panel.

[0013] In an exemplary embodiment of the present inven-
tion, aliquid crystal display (“LCD”) panel includes a display
substrate, an opposite substrate facing the display substrate,
and a liquid crystal layer interposed between the display
substrate and the opposite substrate. The display substrate
includes a pixel electrode and a first cured layer disposed on
the pixel electrode. The first cured layer has various pretilt
angles. The opposite substrate includes a common electrode
and a second cured layer disposed on the common electrode.
The second cured layer has various pretilt angles. The liquid
crystal layer includes a plurality of liquid crystal molecules
pretilted at the various pretilt angles by the first and second
cured layers.

[0014] In an exemplary embodiment of the present inven-
tion, the first and second cured layers may be formed by
curing reactive mesogen (“RM”) included in the liquid crystal
layer.

[0015] Inexemplary embodiments of the present invention,
the pixel electrode may include a plurality of slit patterns. The
common electrode may be disposed on a whole surface of the
opposite substrate.

[0016] In an exemplary embodiment of the present inven-
tion, the pixel electrode may include a connection electrode
portion and a plurality of sub-electrode portions. The connec-
tion electrode portion divides a pixel area into a plurality of
sub-pixel areas. The sub-electrode portions extend in differ-
ent directions from the connection electrode portion, and
define a plurality of domains.

[0017] In an exemplary embodiment of the present inven-
tion, there is provided a method of manufacturing the LCD
panel. In the method, a liquid crystal layer is formed between
adisplay substrate including a pixel electrode and an opposite
substrate including a common electrode. The liquid crystal
layer includes a plurality of liquid crystal molecules and
reactive mesogen (“RM”). A first cured layer cured at various
pretilt angles and a second cured layer cured at various pretilt
angles are formed on the display substrate and the opposite
substrate, respectively.

[0018] Inexemplary embodiments of the present invention,
in order to form the first and second cured layers, an electric
field may be formed at the liquid crystal layer by applying a
pixel voltage to the pixel electrode and applying a common
voltage to the common electrode. Further, an intensity of the
electric field may be changed while irradiating light to the
liquid crystal layer.

[0019] A voltage level of the pixel voltage may gradually
decrease from a level higher than that for operating the liquid
crystal layer in full white mode to zero to change the intensity
of the electric field. The applying time of the pixel voltage
may be changed according to the decreasing pixel voltage.
[0020] Alternatively, the voltage level of the pixel voltage
may gradually increase from a voltage level lower than a
critical voltage level for operating the liquid crystal layer in
full white mode to a voltage level for operating the liquid
crystal layer in full white mode to change the intensity of the
electric field. The applying time of the pixel voltage may be
changed according to the increasing pixel voltage.

[0021] Inexemplary embodiments of the present invention,
in order to form the first and second cured layers, the energy
level of light irradiated to the liquid crystal layer may be
changed while applying a pixel voltage to the pixel electrode
and applying a common voltage to the common electrode.
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The voltage level of the pixel voltage may be substantially the
same as a voltage level for operating the liquid crystal layer in
full white mode. The energy level of the irradiated light may
gradually decrease from a high energy level to a low energy
level.

[0022] In an exemplary embodiment of the present inven-
tion, the light may be ultraviolet (UV) light.

[0023] In an exemplary embodiment of the method, a
switching device connected to a gate line and a data line
intersecting each other may be formed on a first base sub-
strate. A passivation layer may be formed on the first base
substrate on which the switching device is formed. A pixel
electrode including a transparent conductive material may be
formed on the first base substrate on which the passivation
layer is formed. A first alignment layer may be formed on the
first base substrate on which the pixel electrode is formed.
Further, a color filter layer may be formed on a second base
substrate. A common electrode including a transparent con-
ductive material may be formed on the second base substrate
on which the color filter layer is formed. A second alignment
layer may be formed on the second base substrate on which
the common electrode is formed.

[0024] In an exemplary embodiment of the present inven-
tion, the pixel electrode may include a connection electrode
portion and a plurality of sub-electrode portions. The connec-
tion electrode portion is electrically connected to the switch-
ing device, and divides a pixel area into a plurality of sub-
pixel areas. The sub-electrode portions extend in different
directions from the connection electrode portion, and define a
plurality of domains.

[0025] According to exemplary embodiments of the
present invention, a cured layer cured at various pretilt angles
is formed on each of a display substrate and an opposite
substrate, so that side visibility may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features and advantages of the
present invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings.

[0027] FIG. 1 is a plan view illustrating an exemplary
embodiment a liquid crystal display (“LCD”) panel in accor-
dance with the present invention;

[0028] FIG. 2 is a cross-sectional view of the LCD panel
taken along line I-I' in FIG. 1;

[0029] FIG. 3 is a flowchart for describing an exemplary
embodiment of a method of manufacturing the LCD panel
illustrated in FIG. 2;

[0030] FIGS.4A and 4B are cross-sectional views illustrat-
ing a display substrate to describe an exemplary embodiment
of a method of manufacturing the display substrate illustrated
in FIG. 2;

[0031] FIGS.5A and 5B are cross-sectional views illustrat-
ing an opposite substrate to describe an exemplary embodi-
ment of a method of manufacturing the opposite substrate
illustrated in FIG. 2;

[0032] FIG. 6 is a graph for describing an exemplary
embodiment of a variation of reactive mesogen (“RM”) con-
tent according to an exposure condition in an exposure pro-
cess;

