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(57) ABSTRACT

A liquid crystal display device includes: a first insulation
substrate, a color filter disposed on the first insulation sub-
strate and including a stepped region, a passivation layer
disposed on the color filter and including an opening region
overlapping with the stepped region, a pixel electrode dis-
posed on the passivation layer including the opening region,
a second insulation substrate facing the first insulation sub-
strate, a common electrode disposed on the second insulation
substrate and including a cross-shaped cutout, and a liquid
crystal layer disposed between the first and second insulation
substrates.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0167558 filed on Dec. 30,2013, the
disclosure of which is hereby incorporated by reference
herein in its entirety.

(a) TECHNICAL FIELD

[0002] The present disclosure relates to a liquid crystal
display and a manufacturing method thereof.

(b) DISCUSSION OF THE RELATED ART

[0003] Aliquidcrystal display device is currently one of the
most widely used flat panel display devices, and includes two
display panels on which electric field generating electrodes
such as a pixel electrode and a common electrode are formed,
and a liquid crystal layer interposed between the two display
panels.

[0004] The liquid crystal display device displays an image
by generating an electric field on a liquid crystal layer by
applying a voltage to the field generating electrodes, deter-
mining alignment directions of liquid crystal molecules of the
liquid crystal layer through the generated field, and control-
ling polarization of incident light.

[0005] Among the liquid crystal display devices, a verti-
cally aligned mode liquid crystal display device, in which
liquid crystal molecules are aligned so that long axes thereof
are perpendicular to a display panel while no electric field is
applied, has been developed.

[0006] Inthe vertically aligned mode liquid crystal display
device, it is significant to be able to secure a wide viewing
angle, and a method of forming cutouts such as, for example,
minute slits in the field generating electrode may be used to
secure the wide viewing angle.

[0007] Cutouts and protrusions determine tilt directions of
the liquid crystal molecules such that they may be appropri-
ately disposed to create a plurality of domains in which the tilt
directions of the liquid crystal molecules are different,
thereby widening a viewing angle.

SUMMARY

[0008] Exemplary embodiments of the present invention
have been made in an effort to provide a display device with
reduced afterimages and a manufacturing method thereof
without an additional process by removing and suppressing
ionic impurities disposed between a passivation layer and a
color filter.

[0009] A liquid crystal display device according to an
exemplary embodiment of the present invention includes: a
first insulation substrate, a color filter disposed on the first
insulation substrate and including a stepped region, a passi-
vation layer disposed on the color filter and including an
opening region overlapping with the stepped region, a pixel
electrode disposed on the passivation layer including the
opening region, a second insulation substrate facing the first
insulation substrate, a common electrode disposed on the
second insulation substrate and including a cross-shaped cut-
out, and a liquid crystal layer disposed between the first and
second insulation substrates.

Jul. 2, 2015

[0010] The stepped region disposed in the opening region
may have a greater height than a height of the color filter
disposed in regions other than the stepped region.

[0011] The color filter and the pixel electrode may contact
each other in the opening region.

[0012] The pixel electrode may overlap the pixel area and
include a cross-shaped cutout, the pixel electrode may
include a plurality of sub-regions based on edges of the pixel
electrode and the cross-shaped cutout, and the pixel electrode
may include cutouts disposed along the edges of the pixel
electrode.

[0013] The opening region may have a flat plate shapeon a
plane.
[0014] The pixel electrode may have a same shape as a

planar shape of the opening region.

[0015] A height of the opening region may be greater than
about 700 A.
[0016] The display device may further include a first thin

film transistor and a second thin film transistor disposed on
the first insulation substrate and connected to gate lines and
data lines that are insulated from and cross each other, and a
voltage-dividing thin film transistor connected to the gate
lines, the second thin film transistor, and a reference voltage
line.

[0017] The pixel electrode may include: a first pixel elec-
trode connected to the first thin film transistor, and a second
pixel electrode connected to the second thin film transistor
and the voltage-dividing thin film transistor, and the first and
second pixel electrodes may be disposed in a matrix form so
as to form one pixel.

[0018] Liquid crystal molecules of the liquid crystal layer
may be disposed to be nearly perpendicular to surfaces of the
first and second substrates when no electric field is applied to
the liquid crystal layer.

