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(57) ABSTRACT

In a method of manufacturing a display substrate and a
method of manufacturing a display panel, the display sub-
strate includes a color filter layer disposed on a base substrate
within a pixel area, a first organic insulating pattern disposed
on a first boundary area between adjacent pixel areas, a pixel
electrode disposed on the color filter layer, and a first blocking
pattern disposed on the first organic insulating pattern.
Accordingly, an organic insulating layer corresponding to the
pixel area is removed so that deterioration of the display
quality by impurities generated from the organic insulating
layer may be minimized. In addition, a stepped portion of a
blocking pattern disposed between a pixel area and a bound-
ary area of a plurality of the pixel areas is reduced so that
motion blurring of a liquid crystal may be prevented.
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DISPLAY SUBSTRATE, METHOD OF
MANUFACTURING THE SAME AND
METHOD OF MANUFACTURING DISPLAY
PANEL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/782,986, filed on May 19, 2010 and claims
priority from and the benefit of Korean Patent Application
No. 10-2009-0102083, filed on Oct. 27, 2009, which are both
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to a display substrate, a method of manufacturing the
display substrate, and a method of manufacturing a display
panel. More particularly, exemplary embodiments of the
present invention relate to a display substrate is improving
display quality, a method of manufacturing the display sub-
strate, and a method of manufacturing a display panel.
[0004] 2. Discussion of the Background

[0005] Generally, a liquid crystal display device includes a
liquid crystal display panel displaying an image by using the
light transmittance of a liquid crystal layer and a backlight
assembly disposed under the liquid crystal display panel to
provide the liquid crystal display panel with light. The liquid
crystal display panel includes an array substrate, a color filter
substrate facing the array substrate and a liquid crystal layer
interposed between the array substrate and the color filter
substrate.

[0006] Recently, a color filter on array (COA) structure and
a black matrix on array (BOA) structure have been reported.
In the COA structure, a color filter is formed on the array
substrate. In the BOA structure, a color filter and a black
matrix are formed on the array substrate. According to the
COA structure or the BOA structure, it is not required to
consider an alignment margin for an upper substrate so an
aperture ratio of a pixel may be increased. Moreover, a struc-
ture of the upper substrate is simple so that manufacturing
costs may be reduced.

[0007] Recently, a low-dielectric organic thin film is used
as a protecting layer or an insulating layer of a thin-film
transistor for the liquid crystal display device, so that image
quality and an aperture ratio may be improved by reducing
parasitic capacitance. However, since the color filter or the
black matrix is formed on the array substrate, a stepped por-
tion between the color filter and the black matrix causes a
motion blur malfunction of a liquid crystal display. In addi-
tion, when an organic insulating layer is exposed to ultraviolet
(UV) radiation, impurities (for example, gases that are gen-
erated from the decomposition of the organic insulating layer)
may cause display quality deterioration.

SUMMARY OF THE INVENTION

[0008] Exemplary embodiments of the present invention
provide a substrate for improving display quality.

[0009] Exemplary embodiments of the present invention
also provide a substrate having an organic insulating layer
corresponding to a pixel area that is removed to minimize
deterioration of display quality by impurities generated from
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the organic insulating layer. In addition, a stepped portion of
a blocking pattern formed between a pixel area and a bound-
ary area of a plurality of the pixel areas is reduced so that
motion blurring of a liquid crystal may be prevented.

[0010] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0011] An exemplary embodiment of the present invention
discloses a display substrate comprising a color filter layer
disposed on a substrate and within a pixel area; a first organic
insulating pattern disposed on the substrate in a position
corresponding to a first boundary area between adjacent pixel
areas; a pixel electrode disposed on the color filter layer; and
a first blocking pattern disposed on the first organic insulating
pattern.

[0012] An exemplary embodiment of the present invention
also discloses a method of manufacturing a display substrate
that comprises forming a color filter layer on a substrate and
within a pixel area, the substrate comprising a switching
element; forming an organic insulating layer on the substrate
comprising the color filter layer; forming a first organic insu-
lating pattern by removing the organic insulating layer from
an area corresponding to the color filter layer and removing a
partial thickness of the organic insulating layer from a first
boundary area in the pixel area; forming a pixel electrode on
the substrate, the pixel electrode being electrically connected
to the switching element; forming a first blocking pattern on
the first organic insulating pattern; and forming a column
spacer on the color filter layer.

[0013] An exemplary embodiment of the present invention
further discloses a method of manufacturing a display panel
that comprises providing a first substrate. The first substrate
comprises a color filter layer disposed on the first substrate
and within a pixel area, the first substrate comprising a
switching element; an organic insulating layer disposed on
the color filter layer; a pixel electrode electrically connected
to the switching element; and a first blocking pattern disposed
in a boundary area between adjacent pixel electrodes. The
method further comprises providing a second substrate com-
prising a common electrode disposed on a second base sub-
strate; interposing a liquid crystal composition between the
first substrate and the second substrate; and irradiating the
first substrate and the second substrate with light to form a
first reactive mesogen layer on the first substrate and a second
reactive mesogen layer on the second substrate, wherein the
liquid crystal composition comprises a reactive mesogen
comprising at least one compound selected from the group
consisting of

X1 X2 X3 X4
M@Y RI,
R2—<:I:E>—R1,
R2 @—Cﬂz ORl, and
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-continued

wherein R1 and R2 independently represent an acrylate
group, a vinyl group, or an epoxy group; Y represents
—(CH2)-, —O—, —CO—, —C(CF3)2-, or a single bond;
X1, X2, X3, and X4 independently represent H or F; and n
represents an integer ranging from 0 to 2.