[0033] FIG. 7 is a graph for describing an exemplary
embodiment of a variation of a pixel voltage according to
exposure level;
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[0034] FIG. 8 is a cross-sectional view illustrating an LCD
panel to describe an exemplary embodiment of a distribution
of the liquid crystal molecules when no electric field is
applied to the LCD panel illustrated in FIG. 1;

[0035] FIGS.9A and 9B are cross-sectional views illustrat-
ing an LCD panel to describe an exemplary embodiment ofa
method of forming the cured layer in the LCD panel illus-
trated in FIG. 1;

[0036] FIG. 10 is a graph showing an exemplary embodi-
ment of a front contrast ratio according to an exposure con-
dition in an exposure process;

[0037] FIG. 11 is a graph for describing an exemplary
embodiment of a distribution of black luminance according to
viewing angles;

[0038] FIGS. 12A and 12B are graphs showing a response
time according to an exposure condition; and

[0039] FIG. 13 is a flowchart for describing another exem-
plary embodiment of a method of manufacturing the LCD
panel in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the present invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. In the
drawings, the sizes and relative sizes of layers and regions
may be exaggerated for clarity.

[0041] It will be understood that when an element or layer
1s referred to as being “on” or “connected to” another element
or layer, it can be directly on or connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. Like numerals
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0042] It will be understood 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 region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0043] 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
operation in addition to the orientation depicted in the figures.
For example, if the device in the figures is turned over, ele-
ments described as “lower” relative to other elements or fea-
tures would then be oriented “upper” relative to the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
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device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0044] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0045] Exemplary embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized exemplary
embodiments (and intermediate structures) of the present
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, exemplary
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the present disclo-
sure.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0047] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0048] Hereinafter, embodiments of the present invention
will be explained in detail with reference to the accompany-
ing drawings.

[0049] FIG. 1 is a plan view illustrating a liquid crystal
display (“LCD”) panel in accordance with the present inven-
tion. FIG. 2 is a cross-sectional view of the LCD panel taken
along line I-I' in FIG. 1.
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[0050] Referring to FIGS. 1 and 2, an LCD panel in accor-
dance with the present invention includes a display panel 100,
an opposite substrate 200 and a liquid crystal layer 300.
[0051] The display panel 100 includes a first base substrate
110 on which a pixel area PA is disposed. The display panel
100 further includes a gate line GL, a gate insulation layer
120, a data line DL, a switching device TFT, a passivation
layer 140, an organic layer 150, a pixel electrode 160 and a
first alignment layer 170 disposed on the first base substrate
110.

[0052] The gate line GL extends substantially in a first
direction D1 on the first base substrate 110.

[0053] The gate insulation layer 120 is disposed on the first
base substrate 110 to cover the gate line GL and a storage line
STL (not shown). The gate insulation layer 120 is disposed
overlapping and directly contacting an upper surface of the
first base substrate 110.

[0054] The data line DL is disposed on the gate insulation
layer 120, and extends substantially in a second direction D2
intersecting the first direction D1. The second direction D2
may be substantially perpendicular to the first direction D1.
[0055] The switching device TFT includes a gate electrode
GE electrically connected to the gate line GL, a semiconduc-
tor pattern 130 disposed directly on and contacting a portion
of an upper surface of the gate insulation layer 120 corre-
sponding to the gate electrode GE, a source electrode SE
electrically connected to the data line DL, and a drain elec-
trode DE electrically connected to the pixel electrode 160. As
illustrated in F1G. 2, the semiconductor layer 130 is disposed
overlapping an entire of the gate electrode GE. The source
electrode SE and the drain electrode DE are disposed sepa-
rated from each other and overlapping the semiconductor
pattern 130, such as in a layout view. The drain electrode DE
is electrically connected to the pixel electrode 160 through a
contact hole CNT.

[0056] The passivation layer 140 is disposed directly on
portions of the gate insulation layer 120, to cover and overlap
the data line DL and the switching device TFT.

[0057] The organic layer 150 is disposed between the pas-
sivation layer 140 and the pixel electrode 160, and planarizes
the display panel 100.

[0058] The pixel electrode 160 is disposed directly on and
contacting the organic layer 150. The pixel electrode 160 may
contact portions of an upper surface of the organic layer 150,
and surfaces of the organic layer 150 disposed facing the
contact hole CNT. In an exemplary embodiment, the pixel
electrode 160 may include a transparent conductive material.
The pixel electrode 160 is electrically connected to the drain
electrode DE of the switching device TFT through the contact
hole CNT, formed completely through the organic layer 150
and exposing the drain electrode DE.

[0059] Referring to FIGS. 1 and 2, the pixel electrode 160
includes a connection electrode portion 161 and a plurality of
a sub-electrode portion 165.

[0060] The connection electrode portion 161 is electrically
connected to the drain electrode DE of the switching device
TFT through the contact hole CNT. The connection electrode
portion 161 divides the pixel area PA into a plurality of
sub-pixel areas. In the illustrated exemplary embodiment, the
connection electrode portion 161 has the shape ofa cross, and
divides the pixel area PA into four sub-pixel areas. The con-
nection electrode portion 161 may include a first portion
extending substantially in the first direction D1, and a second
portion extending substantially in the second direction D2.
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The first and section portions of the connection electrode
portion 161 may intersect each other at a central portion of the
pixel area PA, to form the cross shape.

[0061] The sub-electrode portions 165 protrude from the
connection electrode portion 161, and extend toward edges of
the pixel area PA, such as toward a gate line GL and/or a data
line DL. The sub-electrode portions 165 are electrically con-
nected to the switching device TFT by the connection elec-
trode portion 161. In an exemplary embodiment, a size of the
sub-electrode portion 165 may be approximately several
micrometers. Directly adjacent two sub-electrode portions
165 define a slit determining an alignment direction of liquid
crystal molecules when an electric field is applied to the liquid
crystal layer 300.