[0019] A manufacturing method of a liquid crystal display
device according to an exemplary embodiment of the present
invention may include: forming a color filter on a first insu-
lation substrate, laminating a passivation layer on the color
filter, forming an opening region by etching the passivation
layer, forming a stepped region by etching the color filter
overlapping with the opening region, forming a pixel elec-
trode on the passivation layer including the opening region,
and forming a common electrode on a second insulation
substrate.

[0020] The stepped region disposed in the opening region
may have a lower height than a height of the color filter
disposed in regions other than the stepped region.

[0021] The etching of the passivation layer and the color
filter and forming a contact hole exposing a drain electrode
may be simultaneously performed.

[0022] One of a halftone mask, a mesh mask, and a slit
mask may be used in etching the passivation layer and the
color filter.

[0023] The common electrode may be formed to overlap
with the pixel electrode and include a cross-shaped cutout, the
pixel electrode may be formed to include a plurality of sub-
regions based on edges of the pixel electrode and the cross-
shaped cutout, and the pixel electrode may be formed to
include cutouts formed along the edges of the pixel electrode.
[0024] The opening region may be formed to have a flat
plate shape on a plane.

[0025] The pixel electrode may be formed to have a same
shape as a planar shape of the opening region.
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[0026] The opening region may be etched such that its
height is greater than about 700 A.

[0027] The manufacturing method may further include
forming a first thin film transistor and a second thin film
transistor on the first insulation substrate and connected to
gate lines and data lines that are insulated from and cross each
other, and forming a voltage-dividing thin film transistor con-
nected to the gate lines, the second thin film transistor, and a
reference voltage line.

[0028] The pixel electrode may include: a first pixel elec-
trode connected to the first thin film transistor; and a second
pixel electrode connected to the second thin film transistor
and the voltage-dividing thin film transistor, and the first and
second pixel electrodes may be disposed in a matrix form so
as to form one pixel.

[0029] The forming of the passivation layer on the color
filter may be performed by using a high-temperature chemi-
cal vapor deposition method.

[0030] According to the liquid crystal display device of
exemplary embodiments of the present invention described
above, a display device with reduced afterimages may be
provided by using the high-temperature chemical vapor depo-
sition method so as to remove or suppress the ionic impurities
generated between the passivation layer and the color filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Exemplary embodiments of the present invention
can be understood in more detail from the following detailed
description taken in conjunction with the attached drawings
in which:

[0032] FIG. 1 is alayout view of a pixel of a liquid crystal
display device according to an exemplary embodiment of the
present invention.

[0033] FIG. 2 is a cross-sectional view of the liquid crystal
display device of FIG. 1 taken along the line II-11.

[0034] FIG. 3 is a cross-sectional view of the liquid crystal
display device of FIG. 1 taken along the line III-III.

[0035] FIG. 4 is a top plan view of a basic region of a field
generating electrode according to an exemplary embodiment
of the present invention.

[0036] FIG.5 isadrawing showing a process for providing
apretilt to liquid crystal molecules by using prepolymers that
are polymerized by light such as ultraviolet rays.

[0037] FIGS. 6 to 10 are cross-sectional views showing a
manufacturing process for the liquid crystal display of FIGS.
1-3 according to an exemplary embodiment of the present
invention.

[0038] FIG.11 is alayout view of a pixel of a liquid crystal
display device according to an exemplary embodiment of the
present invention.

[0039] FIG. 12 is a cross-sectional image of a region in
which a passivation layer is partially removed according to an
exemplary embodiment of the present invention.

[0040] FIGS. 13 to 14 are gray variation graphs of an exem-
plary embodiment of the present invention and a comparative
example.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0041] Exemplary embodiments of present invention will
be described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments
of the invention are shown. As those skilled in the art would
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realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the present invention.

[0042] In the drawings, the thickness of layers, films, pan-
els, regions, etc. may be exaggerated for clarity.

[0043] Like reference numerals designate like elements
throughout the specification.

[0044] It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0045] As used herein, the singular forms, “a”, “an”, and
“the” are intended to include plural forms as well, unless the
context clearly indicates otherwise.

[0046] A liquid crystal display device according to an
exemplary embodiment of the present invention will now be
described with reference to FIGS. 1 to 3.