[0014] TItistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG. 1 is a plan view showing a display panel
according to an exemplary embodiment of the present inven-
tion.

[0017] FIG.2isacross-sectional view taken alongalineI-I'
of the display panel of FIG. 1.

[0018] FIGS. 3A, 3B, 3C, 3D, 3E, 3F, and 3G are cross-
sectional views showing a process for forming a first substrate
of FIG. 2.

[0019] FIG. 4 is a cross-sectional view showing a process
for forming a second substrate of FIG. 2.

[0020] FIGS. 5A, 5B, and 5C are cross-sectional views
showing a process for forming the display panel of FIG. 2.
[0021] FIG. 6 is a plan view showing a display panel
according to another exemplary embodiment of the present
invention.

[0022] FIG. 7 is a cross-sectional view taken along a line
II-IF of the display panel of FIG. 6.

[0023] FIGS. 8A, 8B, and 8C are cross-sectional views
showing a process for forming a first substrate of FIG. 7.
[0024] FIG. 9 is a cross-sectional view showing a display
panel according to another exemplary embodiment of the
present invention.

[0025] FIGS.10A and 10B are cross-sectional views show-
ing a process for forming a first substrate of FIG. 9.

[0026] FIG. 11 is a cross-sectional view showing a display
panel according to another exemplary embodiment of the
present invention.

[0027] FIGS.12A and 12B are cross-sectional views show-
ing a process for forming a first substrate of FIG. 11.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
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relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0029] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
orlayer, it can be directly on or directly 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.
[0030] 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.
[0031] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(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, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0032] The terminology used herein is for the purpose of
describing particular example 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.

[0033] Example embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized example
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, example embodi-
ments of the present invention should not be construed as
limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing. Thus, the regions illustrated in the fig-
ures 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 invention.

[0034] 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
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which this invention 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.

[0035] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0036] FIG. 1 is a plan view showing a display panel
according to an exemplary embodiment of the present inven-
tion. FIG. 2 is a cross-sectional view taken along a line I-I' of
the display panel of FIG. 1. Referring to FIGS. 1 and 2, the
display panel includes a first substrate 100, a second substrate
200, and a liquid crystal layer 300.

[0037] The first substrate 100 includes a gate line GLn, a
data line DL.m, a storage line STL, a first switching element
SW1, a second switching element SW2, a third switching
element SW3, a gate insulating layer 120, an active layer 130,
a passivation layer 140, a color filter layer 150, an inorganic
insulating layer 160, an organic insulating pattern 170, a pixel
electrode, a blocking pattern 190, and a column spacer 195;
all of which are formed on a first base substrate 101.

[0038] A first gate line GL1 and a second gate line GL.2 are
extended in a first direction. The second gate line GL2 is
disposed adjacent to the first gate line GL1. The first data line
DL1 and the second data line DL2 are extended in a second
direction crossing the first direction. The second data line
DL2 is disposed adjacent to the first data line LD1.

[0039] The first switching element SW1 is adjacent to an
area where the first gate line GL1 and the first data line DL.1
cross. A pixel area includes a first sub-pixel area 111 and a
second sub-pixel area 112. The first switching element SW1
is disposed on a boundary area between a first pixel area and
a second pixel area. A first gate electrode GE1 of the first
switching element SW1 is connected to the first gate line
GL1. A first source electrode SE1 is connected to the first data
line DL1. A first sub-pixel electrode PE1 is electrically con-
nected to a is first drain electrode DE1 through a first contact
hole CNT1.

[0040] Thesecond switching element SW2 is adjacent to an
area where the first gate line GL1 and the first data line DL.1
cross. The first switching element SW1 is disposed on a
boundary area between the first sub-pixel area 111 and the
second sub-pixel area 112. A second gate electrode GE2 is
connected to the first gate lines GL1. A second source elec-
trode SE2 of the second switching element SW2 is connected
to the first data line DL1 and the first source electrode SE1. A
second sub-pixel electrode PE2 is electrically connected to a
second drain electrode DE2 through a second contact hole
CNT?2. The second sub-pixel electrode PE2 is disposed on a
second sub-pixel area 112 adjacent to the first sub-pixel area
111.

[0041] The third switching element SW3 is disposed adja-
cent to an area where the second gate line GL.2 and the second
data line DL2 cross. The third switching element SW3 is
disposed on a boundary area between the first sub-pixel area
111 and the second sub-pixel area 112. A third gate electrode
GE3 of the third switching element SW3 is connected to the
second gate line GL2. A third source electrode SE3 is con-
nected to the first data line DL1 and the second drain electrode
DE2. A third drain electrode DE3 is connected to the storage
line STL.

[0042] A first storage line STL1 partially overlaps with the
first sub-pixel electrode PE1, and surrounds the first sub-pixel
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area 111. A second storage line STL2 overlaps with the first
and second data lines D1 and DL2. The second storage line
STL2 is electrically connected to the first storage line STL1
through a third contact hole CNT3.

[0043] The gate insulating layer 120 and the passivation
layer 140 are disposed between the first sub-pixel electrode
PE1 and the first storage line STL1.

[0044] The third drain electrode DE3 of the third switching
element SW3 is connected to a first electrode 125 of a down
capacitor Cdown. The first electrode 125 overlaps with the
first storage line STL1. The first storage line STL1 may be
defined as a second electrode of the down capacitor Cdown.