[0062] The connection electrode portion 161 and the sub-
electrode portions 165 may be disposed as a single, continu-
ous and indivisible unit in the pixel area PA.

[0063] The sub-electrode portions 165 extend in different
directions from the connection electrode portion 161 to define
a plurality of domains. In the illustrated embodiment, when
the pixel area PA is divided by the connection electrode
portion 161 into four sub-pixel areas, the sub-electrode por-
tions 165 of a single sub-pixel area may extend in directions
inclined at about 45 degrees, 135 degrees, 225 degrees and
315 degrees, respectively, with respect to the connection elec-
trode portion 161 extending in a direction substantially par-
allel with the direction in which the gate line extends. The
inclined sub-electrode portions 165 within a single sub-pixel
area may be disposed substantially orthogonal to inclined
sub-electrode portions 165 within an adjacent single sub-
pixel area. The inclined sub-electrode portions 165 within a
single first sub-pixel area may be disposed extending oppo-
sitely to inclined sub-electrode portions 165 within a single
second sub-pixel area disposed diagonal from the single first
sub-pixel area. Accordingly, the pixel area PA may be divided
by the connection electrode portion 161 and the sub-electrode
portions 165 into four domains.

[0064] Referring to FIG. 2, the first alignment layer 170 is
disposed on the first base substrate 110 on which the pixel
electrode 160 is disposed. The first alignment layer 170 may
vertically align the liquid crystal molecules of the liquid
crystal layer 300 when no electric field is applied to the liquid
crystal layer 300. The first alignment layer 170 directly con-
tacts portions of an upper surface of the organic layer 150 and
the pixel electrode 160, and side surfaces of the sub-electrode
portions 165.

[0065] The opposite substrate 200 is disposed to face the
display substrate 100.

[0066] The opposite substrate 200 may include a second
base substrate 210, a light-blocking pattern 220, a color filter
layer 230, an overcoat layer 240, a common electrode 250 and
a second alignment layer 260.

[0067] The light-blocking pattern 220 is disposed directly
on and contacting a lower surface of the second base substrate
210, corresponding to the gate line GL, the data line DL and
the switching device TFT. In a layout view, the light-blocking
pattern 220 may overlap an entire of, or a portion of, the gate
line GL, the data line DL and the switching device TFT.

[0068] Thecolor filter layer 230 is disposed directly on and
contacting portions of the lower surface of the second base
substrate 210, corresponding to the pixel electrode 160. In a
layout view, the color filer layer 230 may overlap a whole of
the pixel electrode 160 including the sub-electrode portions
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165. In an exemplary embodiment, the color filter layer 230
may include red, green and blue color filters.

[0069] The overcoat layer 240 is disposed between the
commor electrode 250 and the second base substrate 210 on
which the light-blocking pattern 220 and the color filter layer
230 are directly disposed. The overcoat layer 240 may be
disposed overlapping a whole of the second base substrate
210.

[0070] In an exemplary embodiment, the common elec-
trode 250 includes a transparent conductive material. The
common electrode 250 is disposed on the second base sub-
strate 210 on which the overcoat layer 240 is disposed. The
common electrode 250 faces the pixel electrode 160, and may
be disposed on the whole surface of the second base substrate
210, and the common electrode may not include any slit
patterns unlike the pixel electrode discussed previously. A
common voltage Vcom is applied to the common electrode
250.

[0071] The second alignment layer 260 is disposed on the
common electrode 250. The second alignment layer 260 may
vertically align liquid crystal molecules of the liquid crystal
layer 300 when no electric field is applied to the liquid crystal
layer 300.

[0072] The liquid crystal layer 300 is interposed between
the display substrate 100 and the opposite substrate 200. The
liquid crystal layer 300 includes the liquid crystal molecules,
and may furtherinclude reactive mesogen (“RM”). The RM is
a photosensitive compound. In an exemplary embodiment,
the RM disposed in the liquid crystal layer 300 may react to
light, such as ultraviolet (“UV”) light, and form a first cured
layer 180 and a second cured layer 270 on the first and second
alignment layers 170 and 260, respectively. The first cured
layer 180 may define an uppermost layer of the display sub-
strate 100, and the second cured layer 270 may define a
lowermost layer of the opposite substrate 200. Each of the
first cured layer 180 and the second cured layer 270 may
overlap a whole ofthe first and second base substrates 110 and
210.

[0073] The first cured layer 180 is disposed directly on the
first alignment layer 170, and the second cured layer 270 is
disposed directly on the second alignment layer 260. In an
exemplary embodiment, the first and second cured layers 180
and 270 may have various pretilt angles.

[0074] FIG. 3 is a flowchart for describing an exemplary
embodiment of a method of manufacturing the LCD panel
illustrated in FIG. 2. FIGS. 4A and 4B are cross-sectional
views illustrating a display substrate to describe an exemplary
embodiment of a method of manufacturing the display sub-
strate illustrated in FIG. 2. FIGS. 5A and 5B are cross-sec-
tional views illustrating an opposite substrate to describe an
exemplary embodiment a method of manufacturing the oppo-
site substrate illustrated in FIG. 2.