[0047] FIG. 1 is a layout view of a pixel of a liquid crystal
display device according to an exemplary embodiment of the
present invention, FIG. 2 is a cross-sectional view of the
liquid crystal display device of FIG. 1 taken along the line
II-11, and FIG. 3 is a cross-sectional view of the liquid crystal
display device of FIG. 1 taken along the line III-II1.

[0048] Referring to FIGS. 1 to 3, the liquid crystal display
device according to the exemplary embodiment of the present
invention includes a lower display panel 100 and an upper
display panel 200 facing each other, a liquid crystal layer 3
interposed between these two panels 100 and 200, and a
polarizer attached to an outer side of each of the display
panels 100 and 200.

[0049] The lower display panel 100 will be described first.
[0050] A plurality of gate conductors including, for
example, a gate line 121, a step-down gate line 123, and a
storage electrode line 125 are formed on an insulation sub-
strate 110. In an exemplary embodiment, the insulation sub-
strate 110, may be made of, for example, transparent glass,
quartz, or plastic. Further, in an exemplary embodiment, the
insulation substrate 110 may be, for example, a flexible sub-
strate. Suitable materials for the flexible substrate include, for
example, polyethersulfone (PES), polyethylenenaphthalate
(PEN), polyethylene (PE), polyimide (PI), polyvinyl chloride
(PVC), polyethylene terephthalate (PET), or combinations
thereof.

[0051] The gate line 121 and the step-down gate line 123
mainly extend in, for example, a horizontal direction to trans-
mit a gate signal.

[0052] The gate line 121 includes, for example, a first gate
electrode 124/ and a second gate electrode 1241 protruding
upward and downward, and the step-down gate line 123
includes, for example, a third gate electrode 124¢ protruding
upward.

[0053] The first gate electrode 124/ and the second gate
electrode 1241 are connected with each other to form one
protrusion.

[0054] The storage electrode line 125 mainly extends in, for
example, a horizontal direction to transfer a predetermined
voltage such as a common voltage Vcom.

[0055] The storage eclectrode line 125 includes, for
example, a storage electrode extending along edges of a first
subpixel electrode 191/, and an extended capacitance elec-
trode 126.

[0056] A gate insulating layer 140 is positioned on gate
conductors 121, 123, and 125. For example, the gate insulat-
ing layer 140 may be made of silicon nitride (SiNx), silicon
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oxide (SiOx), silicon oxynitride (SiOxNy), aluminum oxide
(AlOx), yttrium oxide (Y,0;), hafnium oxide (HfOx), zirco-
nium oxide (ZrOx), aluminum nitride (AIN), aluminum
oxynitride (AINO), titanium oxide (TiOx), barium titanate
(BaTiO3), lead titanate (PbTiO;), or a combination thereof.
[0057] A plurality of semiconductors 151 that can be made
of, for example, amorphous silicon or crystalline silicon are
formed on the gate insulating layer 140.

[0058] The semiconductors 151 mainly extend in, for
example, a vertical direction, and include first and second
semiconductors 154/ and 154/ extending toward the first and
second gate electrodes 124/ and 124/ and connected to each
other, and a third semiconductor 154¢ connected to the sec-
ond semiconductor 154/.

[0059] The third semiconductor 154¢ is extended to form a
fourth semiconductor 157.

[0060] A plurality of ohmic contacts are formed on the
semiconductors 151.

[0061] For example, a first ohmic contact is formed on the
first semiconductor 154/, and a second ohmic contact 1645
and a third ohmic contact are respectively formed on the
second semiconductor 154/ and the third semiconductor
154c.

[0062] The third ohmic contact is extended to form a fourth
ohmic contact 167.

[0063] A data conductor including, for example, a plurality
of data lines 171, a plurality of first drain electrodes 1754, a
plurality of second drain electrodes 175/, and a plurality of
third drain electrodes 175¢ is formed on the second ohmic
contact 1645 and the fourth ohmic contact 167.

[0064] The data line 171 for transmitting a data signal
mainly extends in, for example, the vertical direction to cross
the gate line 121 and the step down gate line 123.

[0065] Each data line 171 includes, for example, a first
source electrode 173/ and a second source electrode 173/
extending toward the first gate electrode 124/ and the second
gate electrode 124/.