[0045] The first switching element SW1 and the second
switching element SW2 are turned on in response to a first
gate signal applied to the first gate line GL1. The third switch-
ing element SW3 is turned on in response to a second gate
signal applied to the second gate line GL2. When the third
switching element SW3 is turned on, a data voltage charged
through the second sub-pixel electrode is lowered by the
down capacitor Cdown. An area having the first sub-pixel
electrode PE1 may be defined as a high pixel HP of the display
panel. An area having the second sub-pixel electrode PE2
may be defined as a low pixel LP of the display panel.

[0046] The first sub-pixel electrode PE1 includes a first
micro electrode 183a. The first micro electrodes 183a may be
branched from a first body portion 1814 that is extended in a
first direction and a second direction in a cross shape. The first
micro electrodes 183 have a radial shape. The second sub-
pixel electrode PE2 includes a second micro electrode 18354.
The second micro electrodes 1835 may be branched from a
second body portion 1815 having a cross shape. The second
micro electrodes 1835 have a radial shape.

[0047] The gate insulating layer 120 is formed on the first
base substrate 101 having a gate pattern formed thereon. The
gate pattern includes the first gate line GL1, the second gate
lines GL2, the first gate electrode GE1, the second electrode
GE2, and the third gate electrode GE3. The gate insulating
layer 120 covers the gate pattern and the storage line STL.

[0048] The active layer 130 is formed on the gate insulating
layer 120. The active layer 130 is an electric pathway of the
switching element and includes a semiconductor layer having
amorphous silicon (s-Si:H) and an ohmic contact layer hav-
ing amorphous silicon doped with n-type dopants (n+s-Si:H)
formed on the semiconductor layer.

[0049] A source pattern is formed on the first base substrate
101 having the active layer 130 formed thereon. The source
pattern includes the first and the data lines DL1 and DL2, the
first to the third source electrodes SE1, SE2 and SE3, and the
first to the third drain electrodes DE1, DE2 and DE3. The
passivation layer 140 is formed on the first base substrate 101
having the source pattern formed thereon.

[0050] The color filter layer 150 is formed on the first base
substrate 101 having the passivation layer 140 formed
thereon. The color filter layer 150 may be formed on the first
sub-pixel area 111 and the second sub-pixel area 112, which
are defined by the first gate line GL1, the first data line DL1,
the second gate line GL2, and the second data line DL.2. The
color filter layer 150 may include a first color filter layer, a
second color filter layer, and a third color filter layer. The first
to third color filter layers represent different colors. For
example, the first color filter layer, the second color filter, and
the third color filter may represent the colors red, blue, and
green, respectively.
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[0051] The inorganic insulating layer 160 is formed on the
first base substrate 101 having the color filter layer 150
formed thereon and may include silicon nitride (SiN,).

[0052] The organic insulating pattern 170 is formed on the
inorganic insulating layer 160. A first organic insulating pat-
tern is formed on the boundary area between the pixel areas.
A second organic insulating pattern is formed on the bound-
ary area between the first sub-pixel area 111 (defined by the
first gate line GL1 and the first data line DL.1) and the second
sub-pixel area 112 (defined by the second gate line GL2 and
the second data line DL2). The first organic insulating pattern
and the second organic insulating pattern may be referred to
as the organic insulating pattern 170 hereinafter. Since the
organic insulating layer corresponding to the pixel area is
removed, deterioration of the display quality by impurities
generated from the organic insulating layer caused by UV
exposure may be minimized. Removing the organic insulat-
ing layer does not require removal of all traces of the organic
insulating layer.

[0053] The organic insulating pattern 170 planarizes a sur-
face of the first base substrate 101 having the gate lines GLn,
the data lines DLm, and the switching element formed
thereon. When a thickness of the organic insulating pattern
170 is reduced on the boundary area between the first sub-
pixel area 111 and the second sub-pixel area 112, a stepped
portion formed by a blocking pattern disposed between the
first and the second pixel areas and the boundary area of the
first and second pixel areas is reduced so that a motion blur-
ring of a liquid crystal may be prevented.

[0054] The first and second contact holes CNT1 and CNT2
exposing a portion of the first, the second, and the third drain
electrodes DE1, DE2 and DE3 are formed through the
organic insulating pattern 170. The first and second sub-pixel
electrodes PE1 and PE2 are formed on the organic insulating
layer 170 having the first and second contact holes CNT1 and
CNT2 formed therethrough. The first and second sub-pixel
electrodes PE1 and PE2 may include an optically transparent
and electrically conductive material and make contact with
the first and second drain electrodes DE1 and DE2 through
the first and second contact holes CNT1 and CNT?2, respec-
tively. The optically transparent and electrically conductive
material may include, for example, indium tin oxide (ITO) or
indium zinc oxide (IZO).

[0055] A first blocking pattern is formed on the boundary
area of each pixel area on the first base substrate 101. A
second blocking pattern is formed on the boundary area
between the first sub-pixel area 111 having the first pixel
electrode PE1 and the second sub-pixel area 112 having the
second sub-pixel electrodes PE2. The first blocking pattern
and the second blocking pattern are referred to as the blocking
pattern 190 hereinafter. The blocking pattern 190 may block
light that is provided from a lower portion of the first substrate
100 to a liquid crystal layer.