[0075] Referring to FIGS. 3 and 4A, the display substrate
100 including the pixel electrode 160 formed on the first base
substrate 110 is provided (step S110). In one exemplary
embodiment, a gate metal layer is formed on the first base
substrate 110. The gate metal layer is patterned to form a gate
metal pattern including the gate line GL and the gate electrode
GE. The gate insulation layer 120 is formed on the first base
substrate 110 on which the gate metal pattern is formed. The
semiconductor pattern 130 is formed on the first base sub-
strate 110 on which the gate insulation layer 120 is formed. A
source metal layer is formed on the first base substrate 110 on
which the semiconductor pattern 130 is formed. The source
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metal layer is patterned through a photolithographic process
to form a source metal pattern including the data line DL, the
source electrode SE and the drain electrode DE. The passiva-
tion layer 140 is formed on the first base substrate 110 on
which the source metal pattern is formed. The passivation
layer 140 may include silicon nitride, silicon oxide, etc.
[0076] Referring to FIGS. 3 and 4B, the organic layer 150 is
formed on the first base substrate 110 on which the passiva-
tion layer 140 is formed. In one exemplary embodiment, the
organic layer 150 may include a positive-type photoresist
composition. The passivation layer 140 and the organic layer
150 may be etched to form the contact hole CNT exposing the
drain electrode DE. A transparent conductive layer is formed
on the first base substrate 110 on which the contact hole CNT
is formed. The transparent conductive layer is patterned to
form the pixel electrode 160 including the connection elec-
trode portion 161 and the plurality of a sub-electrode portion
165. The first alignment layer 170 is formed on the first base
substrate 110 on which the pixel electrode 160 is formed.
[0077] Referring to FIGS. 3 and 5A, the opposite substrate
200 including the common electrode 250 is provided (step
S120). In one exemplary embodiment, the light-blocking
layer 220 is formed on the second base substrate 210, corre-
sponding to the gate line GL, the data line DL and the switch-
ing device TFT. The color filter layer 230 is formed on the
second base substrate 210 on which the light-blocking layer
2201s formed. The color filter layer 230 may be formed in the
pixel area PA, and may include red, green and blue color
filters. The overcoat layer 240 is formed on the second base
substrate 210 on which the color filter layer 230 is formed.
The overcoat layer 240 compensates a step difference of the
color filter layer 230 to planarize the second base substrate
210.

[0078] Referring to FIGS. 3 and 5B, the common electrode
250 including a transparent conductive material is formed on
the second base substrate 210 on which the overcoat layer 240
1s formed. The common electrode 250 may not be patterned,
and may be formed on the whole surface of the second base
substrate 210. The second alignment layer 260 is formed on
the common electrode 250. The second alignment layer 260
may vertically align the liquid crystal molecules of the liquid
crystal layer 300.

[0079] Thedisplay substrate 100 and the opposite substrate
200 are combined. The liquid crystal molecules and the RM
may be injected between the combined display substrate 100
and opposite substrate 200 to form theliquid crystal layer 300
(step S130).

[0080] The first and second cured layers 180 and 270 are
formed on the first and second alignment layers 170 and 260
(step S140). The firstand second cured layers 180 and 270 are
disposed directly adjacent to the liquid crystal layer 300 and
the first and second alignment layers 170 and 260.

[0081] In anexemplary embodiment, a process of forming
the first and second cured layers 180 and 270 may be as
follows. A pixel voltage is applied to the pixel electrode 160,
and a common voltage is applied to the common electrode
250, in order to generate an electric field at the liquid crystal
layer 300 (step S142). While light is irradiated to the liquid
crystal layer 300, the intensity of the electric field formed at
the liquid crystal layer 300 is changed at substantially a same
time, so that the first and second cured layers 180 and 270 are
formed to have various pretilt angles (step S144). The energy
of the light irradiated to the liquid crystal layer 300 may be
unchanged, and remain substantially constant.
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[0082] Theintensity ofthe electric field may be changed by
adjusting the level of the pixel voltage applied to the pixel
electrode 160. The voltage level of the pixel voltage may be
gradually decreased from a level relatively higher than that
for operating the liquid crystal layer 300 in full white mode,
to zero. In one exemplary embodiment, the voltage level for
operating the liquid crystal layer 300 in full white mode may
be about 30V (volts).

[0083] Alternatively, in order to change the intensity of the
electric field, the voltage level of the pixel voltage may be
gradually increased from a level relatively lower than the
lowest level (i.e., critical voltage level) for operating the lig-
uid crystal layer 300, to the level for operating the liquid
crystal layer 300 in full white mode. In one exemplary
embodiment, the lowest voltage level for operating the liquid
crystal layer 300 may be about 2.5V (volts). The pixel voltage
may be in a range of about 0 V to about 50 V.

[0084] Table 1 to Table 4 show exposure conditions for
forming the first and second cured layers 180 and 270 accord-
ing to exemplary embodiments of the present invention.

TABLE 1
Pixel Voltage Applying Time Irradiation Energy
% 60 seconds 2.28 joules ()
6V 60 seconds 2.28 joules ()
5V 60 seconds 2.28 joules ()
4V 60 seconds 2.28 joules ()
3V 60 seconds 2.28 joules ()
2V 60 seconds 2.28 joules ()
v 60 seconds 2.28 joules ()
0ov 632 seconds 24.04 joules ()
TABLE 2
Pixel Voltage Applying Time Irradiation Energy
10ov 30 seconds 1.14 joules (T)
9V 30 seconds 1.14 joules (I)
8V 30 seconds 1.14 joules (T)
7V 30 seconds 1.14 joules (T)
6V 30 seconds 1.14 joules (I)
5V 30 seconds 1.14 joules (I)
4V 30 seconds 1.14 joules (T)
3V 30 seconds 1.14 joules (I)
2V 30 seconds 1.14 joules (I)
1v 30 seconds 1.14 joules (T)
ov 752.63 seconds 28.6 joules ()
TABLE 3
Pixel Voltage Applying Time Irradiation Energy
10V 90 seconds 3.42 joules (T)
8V 45 seconds 1.71 joules (T)
6V 30 seconds 1.14 joules (7)
4V 15 seconds 0.57 joule (T}
2V 15 seconds 0.57 joule (T}
ov 752.63 seconds 32.59 joules (T)
TABLE 4
Pixel Voltage Applying Time Irradiation Energy
1v 30 seconds 1.14 joules (J)
2V 30 seconds 1.14 joules (J)