[0066] The firstdrain electrode 175/, the second drain elec-
trode 175/, and the third drain electrode 175¢ include, for
example, one wide end portion and one rod-shaped end por-
tion.

[0067] The rod-shaped end portions of the first and second
drain electrodes 175k and 175/ are partially enclosed with the
first and second source electrodes 173/ and 173/.

[0068] One wide end portion of the second drain electrode
175/ is extended to form a third source electrode 173¢ curved
in, for example, a “U” shape.

[0069] A wide end portion 177¢ of the third drain electrode
175¢ overlaps the capacitance electrode 126 so as to form a
step-down capacitor Cstd, and the bar-shaped end portion
thereof is partially enclosed with the third source electrode
173c.

[0070] The first, second, and third gate electrodes 124/,
124/, and 124c, the first, second, and third source electrodes
1734, 173/, and 173¢, and the first, second, and third drain
electrodes 1754, 175/, and 175¢ form first, second, and third
thin film transistors (TFT) Qh, Ql, and Qc together with the
island-shaped semiconductors 1544, 154/, and 154c, respec-
tively. A channel of the thin film transistor is formed in each
of the semiconductors 154/, 154/, and 154¢ between each of
the source electrodes 1734, 173/, and 173¢ and each of the
drain electrodes 1754, 175/, and 175¢.

[0071] The semiconductor 151 including the semiconduc-
tors 1545, 154/, and 154c¢ has, for example, substantially the
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same planar shape as the data conductors 171,1754,175/, and
175¢ and the second ohmic contact 1645 and the fourth ohmic
contact 167 therebeneath except for the channel regions
between the source electrodes 1734, 173/, and 173¢ and the
drain electrodes 175k, 175/, and 175¢.

[0072] That is, the semiconductor 151 including the semi-
conductors 154/, 154/, and 154¢ is provided with exposed
portions, which are not covered by the data conductors 171,
1754, 175/, and 175¢, between the source electrodes 1734,
173/, and 173¢ and the drain electrodes 1754, 175/, and 175¢.
[0073] A lower passivation layer 180p made of, for
example, an inorganic insulator such as silicon nitride or
silicon oxide is formed on the data conductors 171, 1754,
175/, and 175¢ and the exposed portions of the semiconduc-
tors 154/, 154/, and 154c. Alternatively, in an embodiment,
the lower passivation layer 180p may instead be made of, for
example, an organic insulator such as benzocyclobutene
(BCB), an acryl-based resin or a combination thereof.
[0074] A color filter 230 is positioned on the lower passi-
vation layer 180p.

[0075] The color filter 230 is disposed in almost every
region except for regions in which the first thin film transistor
(Qh), the second thin film transistor (Ql), and the third thin
film transistor (Qc) are positioned.

[0076] However, each color filter 230 may extend in, for
example, a vertical direction along the neighboring data lines
171.

[0077] Each color filter 230 may display one of primary
colors such as, for example, three primary colors of red,
green, and blue.

[0078] A light blocking member 220 is formed on a region
in which the color filter 230 is not positioned and a part of the
color filter 230.

[0079] The light blocking member 220 is referred to as a
black matrix, and prevents light leakage.

[0080] The light blocking member 220 extends, for
example, along the gate line 121 and the step-down gate line
123 to expand upwardly and downwardly, and includes a first
light blocking member 220a covering a region in which the
first thin film transistor Qh, the second thin film transistor Ql,
and the third thin film transistor Qc are disposed, and a second
light blocking member 2205 extending along the data line
171.

[0081] A height of a part of the light blocking member 220
may be, for example, smaller than the height of the color filter
230

[0082] The color filter 230 is provided with a stepped
region 230q having different heights in one pixel.

[0083] The stepped region 230q is formed together with an
opening 180¢a of an upper passivation layer 180¢, which will
be described later, by etching such that it includes regions
having different heights.

[0084] Thus, the stepped region 230a of the color filter 230
has the same planar shape as the shape of the opening region
180ga of the upper passivation layer 1804.

[0085] For example, the stepped region 230q is integrally
formed when etching is performed to form the opening region
180ga such that it has a smaller height than the height of the
other regions for the color filter 230 other than the stepped
region.