[0056] The column spacer 195 is formed on the first sub-
strate 100 for maintaining a cell gap between the first sub-
strate 100 and the second substrate 200. For example, the
column spacer 195 is formed on the color filter layer 150
adjacent to ann-th data line. The column spacer 195 is formed
from a material identical to the blocking pattern 190.

[0057] The second substrate 200 includes a common elec-
trode 210 formed on a second base substrate 201. The com-
mon electrode 210 may be formed on the entire surface of the
second base substrate 201.
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[0058] The liquid crystal layer 300 is interposed between
the first substrate 100 and the second substrate 200. The liquid
crystal layer 300 includes liquid crystal molecules having
positive dielectric anisotropy. The liquid crystal molecules
may be arranged such that a long axis of the liquid crystal
molecules is substantially vertical to surfaces of the first and
second substrates 100 and 200 when an electric field is not
applied to the liquid crystal layer.

[0059] The display panel according to the present exem-
plary embodiment may include a first alignment layer AL1
(not shown) and a second alignment layer AL2 (not shown)
formed on the first substrate 100 and the second substrate 200,
respectively.

[0060] The first substrate 100 having the first alignment
layer AL1 formed thereon may further include a first reactive
mesogen layer RML1. The liquid crystal molecules may be
pre-tilted by the first reactive mesogen layer RML1 with
respect to a vertical direction to the surfaces of the first and
second substrates 100 and 200. A reactive mesogen that is a
monomer is cured by light to form the first reactive mesogen
layer RML1.

[0061] The second substrate 200 having the second align-
ment layer AL2 formed thereon may further include a second
reactive mesogen layer RML2. The second alignment layer
AL2 and the second reactive mesogen layer RML2 are sub-
stantially similar to the first alignment layer AL1 and the first
reactive mesogen layer RML1 except that both are formed on
the second substrate 200. Accordingly, further description
will be omitted.

[0062] FIGS. 3A, 3B, 3C, 3D, 3E, 3F, and 3G are cross-
sectional views showing a process for forming a first substrate
of FIG. 2.

[0063] Referring to FIGS. 2 and 3A, the gate pattern is
formed on the first base substrate 101. A gate metal is depos-
ited on the first base substrate 101 formed from a glass via a
sputtering process. The gate metal is etched to form the first
and second gate electrodes GE1 and GE2, which are extended
from the first and second gate lines GL1 and GL2, respec-
tively. The storage line STL is formed from a layer identical
to the first and second gate lines GL1 and GL2 on the first base
substrate 101 and is formed from a material identical to the
first and the second gate lines GL1 and GL2.

[0064] The gate insulating layer 120 is formed on the first
base substrate 101 having the gate pattern formed thereon by
a process of plasma enhanced chemical vapor deposition
(PECVD). For example, the gate insulating layer 120 may
include a material such as silicon nitride (SiN,) or silicon
oxide (8i0,). The gate insulating layer 120 has a thickness of
about 3000 A.

[0065] Referring to FIGS. 2 and 3B, the active layer 130
and a source metal layer 135 are sequentially deposited on the
first base substrate 101 having the gate insulating layer 120
formed thereon. The active layer 130 includes a semiconduc-
tor layer having amorphous silicon (s-Si:H) and an ohmic
contact layer having amorphous silicon doped with n-type
dopants (n+s-Si:H) formed on the semiconductor layer.
[0066] A photoresist pattern is formed on the first base
substrate 101 having the source metal layer 135 formed
thereon. The photoresist pattern corresponds to the data line
DLm, the source electrode, and the drain electrode. The pho-
toresist pattern is used to etch the source metal layer 135 so as
to form a source pattern having the data line DL.m, the source
electrode, and the drain electrode. In addition, a channel of
the switching element is formed by an etch-back process.
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[0067] The passivation layer 140 is formed on the first base
substrate 101 having the source pattern formed thereon by a
process of PECVD. For example, the passivation layer 140
may include materials such as silicon nitride (SiN,). The
passivation layer 140 has a thickness of about 1000 A.
[0068] Referring to FIGS. 2 and 3C, the color filter layer
150 is formed on the first base substrate 101 having the
passivation layer 140 formed thereon. The color filter layer
150 is formed corresponding to the pixel area. The color filter
layer 150 may include a first color filter layer, a second color
filter layer, and a third color filter layer. The first color filter
layer, the second color filter, and the third color filter layer
represent different colors. For example, the first color filter
layer, the second color filter layer, and the third color filter
layer represent the colors red, blue, and green, respectively.
The first, the second, and the third color filter layers may be
disposed on each of the pixel areas in order along a first
direction.

[0069] The inorganic insulating layer 160 is formed on the
first base substrate 101 having the color filter layer 150. The
inorganic insulating layer 160 may include a material such as
silicon nitride (SiN,) and has a thickness of about 700 A.
[0070] Referring to FIGS. 2 and 3D, the organic insulating
layer 170 is formed on the first base substrate 101 having the
inorganic insulating layer 160 formed thereon. The organic
insulating layer 170 includes an organic material having a
negative photoresist composed of, for example, an acrylic or
a polyimide compound or composition.

[0071] A mask 10 is disposed to expose the organic insu-
lating layer 170. The mask 10 includes a transparent substrate
11, a blocking part 12, and a half-transmitting part 13. The
transparent substrate 11 transmits light includes a transparent
material, for example, quartz. The blocking part 12 includes a
metal material, for example, chromium.