US 2010/0053526 A1l

TABLE 4-continued

Pixel Voltage Applying Time Irradiation Energy
3V 30 seconds 1.14 joules ()
4V 30 seconds 1.14 joules ()
5V 30 seconds 1.14 joules ()
3% 30 seconds 1.14 joules ()
7V 30 seconds 1.14 joules ()
8V 30 seconds 1.14 joules ()
9V 30 seconds 1.14 joules ()

10V 30 seconds 1.14 joules ()
ov 752.63 seconds 28.6 joules (1)
[0085] Referring to Table 1 to Table 4, the voltage level of

the pixel voltage may be gradually decreased from the rela-
tively high voltage level to the low voltage level, and the
applying time of the pixel voltage and the irradiation energy
of the light may be unchanged, as shown in Table 1.

[0086] In another exemplary embodiment, as shown in
Table 2, the initial voltage level of the pixel voltage may be
higher than that shown in Table 1. Further, the applying time
of the pixel voltage may be shorter that that shown in Table 1,
and the irradiation energy of the light may be smaller that that
shown in Table 1.

[0087] Instill another exemplary embodiment, the voltage
level of the pixel voltage may be gradually decreased at an
interval of 2V from the initial voltage level, and the applying
time of the pixel voltage and the irradiation energy of the light
may be changed as shown in Table 3.

[0088] Alternatively, the voltage level of the pixel voltage
may be gradually increased from the low voltage level to the
high voltage level as shown in Table 4.

[0089] While the voltage level of the pixel voltage is gradu-
ally changed, light having substantially the same (e.g., con-
stant) irradiation energy may be irradiated to the liquid crystal
layer 300, as shown in Table 1, Table 2 and Table 4. Alterna-
tively, light whose irradiation energy is changed according to
the voltage level of the pixel voltage may be irradiated to the
liquid crystal layer 300 as shown in Table 3. When the pixel
voltage having a relatively high voltage level is applied, and
the light having high irradiation energy is irradiated to the
liquid crystal layer 300, the time required to cure the RM may
be reduced.

[0090] FIG. 6 is a graph for describing an exemplary
embodiment of a variation of RM content according to an
exposure condition in an exposure process.

[0091] In FIG. 6, a horizontal axis (x-axis) represents an
exposure condition, particularly, the energy level of light
irradiated to the liquid crystal layer 300 and whether an elec-
tric field is applied to the liquid crystal layer 300. A vertical
axis (y-axis) represents the RM content included in the liquid
crystal layer 300. In the horizontal axis (x-axis), “B” repre-
sents an exposure without an electric field, and “W” repre-
sents an exposure with an electric field. The numbers on the
horizontal axis represent the energy level of light irradiated to
the liquid crystal layer 300. For example, “B0” represents that
the energy level of light is zero and no electric field is applied
to the liquid crystal layer 300. That is, “BO” represents the
state before beginning the exposure process. “W9IB30” rep-
resents that light having an energy level of 9 I is irradiated to
the liquid crystal layer 300 with an electric field applied
thereto in a first exposure process, and light having an energy
level of 30 J is irradiated to the liquid crystal layer 300 without
an electric field in a second exposure process.
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[0092] Referring to FIG. 6, it can be seen that that the RM
content included in the liquid crystal layer 300 decreases as
the exposure level (i.e., irradiating energy) increases. The
pixel voltage may be changed as the following Equation 1,
taking the time required to cure the RM into consideration.

Y=A(e)

[0093] InEquation 1, “Y” represents a changed pixel volt-
age, and “A” represents an initial pixel voltage. The initial
pixel voltage may be in a range of 0 V to about 50 V. “B”
represents a slope, and the slope may be in a range of about
0.05 to about 10. “x” represents the exposure level.

[0094] FIG. 7 is a graph for describing an exemplary
embodiment of a variation of a pixel voltage according to
exposure level.

[0095] InFIG. 7, ahorizontal axis (x-axis) represents expo-
sure level, and a vertical axis (y-axis) represents a ratio of a
variable pixel voltage to the initial pixel voltage. A first curve
CV1 represents a variation of a pixel voltage according to the
exposure level when the slope (B) is 10. A second curve CV2
represents a variation of a pixel voltage according to the
exposure level when the slope (B) is 0.6147. A third curve
CV3 represents a variation of a pixel voltage according to the
exposure level when the slope (B) is 0.05. The pixel voltage
may be exponentially changed as in the graph shown in FIG.
7. However, the present invention is not limited to the illus-
trated embodiment. In an alternative exemplary embodiment,
the pixel voltage may be linearly changed.