[0086] Thus, the color filter 230 may include a stepped
region 230a having a more or less smaller height, and the
other regions having more or less greater heights than the
stepped region 230a.
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[0087] The upper passivation layer 180q including an inor-
ganic insulator such as, for example, silicon nitride or silicon
oxide is formed on the color filter 230 and the light blocking
member 220. Alternatively, in an embodiment, the upper
passivation layer 180¢ may instead be made of, for example,
an organic insulator such as benzocyclobutene (BCB), an
acryl-based resin or a combination thereof.

[0088] The upper passivation layer 1804 prevents the color
filter 230 and the light blocking member 220 from being
lifted, and suppresses contamination of the liquid crystal
layer 3 by an organic material such as a solvent flowing from
the color filter 230 to prevent defects such as an afterimage
which may be caused when an image is displayed.

[0089] Theupper passivation layer 180g includes the open-
ing region 180¢a in which the upper passivation layer 180q is
partially removed.

[0090] The opening region 180ga may be positioned at, for
example, a center of the pixel electrode, such as, at a center of
a cross-shaped cutout 271a of common electrode 270.
[0091] In this case, the opening region 180ga overlaps the
stepped region 230aq of the color filter 230.

[0092] This is because the stepped region 230a of the color
filter 230 and the opening region 180¢a of the upper passiva-
tion layer 180g are formed by the same etching process.
[0093] The opening region 180ga etched by the etching
process as described above may be formed to have any shape,
such as a rhombus or a quadrangle shape as an example. For
example, a thombus-shaped opening region 180ga is illus-
trated in FIG. 1

[0094] In this case, the height of the opening region 180ga
may be greater than, for example, about 700 A.

[0095] This is because of removal of interfacing surfaces of
the laminated color filter 230 and passivation layers 180p and
180¢ may be conventionally required before performing the
etching process.

[0096] The etching process for forming the stepped region
230a of the color filter 230 and the opening region 180ga of
the upper passivation layer 180¢ may remove ionic impurities
generated on the interfacing surfaces of the color filter 230
and the passivation layer 180 during a high-temperature
deposition process.

[0097] Removal of the ionic impurities may result in
reduced afterimages.

[0098] A plurality of first contact holes 185/ and a plurality
of second contact holes 185/ respectively exposing the wide
end portions of the first and second drain electrodes 175/ and
175/ are formed in the lower passivation layer 180p, the light
blocking member 220, and the upper passivation layer 180q.
[0099] A plurality of pixel electrodes 191 are formed on the
upper passivation layer 180g. The pixel electrodes 191 may
be made of, for example, a transparent conductive material
such as indium tin oxide (ITO), indium zinc oxide (IZO),
aluminum zinc oxide (AZO), cadmium tin oxide (CTO), or a
combination thereof.

[0100] The pixel electrode 191 may directly contact the
upper passivation layer 180g in the regions other than the
opening region 180ga, and may directly contact the color
filter 230 in the opening region 180ga.

[0101] The pixel electrode 191 directly contacting the color
filter 230 in the opening region 180ga may prevent the ionic
impurities from being injected into the liquid crystal layer 3.
[0102] In summary, the pixel electrode 191 positioned in
the opening region 180ga and directly contacting the color
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filter 230 may prevent the ionic impurities from coming out of
the exposed stepped region 230a, thereby reducing the after-
images.

[0103] Referring to FIG. 2, the pixel electrodes 191 are
separated from each other while interposing the gate line 121
and the step-down gate line 123 such that they are disposed
above and below the pixel area based on the gate line 121 and
the step-down gate line 123. The pixel electrodes 191 include
a first subpixel electrode 191/ and a second subpixel elec-
trode 191/ neighboring each other in a column direction.
[0104] The pixel electrode 191 is provided with a plurality
of cutouts 91a and 915 formed along the edges thereof.
[0105] Among the plurality of cutouts 91a and 915 of the
pixel electrode 191, the cutout 914 is formed along the edge
of the first subpixel electrode 1914, while the cutout 915 is
formed along the edge of the second subpixel electrode 191/.
[0106] By forming the cutouts 91a and 915 along the edges
of'the pixel electrode 191, the fringe field effect on the edges
of'the first and second subpixel electrodes 191/ and 191/ may
be controlled to adjust a tilt direction of the liquid crystal
molecules disposed in the edges of the first and second sub-
pixel electrodes 191/ and 191/.