[0072] The blocking part 12 corresponds to the pixel area.
The half-transmitting part 13 corresponds to the boundary
area of the pixel areas. In addition, the half-transmitting part
13 corresponds to the boundary area of the sub-pixel areas.
[0073] Ultraviolet (UV) light 1 irradiates the mask 10 to
partially cure the organic insulating layer 170 corresponding
to the half-transmitting part 13 so that a partial thickness of
the organic insulating layer 170 remains. The organic insu-
lating layer 170 corresponding to the blocking part 12 is not
cured but is removed to form the organic insulating pattern,
but removing the organic insulating layer does not require
removal of all traces of the organic insulating layer.

[0074] The first, the second, and the third contact holes
CNT1, CNT2, and CNT3 are formed through the passivation
layer 140, the inorganic insulating layer 160, and the organic
insulating pattern 170 corresponding to a pixel unit. The first
and second contact holes CNT1 and CNT2 expose a portion
of the first and second drain electrodes DE1 and DE2. The
third contact hole CNT3 exposes a portion of the storage line
STL. The first and second contact holes CNT1 and CNT2
electrically contact with the first, the second, and the third
drain electrodes DE1, DE2, and DE3 in which are input
terminals of the first, the second, and the third switching
elements SW1, SW2, and SW3, respectively.

[0075] Alternatively, the organic insulating layer 170 may
be patterned by a dry-etching process, and may be removed
by a slit mask.

[0076] Referringto FIGS. 2 and 3E, the pixel electrode 180
corresponding to the each of pixel units is formed on the first
base substrate 101 having the organic insulating pattern 170
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having the first, the second, and the third contact holes CNT1,
CNT2, and CNT3 formed therethrough. The pixel electrode
180 is formed from an optically transparent and electrically
conductive material. The pixel electrode 180 contacts the first
and second drain electrodes DE1 and DE2 through the first
and second contact holes CNT1 and CNT2. The pixel elec-
trode 180 contacts the storage line STL through the third
contact hole CNT3. The optically transparent and electrically
conductive material includes, for example, indium tin oxide
(ITO) and indium zinc oxide (IZO).

[0077] Referring to FIGS. 2 and 3F, the blocking pattern
190 and the column spacer 195 are formed on the first base
substrate 101 having the pixel electrode 180 formed thereon.
The blocking pattern 190 is formed on the boundary area
between adjacent pixel areas. The column spacer 195 is
formed on the color filter layer 150 adjacent to an n-th data
line. The blocking pattern 190 and the column spacer 195 are
simultaneously formed by using a same mask.

[0078] Referring to FIGS. 3 and 3G, the first base substrate
101 may include the first alignment layer AL1 formed on the
pixel electrode 180. The first alignment layer AL1 arranges
the liquid crystal composition of the liquid crystal layer 300 in
a vertical direction with respect to the first base substrate 101.
For example, the first alignment layer AL.1 may include poly-
imide material.

[0079] FIG. 4 is a cross-sectional view showing a process
for forming a second substrate of FIG. 2.

[0080] Referring to FIG. 4, the second substrate 200
includes the common electrode 210 formed on the second
base substrate 201. The common electrode 210 may be
formed on the entire surface of the second base substrate 201.
[0081] The second base substrate 201 may include the sec-
ond alignment layer AL2 disposed on the common electrode
210. The second alignment layer AL2 opposes the first align-
ment layer AL1 and arranges the liquid crystal composition in
the vertical direction relative to the surface of the second
substrate 200.

[0082] FIGS. 5A, 5B and 5C are cross-sectional views
showing a process for forming the display panel of FIG. 2.
[0083] Referring to FIG. 5A, the first substrate 100 and the
second substrate 200 are combined to face to each other. The
liquid crystal composition is interposed between the first and
second substrates 100 and 200 to form the liquid crystal layer
300. Alternatively, the liquid crystal composition may be
dropped on the first substrate 100, and the first substrate 100
and the second substrate 200 combined to interpose the liquid
crystal layer 300 therebetween.

[0084] The liquid crystal composition of the display panel
according to the present exemplary embodiment may further
include a reactive mesogen 302. Examples of the reactive
mesogen 302 is disclosed by U.S. Patent Application Publi-
cation No. 2008/0266503 Al, the contents of which are
hereby incorporated by reference. The reactive mesogen 302
may include at least one compound selected from the group
consisting of the following chemical formulae I, II, III, and IV
shown below.

X1 X2 X3 X4
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wherein R, and R, independently represent an acrylate group,
a vinyl group, or an epoxy group; Y represents —(CH,)—,
—O0—, —CO—,—C(CF;),—, orasingle bond; X, X,, X,
and X, independently represent H or F; and n represents an
integer ranging from O to 2.

[0085] The liquid crystal composition may range from
about 0.05% by weight to about 0.5% by weight of the reac-
tive mesogen 302 based on a total weight of the liquid crystal
composition. When the content of the reactive mesogen 302 is
less than about 0.05% by weight, the reactive mesogen layer
may not be formed adjacent to the alignment layer of the
display panel. When the content of the reactive mesogen 302
is greater than about 0.5% by weight, the reactive mesogen
302 may be cured by light applied from a backlight assembly
(not shown) or by external light so that a residual image may
be created. Therefore, the liquid crystal composition may
range from about 0.05% by weight to about 0.5% by weight of
the reactive mesogen 302 based on a total weight of the liquid
crystal composition.