[0096] FIG. 8 is a cross-sectional view illustrating an LCD
panel to describe the distribution of the liquid crystal mol-
ecules when no electric field is applied to the LCD panel
illustrated in FIG. 1. FIGS. 9A and 9B are cross-sectional
views illustrating an LCD panel to describe a method of
forming the cured layer in the LCD panel illustrated in FIG. 1.
[0097] Referring to FIG. 8, when any voltage is not applied
to the pixel electrode 160 and the common electrode 250 (i.e.,
in a state with no electric field), the liquid crystal molecules
310 of the liquid crystal layer 300 may be aligned in a vertical
direction, or substantially perpendicular to the first and sec-
ond base substrates 110 and 210. The liquid crystal layer 300
includes the RM 320.

[0098] Referring to FIGS. 9A and 9B, while a pixel voltage
is applied to the pixel electrode 160 and a common voltage is
applied to the common electrode 250, UV light is irradiated to
the liquid crystal layer 300 as indicated by the downward
arrows in F1IG. 9A. When the voltage level of the pixel voltage
is changed during the irradiation of the light, the intensity of
the electric field formed at the liquid crystal layer 300 is
changed, so that angles at which the liquid crystal molecules
310 are tilted, become various. The liquid crystal molecules
310 do not have the same tilt angle, but have various tilt
angles.

[0099] The RM 320 initially included in the liquid crystal
layer 300 is cured by the UV light to form the first and second
cured layers 180 and 270 directly on the first and second
alignment layers 170 and 260, respectively. The liquid crystal
molecules 310 adjacent to respective first and second align-
ment layers 170 and 260, are essentially fixed to the first and
second cured layers 180 and 270, and have the various tilt
angles as described above. The liquid crystal molecules 310
fixed to the first and second cured layers 180 and 270 are
considered as pretilted in an LCD device, as illustrated in
FIG. 9B, even when no electric field is applied to the liquid
crystal layer 300.

[Equation 1]
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[0100] FIG. 10 is a graph showing an exemplary embodi-
ment of a front contrast ratio according to an exposure con-
dition in an exposure process. FIG. 11 is a graph for describ-
ing an exemplary embodiment of a distribution of black
luminance according to viewing angles.

[0101] Referring to FIGS. 10 and 11, reference (Ref) is an
LCD panel including a cured layer having the same pretilt
angle. The cured layer of the reference (Ref) is formed while
a pixel voltage is fixed at a voltage level for operating the
liquid crystal layer 300 in full white mode. Sample 1 (S#1) is
an LCD panel including a cured layer cured at various pretilt
angles, and the cured layer of Sample 1 (S#1) is formed
according to the exposure condition shown in Table 1. Sample
2 (S#2) is an LCD panel including a cured layer cured at
various pretilt angles, and the cured layer of Sample 2 (S#2)
is formed according to the exposure condition shown in Table
2. Sample 3 (S#2) is an LCD panel including a cured layer
cured at various pretilt angles, and the cured layer of Sample
3 (S#3) is formed according to the exposure condition shown
in Table 3. Sample 4 (S#4) is an LCD panel including a cured
layer cured at various pretilt angles, and the cured layer of
Sample 4 (5#4) is formed according to the exposure condition
shown in Table 4.

[0102] As shown in FIG. 10, in the LCD panels of Samples
1, 2, 3 and 4 (S#1, S#2, S#3, S#4) according to exemplary
embodiments of the present invention, it can be seen that that
the contrast ratio in front (i.e., front contrast ratio) is similar to
the front contrast ratio of the LCD panel corresponding to the
reference (Ref).

[0103] Referring to FIG. 11, it can be seen that that levels of
black luminance in side of the Samples 1, 2, 3 and 4 (S#1, S#2,
S#3, S#4) are lower than the level of black luminance in side
of the LCD panel corresponding to the reference (Ref). The
contrast ratio is defined as a ratio of white luminance to black
luminance. Since the white luminance is substantially the
same, the contrast ratio is estimated from the black lumi-
nance. As shown in FIG. 11, the levels of black luminance in
side of Samples 1 to 4 (S#1, S#2, S#3, S#4) are lower than the
level of black luminance in side of the LCD panel correspond-
ing to the reference (Ref). The lower level of black luminance
in side represents that the side contrast ratio is large and a side
light leakage of the LCD panel is small. Advantageously,
when an exposure condition according to the illustrated
exemplary embodiments of the present invention is applied to
a method of manufacturing an LCD panel, the side contrast
ratio may be improved and the side light leakage of the LCD
panel may be reduced.

[0104] A difference of response time (RT) of liquid crystal
molecules between the LCD panel of the reference (Ref) and
the samples according to exemplary embodiments of the
present invention was examined. It is noted that the cured
layer of the reference (Ref) is formed while a pixel voltage is
fixed at a voltage level for operating the liquid crystal layer
300 in full white mode, and the cured layer according to the
present invention is formed while the pixel voltage is
changed.

[0105] FIGS. 12A and 12B are graphs showing exemplary
embodiments of a response time according to an exposure
condition.

[0106] FIG. 12A shows average gray-to-gray response
times (RT_AVG) of the liquid crystal molecules according to
an exposure condition. “Gray-to-gray response time” repre-
sents a response time of the liquid crystal molecules when a
gray level of displayed images is changed from one to
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another. The average gray-to-gray response times (RT_AVG)
is calculated as follows. The gray levels (for example, 0to 256
gray levels) are divided into predetermined groups (for
example, 8 groups), and the gray-to-gray response times are
measured in each of the groups. Herein, the “average gray-
to-gray response time” is an average of the measured gray-
to-gray response times. As shown in FIG. 12A, it can be seen
that that the average gray-to-gray response times of Samples
1 to 4 (S#1, S#2, S#3, S#d) are substantially similar to, or
faster than the average gray-to-gray response time of the
reference LCD panel (Ref).