[0107] That is, the pixel electrode 191 may include the
cutouts 91a and 915, and the other regions, that is, flat plate-
shaped regions 191a and 1915.

[0108] In this case, the flat plate-shaped regions 191a and
1915 may overlap the opening region 180ga and the stepped
region 230q, and planer shapes of the flat plate-shaped
regions 191a and 1915, the opening region 180qga, and the
stepped region 230a may be identical.

[0109] The first and second subpixel electrodes 191/ and
191/ are applied with the data voltage from the first and
second drain electrodes 1754 and 175/ through the first and
second contact holes 185/ and 185/, respectively.

[0110] The first and second subpixel electrodes 191/ and
191/ determine the direction of the liquid crystal molecules of
the liquid crystal layer 3 between the two electrodes 191 and
270 by generating an electric field along with the common
electrode 270 of the common electrode panel 200.

[0111] Luminance of light passing through the liquid crys-
tal layer 3 may be varied according to the direction of the
liquid crystal molecules described above.

[0112] The first subpixel electrode 1914 and the common
electrode 270 form a first liquid crystal capacitor together
with the liquid crystal layer 3 interposed therebetween, and
the second subpixel electrode 191/ and the common electrode
270 form a second liquid crystal capacitor together with the
liquid crystal layer 3 interposed therebetween, thereby main-
taining the applied voltage even after the first and second thin
film transistors Qh and QI are turned off.

[0113] The first and second subpixel electrodes 191/ and
191/ overlap a storage electrode line 125 to form first and
second storage capacitors, and the first and second storage
capacitors enhance voltage sustaining performance of the
first and second liquid crystal capacitors, respectively.
[0114] The capacitance electrode 126 and the wide end
portion 177¢ of the third drain electrode 175¢ may overlap
each other while interposing the gate insulating layer 140 and
the semiconductor layer 157 therebetween so as to form the
step-down capacitor Cstd.

[0115] Alternatively in an exemplary embodiment of the
present invention, the semiconductor layer 157 disposed
between the capacitance electrode 126 forming the step-
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down capacitor Cstd and the wide end portion 177¢ of the
third drain electrode 175¢ may be removed.

[0116] A colored member 320 is formed on the upper pas-
sivation layer 180q.

[0117] The colored member 320 is disposed above the light
blocking member 220.

[0118] The colored member 320 extends, for example,
along the gate line 121 and the step-down gate line 123 to
expand upwardly and downwardly, and includes a first light
blocking member 2204 covering the area in which the first,
second, and third thin film transistors Qh, Ql, and Qc are
positioned, a first colored member 320qa disposed along a
second light blocking member 2205 extending along the data
line 171, and a second colored member 3205.

[0119] The colored members 320a and 3205 compensate a
height difference between the light blocking member 220 and
the color filter 230 so as to maintain a fixed cell gap between
the liquid crystal layer disposed on the color filter 230 and the
liquid crystal layer disposed on the light blocking member
220, thereby further alleviating light leakage of the light
blocking member 220.

[0120] As describe above, as the step between the light
blocking member 220 and the color filter 230 may disturb
accurate control of the liquid crystal molecules disposed
between the light blocking member 220 and the color filter
230, the colored members 320a and 3205 may compensate
the height difference between the light blocking member 220
and the color filter 230 so as to prevent light leakage generated
on the edges of the pixel electrode 191.

[0121] In addition, as the cell gap on the light blocking
member 220 is decreased, the average cell gap is decreased,
such that the total amount of liquid crystal used in the liquid
crystal display device may be decreased.

[0122] A lower alignment layer is formed on the pixel elec-
trode 191, the exposed upper passivation layer 180¢, and the
colored members 3204 and 3205.

[0123] The lower alignment layer may be, for example, a
vertical alignment layer.

[0124] Next, the upper display panel 200 will be described.
[0125] The common electrode 270 is formed on an insula-
tion substrate 210. In an exemplary embodiment, the insula-
tion substrate 210, may be made of, for example, transparent
glass, quartz, or plastic. Further, in an exemplary embodi-
ment, the insulation substrate 210 may be, for example, a
flexible substrate. Suitable materials for the flexible substrate
include, for example, polyethersulf one (PES), polyethyl-
enenaphthalate (PEN), polyethylene (PE), polyimide (PI),
polyvinyl chloride (PVC), polyethylene terephthalate (PET),
or combinations thereof.