[0086] Referring to FIG. 5B, when a voltage is applied
between the first substrate 100 and the second substrate 200 to
form an electric field, the liquid crystal molecules 301 and the
reactive mesogen 302 tilt with respect to the direction normal
to the surfaces of the first substrate 100 and the second sub-
strate 200. Light irradiates the first substrate 100 and the
second substrate 200 while a voltage is applied, establishing
an electric field therebetween. The light may be UV wave-
lengths. The reactive mesogen 320 is photopolymerized to be
cured. The light intensity may range from about 3 J/cm? to
about 10 J/em?® of unpolarized UV radiation. When the light
irradiates the liquid crystal layer 300, the liquid crystal mol-
ecules 301 may have a pretilt angle due to the electric field.
Light may continue to irradiate the liquid crystal layer 300
after voltage is no longer applied to the first substrate 100 and
the second substrates 200. Therefore, residual reactive
mesogen is transformed to reduce the amount of reactive
mesogen remaining in the liquid crystal layer 300. For this,
the intensity of unpolarized UV may range from about 20
J/em? to about 60 J/cm?.

[0087] Referring to FIG. 5C, the first reactive mesogen
layer RML1 is formed on the first substrate 100, and the
second reactive mesogen layer RML2 is formed on the sec-
ond substrate 200 after irradiating the light. The first reactive
mesogen layer RML1 is formed on the first alignment layer
AL1. The second reactive mesogen layer RML.2 is formed on
the second alignment layer AL.2. The liquid crystal molecules
301 are pre-tilted by the first and second reactive mesogen
layers RML1 and RML2. Therefore, the liquid crystal mol-
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ecules 310 may obtain a pretilt angle by the first and second
reactive mesogen layers RML1 and RML2 while an electric
field is not applied.

[0088] According to the present exemplary embodiment,
the organic insulating layer corresponding to the pixel area is
removed, and a height of the organic insulating layer corre-
sponding to the boundary area between the pixel areas is
reduced. Therefore, deterioration of display quality by impu-
rities generated from the organic insulating layer may be
minimized, and a stepped portion of a blocking pattern dis-
posed between the pixel area and the boundary area of the
pixel area is reduced, preventing motion blurring of a liquid
crystal. Removal of the organic insulating layer does not
require complete removal of the organic insulating layer.
[0089] FIG. 6 is a plan view showing a display panel
according to another exemplary embodiment of the present
invention. FIG. 7 is a cross-sectional view taken along a line
II-IT' of the display panel of FIG. 6.

[0090] The display panel according to the present exem-
plary embodiment is substantially similar to the display panel
of the previous exemplary embodiment except that a bound-
ary area is not formed between the first sub-pixel electrode
PE1 and the second sub-pixel electrode PE2, and the display
panel is driven by the first switching element SW1 and the
second switching element SW2. Accordingly, the same ref-
erence numerals will be used to refer to the same elements as
those described above, and a detailed explanation will be
omitted.

[0091] The display panel according to the present exem-
plary embodiment includes a first substrate 400, a second
substrate 500, and a liquid crystal layer 600.

[0092] The first substrate 400 includes a gate line GLn, a
data line DLm, a storage line STL, a first switching element
SW1, a second switching element SW2, a gate insulating
layer 420, an active layer 430, a passivation layer 440, a color
filter layer 450, an inorganic insulating layer 460, an organic
insulating pattern 470, a pixel electrode, a blocking pattern
490, and a column spacer 495; all are formed on the first base
substrate 401. The switching element includes the first
switching element SW1 and the second switching element
SW2. The pixel electrode includes the first sub-pixel elec-
trode PE1 and the second sub-pixel electrode PE2.

[0093] The first switching element SW1 is adjacent to an
area where the first gate line GL1 and the first data line DL1
cross. The first gate electrode GE1 of the first switching
element SW1 is connected to the first gate line GL1. The first
source electrode SE1 is connected to the first data line DL1.
The first pixel electrode PE1 is electrically connected to the
first drain electrode DE1 through the first contact hole CNT1.
[0094] The second switching elements SW2 is adjacent to
an area where the first gate line GL1 and the first data line DL.1
cross. The second gate electrode GE2 is connected to the first
gate line GL1. The second source electrode SE2 ofthe second
switching element SW2 is connected to the second data line
DL2. The second drain electrode DE2 is electrically con-
nected to the second sub-pixel electrode PE2 through the
second contact hole CNT2.

[0095] The first switching element SW1 and the second
switching element SW2 are turned on in response to a first
gate signal applied to the first gate line GL1. An area having
the first sub-pixel electrode PE1 may be defined as a high
pixel of the display panel. An area having the second sub-
pixel electrode PE2 may be defined as a low pixel of the
display panel.
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[0096] The second substrate 500 includes the common
electrode 510 formed on the second base substrate 501. The
common electrode 510 may be formed on the entire surface of
the second base substrate 501.

[0097] The liquid crystal layer 600 is interposed between
the first substrate 400 and the second substrate 500. The liquid
crystal layer 600 includes liquid crystal molecules having a
positive dielectric anisotropy. The liquid crystal molecules
may be arranged such that the long axis of the liquid crystal
molecules is substantially vertical to the surfaces of the first
substrate 400 and the second substrate 500 when an electric
field is not applied to the liquid crystal layer.