[0107] FIG. 12B shows total response times required to
display all of the gray levels (for example, 0 to 256 gray
levels). The total response times of Samples 1 to 3 (S#1, S#2,
S#3) were slightly different from the total response time of
the reference LCD panel (Ref), but the total response time of
the Sample 4 (S#4) was slower than that of the reference LCD
panel (Ref). When the voltage level of the pixel voltage may
gradually increase from the low voltage level to the high
voltage level as shown in Table 4 (i.e., Sample 4), the side
light leakage may be effectively reduced, but the response
time may be somewhat slow. However, when the voltage level
of the pixel voltage may gradually decrease from the high
voltage level to the low voltage level as shown in Tables 1, 2
and 3 (i.e., Samples 1, 2 and 3), the side light leakage may be
effectively reduced, and the response time was also excellent.
[0108] According to the present invention, a slit pattern is
not formed on the common electrode 250, and thus a pattern-
ing process for the common electrode 250 may be advanta-
geously omitted, thereby reducing manufacturing time and
costs. A misalignment between the display substrate 100 and
the opposite substrate 200 may be reduced or effectively
prevented. Further, the first and second cured layers 180 and
270 have various pretilt angles, so that the side light leakage
may be reduced or effectively prevented. Therefore, the qual-
ity of images displayed by an LCD panel may be advanta-
geously improved.

[0109] FIG. 13 is a flowchart for describing another exem-
plary embodiment of a method of manufacturing the LCD
panel in accordance with the present invention.

[0110] The method described with reference to FIG. 13
may be substantially the same as the method described with
reference to FIGS. 3, 4A,4B, 5A and 5B except for a method
of forming the first and second cured layers. Therefore, the
same reference numbers are used for the same or similar
elements, and any further descriptions concerning the same or
similar elements as those shown in FIGS. 3, 4A, 4B, 5A and
5B will be omitted.

[0111] Referring to FIGS. 4A, 4B, 5A, 5B and 13, the
display substrate 100 including the pixel electrode formed on
the first base substrate 110 is provided (step S210).

[0112] The opposite substrate 200 including the common
electrode 250 is provided (step S220).

[0113] Thedisplay substrate 100 and the opposite substrate
200 are combined. The liquid crystal molecules and the RM
may be injected between the combined display substrate 100
and opposite substrate 200 to form the liquid crystal layer 300
(step S230).

[0114] While a pixel voltage for displaying full white
image is applied to the pixel electrode 160 and a common
voltage is applied to the common electrode 250 (i.e., with
operating the liquid crystal layer 300 in a white mode), UV
light is irradiated to the liquid crystal layer 300 at substan-
tially a same time. In the illustrated exemplary embodiment,
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the energy of the irradiated light is adjusted to form the first
and second cured layers 180 and 270 cured at various pretilt
angles, directly on the first and second alignment layers 170
and 260, respectively (step S240). The energy level of the
light may be gradually decreased from the relatively high
energy level to the relatively low energy level. Alternatively,
the energy level of the light may gradually increase from the
relatively low energy level to the relatively high energy level.
In consideration of the response time of the liquid crystal
molecules described above, it is preferable that the energy
level of the light gradually decrease from the high energy
level to the low energy level.

[0115] Theirradiation time of light may be substantially the
same in each energy level. Alternatively, the irradiation time
of light may be changed according to the energy level. In one
exemplary embodiment, the irradiation time of the light hav-
ing a high energy level is longer than the irradiation time of
the light having a low energy level. The irradiation time may
gradually decrease as the energy level of the light decreases.

[0116] An exemplary embodiment of manufacturing an
LCD panel may include a process of irradiating light having
a high energy level to the liquid crystal layer 300 to cure
remaining RM that is not cured in the liquid crystal layer 300,
while no electric field is applied thereto.

[0117] In the illustrated exemplary embodiments, an LCD
structure including LC molecules of an L.C layer which are
pre-tilted, without having a patterned common electrode,
may be formed by forming curing layers through an exposure
process of the LC layer which includes reactive mesogen
(RM). Since the pre-tilted condition of the LC molecules is
imparted by processing the LC layer having specific material
characteristics (e.g., including the RM), such a process to the
LC layer is considered to impart the distinct structural char-
acteristic of pre-tilted condition of the L.C molecules of the
final LCD structure.

[0118] According to the exemplary embodiments of the
present invention, in an exposure process for forming cured
layers on a pixel electrode and a common electrode, an elec-
tric field applied to the liquid crystal layer is changed or an
energy field of light irradiated to the liquid crystal layer is
changed, so that the cured layers have various pretilt angles.
Therefore, a side viewing angle may be increased, and the
side light leakage may be reduced. Accordingly, the quality of
an image displayed by an LCD panel may be improved.

[0119] The foregoing is illustrative of the present disclo-
sure and is not to be construed as limiting thereof. Although a
few exemplary embodiments of the present invention have
been described, those skilled in the art will readily appreciate
that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the present disclosure. Accord-
ingly, all such modifications are intended to be included
within the scope of the present disclosure as defined in the
claims.