[0126] The common electrode 270 is provided with, for
example, a plurality of cutouts 271a and 2716. The common
electrode 270 may be made of, for example, a transparent
conductive material such as indium tin oxide (ITO), indium
zinc oxide (IZ0), aluminum zinc oxide (AZO), cadmium tin
oxide (CTO), or a combination thereof.

[0127] The cutout 271a of the common electrode 270 is
disposed at a position corresponding to the first subpixel
electrode 191/, while the cutout 2715 is disposed at a position
corresponding to the second subpixel electrode 191/.

[0128] When viewed from a plane, the cutouts 271a and
2715 may have, for example, a cross shape, and edges thereof
may protrude further than edges of the first and second sub-
pixel electrodes 191/ and 191/.
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[0129] As describe above, by forming the edges of the
cutouts of the common electrode 270 to protrude above the
edge of the pixel electrode, the fringe field stably affects the
edge of the pixel area and thus the liquid crystal molecules
may be controlled to be aligned in a desired direction even in
the edges of the pixel area.

[0130] In addition, even if misalignment of the upper and
lower display panels 100 and 200 occurs, the cutouts 271a
and 2715 of the common electrode 270 may overlap with the
first and second subpixel electrodes 191/ and 191/.

[0131] The width of the cutouts 271a and 2715 should be
less than the width of the liquid crystal layer 3, such as, for
example, less than three times the cell gap.

[0132] The regions corresponding to the first and second
subpixel electrodes 191/ and 191/ may be differentiated into
aplurality of subregions by the edges of the cutouts 271a and
271b, the first subpixel electrode 1914, and the second sub-
pixel electrode 191/.

[0133] Anupper alignment layer is formed on the common
electrode 270.
[0134] The upper alignment layer may be, for example, a

vertical alignment layer.

[0135] Two polarizers are provided on outer sides of the
two display panels 100 and 200, and it is beneficial that
transmissive axes of the two polarizers are perpendicular to
each other and one of them is in parallel with the gate line 121.
[0136] However, the polarizer may be positioned on the
outer side of either of the two display panels 100 and 200.
[0137] The liquid crystal layer 3 interposed between the
lower and upper display panels 100 and 200 contains liquid
crystal molecules 31 having negative dielectric anisotropy.

[0138] At least one of the liquid crystal layer 3 and the
lower and upper alignment layers may contain a photoreac-
tive material.

[0139] For example, the photoreactive material may be a
photo-polymerizable material.

[0140] The liquid crystal molecules 31 of the liquid crystal
layer 3 are aligned to be perpendicular to the surfaces of the
two display panels 100 and 200 with respect to their long axes
when no electric field is applied.

[0141] Thus, the incident light does not pass through the
crossed polarizers but is blocked when there is no electric
field.

[0142] The liquid crystal molecules 31 may be initially
aligned to have pretilts such that, for example, the long axes
thereof are disposed, by the cutouts 271a and 2715 of the
common electrode 270 and the subpixel electrodes 191/ and
191/, in a parallel direction toward a central part of the cutouts
271a and 2715 of the cross-shaped common electrode 270
from four portions in which the edges of the respective sub-
pixel electrodes 191/ and 191/ extending in different direc-
tions meet.

[0143] Thus, each of the first and second subpixel elec-
trodes 191/ and 191/ has four subregions having different
pretilt directions of the liquid crystals.

[0144] The liquid crystal display device according to the
present exemplary embodiment of the present invention has
been described in a case in which the cross-shaped cutouts
271a and 27156 are formed in the common electrode, but
exemplary embodiments of the present invention are not lim-
ited thereto. For example, alternatively in an exemplary
embodiment, a case in which the cross-shaped cutouts 271a
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and 27154 are formed in at least one of the pixel electrode 191
as the field generating electrode and the common electrode
270 may be possible.

[0145] For example, the cross-shaped cutouts 271a and
2715 may be formed in the pixel electrode 191, or in both the
pixel electrode 191 and the common electrode 270.