[0098] FIGS. 8A, 8B, and 8C are cross-sectional views
showing a process for forming a first substrate of FIG. 7.
[0099] Referring to FIG. 8A, the gate pattern having the
gate electrode GE1 and the gate line, the gate insulating layer
420, the active layer 430, and the source pattern having the
source electrode and the first drain electrode DE1 are sequen-
tially deposited on the first base substrate 401 to form the first
switching element SW1. The passivation layer 440 is formed
on the first base substrate 401 having the first switching
element SW1 formed thereon. The color filter layer 450 cor-
responding to the pixel area is formed on the first base sub-
strate 401 having the passivation layer 440 formed thereon.
[0100] Referring to FIG. 8B, the inorganic insulating layer
460 and the organic insulating layer 470 are sequentially
formed on the first base substrate 401 having the color filter
layer 450 formed thereon. The organic insulating layer 470
corresponding to the pixel area is removed by, for example,
UV exposure 1, and the organic insulating layer 470 corre-
sponding to the boundary area of the pixel area is partially
removed by UV exposure 1 to form the organic insulating
pattern 470. Removing the organic insulating layer does not
require complete removal, and some residue of the organic
insulating layer may remain. The first contact hole CNT1 is
formed through the organic insulating pattern 470. The pixel
electrode 480 is electrically connected to the drain electrode
DE1 through the first contact hole CNT1.

[0101] Referring to FIG. 8C, the pixel electrode 480 is
formed on the first base substrate 401 having the organic
insulating pattern 470 formed thereon. The blocking pattern
490 and the column spacer 495 are simultaneously formed on
the first base substrate 401 having the pixel electrode 480 by
using a same mask. The process forming the second substrate
500 and the liquid crystal layer 600 of the display panel in this
embodiment is substantially similar to the process forming
the display panel according to the previous exemplary
embodiment. Accordingly, a detailed explanation will be
omitted.

[0102] According to the present exemplary embodiment,
the organic insulating layer corresponding to the pixel area is
removed, and a height of the organic insulating layer corre-
sponding to the boundary area between the pixel areas is
reduced. Therefore, deterioration of display quality by impu-
rities generated from the organic insulating layer may be
minimized, and a stepped portion of a blocking pattern dis-
posed between the pixel area and the boundary area of the
pixel area is reduced so that motion blurring of a liquid crystal
may be prevented.

[0103] FIG. 9 is a cross-sectional view showing a display
panel according to another exemplary embodiment of the
present invention.

[0104] The display panel according to the present exem-
plary embodiment is substantially similar to the display panel
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described in FIG. 1 except that the organic insulating layer is
formed on the entire surface of the display substrate, and the
inorganic insulating layer is not formed on the color filter
layer so a detailed explanation will be omitted.

[0105] The display panel according to the present exem-
plary embodiment includes the first substrate 700, the second
substrate 800 and the liquid crystal layer 900.

[0106] The first substrate 700 includes the gate line GLn,
the data line DLm, the storage line STL, the first switching
element SW1, the second switching element SW2, the third
switching element SW3, the gate insulating layer 720, the
active layer 730, the passivation layer 740, the color filter
layer 750, the organic insulating layer 770, the pixel elec-
trode, the blocking pattern 790, the column spacer 795, and
the first reactive mesogen layer RML1, all of which are
formed on the first base substrate 701.

[0107] Referringto FIG. 9, the organic insulating layer 770
is formed on the entire surface of the first base substrate 701
having the switching element and the color filter layer 750.
The organic insulating layer 770 includes silicon nitride
(SiN,). The pixel electrode 780, the blocking pattern 790, and
the column spacer 795 are formed by a process identical to a
process for forming the display panel described in FIG. 1.

[0108] The second substrate 800 includes the common
electrode 810 and the second reactive mesogen layer RML.2
formed on the second base substrate 801. The common elec-
trode 810 may be formed on the entire surface of the second
base substrate 801.

[0109] The liquid crystal layer 900 is interposed between
the first substrate 700 and the second substrate 800. The liquid
crystal composition may be dropped on the first substrate 700,
and the first substrate 700 and the second substrate 800 com-
bined to interpose the liquid crystal layer 900 therebetween.

[0110] The liquid crystal composition of the display panel
according to the present exemplary embodiment may include
a reactive mesogen having at least one compound selected
from the group consisting of compounds represented by the
chemical formulae I, II, I1I, and IV. The liquid crystal com-
position may range from about 0.05% by weight to about
0.5% by weight of the reactive mesogen based on a total
weight of the liquid crystal composition.

[0111] FIGS.10A and 10B are cross-sectional views show-
ing a process for forming a first substrate of FIG. 9.

[0112] Referring to FIG. 10A, the gate pattern having the
first gate electrode GE1 and the first gate line GL1, the gate
insulating layer 720, the active layer 730, and the source
pattern having the first source electrode SE1 and the first drain
electrode DE1, the passivation layer 740, the color filter layer
750, and the organic insulating layer 770 are sequentially
formed on the first base substrate 701.

[0113] Referring to FIG. 10B, the contact hole (not shown)
is formed through the organic insulating layer 770. The pixel
electrode 780 is formed on the organic insulating layer 770
having the contact hole formed therethrough. The blocking
pattern 790 and the column spacer 795 are simultaneously
formed on the first base substrate 701 having the pixel elec-
trode 780 by using a same mask.

[0114] The process forming the second substrate 800 and
the liquid crystal layer 900 of the display panel in the present
exemplary embodiment is substantially similar to the process
for forming the display panel described in FIG. 1 so a detailed
explanation will be omitted.
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[0115] FIG. 11 is a cross-sectional view illustrating a dis-
play panel according to another exemplary embodiment of
the present invention.