[0120] In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents but
also equivalent structures. Therefore, it is to be understood
that the foregoing is illustrative of the present disclosure and
is not to be construed as limited to the specific exemplary
embodiments disclosed, and that modifications to the dis-
closed exemplary embodiments, as well as other exemplary
embodiments, are intended to be included within the scope of
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the appended claims. Embodiments of the present invention
are defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A liquid crystal display (“LCD”) panel comprising:

a display substrate including a pixel electrode disposed in
apixel area, and a first cured layer disposed on the pixel
electrode, the first cured layer being cured at various
pretilt angles;

an opposite substrate facing the display substrate, and
including a common electrode and a second cured layer
disposed on the common electrode, the second cured
layer being cured at various pretilt angles; and

a liquid crystal layer interposed between the display sub-
strate and the opposite substrate, the liquid crystal layer
including a plurality ofliquid crystal molecules pretilted
at the various pretilt angles by the first and second cured
layers.

2. The LCD panel of claim 1, wherein the first and second
cured layers are disposed on the display substrate and the
opposite substrate, respectively, by curing reactive mesogen
(“RM”) included in the liquid crystal layer.

3. The LCD panel of claim 1, wherein the pixel electrode
includes a plurality of slit patterns, and the common electrode
is disposed on a whole surface of the opposite substrate.

4. The LCD panel of claim 1, wherein the pixel electrode
includes:

a connection electrode portion dividing the pixel area into

a plurality of sub-pixel areas; and

a plurality of sub-electrode portions extending in different
directions from the connection electrode portion, and
defining a plurality of domains.

5. A method of manufacturing an LCD panel, the method

comprising:

forming a liquid crystal layer between a display substrate
including a pixel electrode and an opposite substrate
including a common electrode, the liquid crystal layer
including a plurality of liquid crystal molecules and
reactive mesogen (“RM”); and

forming a first cured layer cured at various first pretilt
angles and a second cured layer cured at various second
pretilt angles on the display substrate and the opposite
substrate, respectively.

6. The method of claim 5, wherein the forming the first and

second cured layers includes:

forming anelectric field at the liquid crystal layer by apply-
ing a pixel voltage to the pixel electrode and applying a
common voltage to the common electrode; and

changing an intensity of the electric field while irradiating
light to the liquid crystal layer as substantially a same
time.

7. The method of claim 6, wherein a voltage level of the
pixel voltage gradually decreases from a level higher than a
voltage level for operating the liquid crystal layer in full white
mode to zero, to change the intensity of the electric field.

8. The method of claim 7, wherein an applying time of the
pixel voltage is changed according to the decreasing pixel
voltage.

9. The method of claim 6, wherein a voltage level of the
pixel voltage gradually increases from a voltage level lower
than a critical voltage level for operating the liquid crystal
layer in full white mode to a voltage level for operating the
liquid crystal layer in full white mode, to change the intensity
of the electric field.



US 2010/0053526 A1l

10. The method of claim 9, wherein an applying time of the
pixel voltage is changed according to the increasing pixel
voltage.

11. The method of claim 5, wherein the forming the first
and second cured layers includes changing an energy level of
light irradiated to the liquid crystal layer, while applying a
pixel voltage to the pixel electrode and applying a common
voltage to the common electrode.

12. The method of claim 11, wherein a voltage level of the
pixel voltage is substantially the same as a voltage level for
operating the liquid crystal layer in full white mode.

13. The method of claim 11, wherein the energy level of the
irradiated light gradually decreases from a high energy level
to a low energy level.

14. The method of claim 6, wherein the light is ultraviolet
light.

15. The method of claim 5, further comprising:

forming a switching device connected to a gate line and a

data line intersecting each other on a first base substrate;
forming a passivation layer on the first base substrate on
which the switching device is formed,

forming a pixel electrode comprising a transparent conduc-

tive material on the first base substrate on which the
passivation layer is formed; and
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forming a first alignment layer on the first base substrate on
which the pixel electrode is formed, the first alignment
layer being disposed between the first cured layer and
the first base substrate.

16. The method of claim 15, further comprising:

forming a color filter layer on a second base substrate;

forming a common electrode comprising a transparent
conductive material on the second base substrate on
which the color filter layer is formed; and

forming a second alignment layer on the second base sub-
strate on which the common electrode is formed, the
second alignment layer being disposed between the sec-
ond cured layer and the second base substrate.

17. The method of claim 15, wherein the pixel electrode

includes:

aconnection electrode portion electrically connected to the
switching device, the connection electrode portion
dividing a pixel area into a plurality of sub-pixel areas;
and

a plurality of sub-electrode portions extending in different
directions from the connection electrode portion, and
defining a plurality of domains.

® ok % % 0%



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

REBLRER (LCD" ) EAREEE RER , X ERMREE. ERER
BREGERBRANE-BLE. F-BILEEREZHAMAA. NEERE
BAHBRANE_ELER. F-EEEEEHHMA. REZSER

REERERRESESE

US20100053526A1

US12/418876

ZEdaTHAatt

ZEHTHERLE

=EDISPLAY CO., LTD.

KYE MYEONG HA
LYU JAE JIN
SOHN JI WON

KYE, MYEONG-HA
LYU, JAE-JIN
SOHN, JI-WON

GO02F1/1337

2010-03-04

2009-04-06

patsnap

GO02F1/133707 GO02F1/133753 G02F1/133788 G02F2203/30 G02F2001/133761 GO2F2001/134345

G02F2001/133726

1020080084027 2008-08-27 KR

uS8760607

Espacenet USPTO

F-NE-ELEAZTHTAMAATEANN S MNRED

Fo

— T——+——CNI

A~L



https://share-analytics.zhihuiya.com/view/9539bfb2-6ee9-4b2a-8ca2-ad11511ee98b
https://worldwide.espacenet.com/patent/search/family/041724918/publication/US2010053526A1?q=US2010053526A1
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=%2220100053526%22.PGNR.&OS=DN/20100053526&RS=DN/20100053526