[0116] The display panel according to the present exem-
plary embodiment is substantially similar to the display panel
described in FIG. 6 except that the organic insulating layer is
formed on the entire surface of the display substrate, and the
inorganic insulating layer is not formed on the color filter
layer.

[0117] The display panel according to the present exem-
plary embodiment includes the first substrate 1100, the sec-
ond substrate 1200, and the liquid crystal layer 1300.

[0118] The first substrate 1100 includes the gate line GLn,
the data line DLm, the storage line STL, the first switching
element SW1, the second switching element SW2, the gate
insulating layer 1120, the active layer 1130, the passivation
layer 1140, the color filter layer 1150, the organic insulating
layer 1170, the pixel electrode, the blocking pattern 1190, the
column spacer 1195, and the first reactive mesogen layer
RML1,; all are formed on the first base substrate 1101.
[0119] Referring to FIG. 11, the organic insulating layer
1170 is formed on the entire surface of the first base substrate
1101 having the switching element SW and the color filter
layer 1150. The organic insulating layer 1170 may include
materials such as silicon nitride (SiN,). The pixel electrode
1180, the blocking pattern 1190, and the column spacer 1195
are formed by a process identical to the process for forming
the display panel described in FIG. 6.

[0120] The second substrate 1200 includes the common
electrode 1210 formed on the second base substrate 1201.
The common electrode 1210 may be formed on the entire
surface of the second base substrate 1201.

[0121] The liquid crystal layer 1300 is interposed between
the first substrate 1100 and the second substrate 1200. The
liquid crystal composition may be dropped on the first sub-
strate 1100, and the first substrate 1100 and the second sub-
strate 1200 are combined to form the liquid crystal layer
1300.

[0122] The liquid crystal composition of the display panel
according to the present exemplary embodiment may include
a reactive mesogen having at least one compound selected
from the group consisting of compounds represented by the
chemical formulae I, II, III, and IV. The liquid crystal com-
position may range from about 0.05% by weight to about
0.5% by weight of the reactive mesogen based on a total
weight of the liquid crystal composition.

[0123] FIGS.12A and 12B are cross-sectional views show-
ing a process for forming a first substrate of FIG. 11.

[0124] Referring to FIG. 12A, the gate pattern having the
first gate electrode GE1 and the gate line, the gate insulating
layer 1120, the active layer 1130, and the source pattern
having the source electrode and the first drain electrode DE1
are sequentially formed on the first base substrate 1101 to
form the first switching element SW1. The passivation layer
1140, the color filter layer 1150, and the organic insulating
layer 1170 are sequentially formed on the first base substrate
1101 having the first switching element SW1.

[0125] Referring to FIG. 12B, the first contact hole is
formed through the organic insulating layer 1170. The pixel
electrode 1180 is formed on the organic insulating layer 1170
having the first contact hole CNT1 formed therethrough. The
blocking pattern 1190 and the column spacer 1195 are simul-
taneously formed on the first base substrate 1101 having the
pixel electrode 1180 by using a same mask.
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[0126] The process forming the second substrate 1200 and
the liquid crystal layer 1300 of the display panel in this
embodiment is substantially similar to the process for form-
ing the display panel described in FIG. 6. Accordingly, any
detailed explanation will be omitted.

[0127] According to exemplary embodiments of the
present invention, an organic insulating layer corresponding
to the pixel area is removed (but not necessarily totally
removed) so that deterioration of display quality by impuri-
ties generated from the organic insulating layer may be mini-
mized. In addition, a stepped portion of a blocking pattern
disposed between a pixel area and a boundary area of a
plurality of the pixel areas is reduced so that motion blurring
of a liquid crystal may be prevented.

[0128] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A display substrate, comprising:

a color filter layer disposed on a substrate and within a pixel
area;

a first organic insulating pattern disposed on the substrate
in a position corresponding to a first boundary area
between adjacent pixel areas;

a pixel electrode disposed on the color filter layer; and

a first blocking pattern disposed on the first organic insu-
lating pattern.

2. The display substrate of claim 1, further comprising a
column spacer disposed on the substrate to maintain a cell
gap, the column spacer comprising a material identical to a
material of the first blocking pattern.

3. The display substrate of claim 1, further comprising an
inorganic insulating layer disposed between the color filter
layer and the pixel electrode.

4. The display substrate of claim 3, wherein the inorganic
insulating layer is disposed between the first organic insulat-
ing pattern and the substrate.

5. The display substrate of claim 3, wherein the pixel
electrode comprises a first sub-pixel electrode disposed in a
first sub-pixel area of the pixel area and a second sub-pixel
electrode disposed in a second sub-pixel area of the pixel area.

6. The display substrate of claim 5, further comprising:

a first switching element electrically connected to the first
sub-pixel electrode; and

a second switching element electrically connected to the
second sub-pixel electrode,

wherein the first switching element and the second switch-
ing element are disposed in a second boundary area
located between the first sub-pixel electrode and the
second sub-pixel electrode.

7. The display substrate of claim 6, further comprising:

a second organic insulating pattern disposed in the second
boundary area; and

a second blocking pattern disposed on the second organic
insulating pattern.

8. The display substrate of claim 7, wherein the inorganic

insulating layer is disposed between the second organic insu-
lating pattern and the substrate.
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9. The display substrate of claim 1, further comprising a
reactive mesogen layer disposed on the pixel electrode, a
reactive mesogen of the reactive mesogen layer arranged at a
pretilt angle.
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