[0146] As described above, the first and second subpixel
electrodes 191/ and 191/ applied with the data voltage may
generate the electric field along with the common electrode
270 of the common electrode display panel 200 such that the
liquid crystal molecules 31 of the liquid crystal layer 3
aligned perpendicular to the surfaces of the two electrodes
191 and 270 when no electric field is present lie down towards
a horizontal direction with respect to the surfaces of the pixel
electrode 191 and the common electrode 270, thereby realiz-
ing varied luminance of light passing through the liquid crys-
tal layer 3 according to a lying degree of the liquid crystal
molecules.

[0147] The liquid crystal display according to the present
exemplary embodiment of the present invention may remove
the ionic impurities generated on the interfacing surface of the
color filter 230 and the upper passivation layer 1804 by form-
ing the opening region 180ga and the stepped region 230a,
such that the liquid crystal display device having reduced
afterimages may be implemented by suppressing an outflow
of the ionic impurities through the pixel electrode 191 posi-
tioned to overlap the opening region 180¢a and the stepped
region 230a.

[0148] Next, referring again to FIG. 1, a manufacturing
method of a liquid crystal display device will now be
described.

[0149] As described above, the first and second switching
elements Qh and QI are three-terminal elements such as, for
example, a thin film transistor such that control terminals
thereof are connected to the gate line 121, input terminals
thereof are connected to the data line 171, an output terminal
of the first switching element Qh is connected to the first
subpixel electrodes 191/, and an output terminal of the sec-
ond switching element Ql is connected to the second subpixel
electrode 191/ and an input terminal of the third switching
element Qc.

[0150] The third switching element Qc is also a three-ter-
minal element such as, for example, a thin film transistor such
that a control terminal thereof is connected to the step-down
gate line 123, the input terminal thereof is connected to the
output terminal of the second switching element QI that is
connected to the second subpixel electrode 191/, and an out-
put terminal thereof is connected to the step-down capacitor
Cstd.

[0151] When a gate-onsignal is applied to the gate line 121,
the first and second switching elements Qh and Q1 connected
thereto are turned on.

[0152] Thus, the data voltage applied to the data line 171 is
applied to the first and second subpixel electrodes 191/ and
191/ through the turned-on first and second switching ele-
ments Qh and Ql.

[0153] Inthis case, the data voltages applied to the first and
second subpixel electrodes 191/ and 191/ are the same in
their magnitudes.

[0154] Thus, the charged voltages for the first and second
liquid crystal capacitors are the same.

[0155] Next, when a gate-off signal is applied to the gate
line 121 and the step-down gate line 123 is applied with the
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gate-on signal, the first and second switching elements Qh
and QI are turned off and the third switching element Qc is
turned on.

[0156] Then, charges move to the step-down capacitor Cstd
from the second subpixel electrode 191/ through the third
switching element Qc.

[0157] Then, the charged voltage of the second liquid crys-
tal capacitor is decreased, and the step-down capacitor Cstd is
charged.

[0158] As the charged voltage of the second liquid crystal
capacitor is decreased by capacitance of the step-down
capacitor Cstd, the charged voltage of the second liquid crys-
tal capacitor becomes lower than the charged voltage of the
first liquid crystal capacitor.

[0159] In this case, the charged voltages of the two liquid
crystal capacitors and represent different gamma curves, and
a gamma curve of one pixel voltage becomes a curve acquired
by combining the different gamma curves.

[0160] A combined gamma curve at the front coincides
with a reference gamma curve at the front which is most
appropriately determined, and a combined gamma curve at
the side becomes closest to the reference gamma curve at the
front.

[0161] As such, side visibility may be increased by con-
verting image data.

[0162] In a display device according to an exemplary
embodiment of the present invention, to differentiate the
charged voltages of the first and second liquid crystal capaci-
tors, includes the third switching element Qc connected to the
output terminal of the second switching element QI that is
connected to the second subpixel electrode 191/ for forming
the second liquid crystal capacitor, and the step-down capaci-
tor Cstd, but exemplary embodiments of the present invention
are not limited thereto. For example, alternatively, a display
device according to an exemplary embodiment of the present
invention may include the third switching element, that is, the
dividing-voltage thin film transistor Qc connected to the sec-
ond liquid crystal capacitor and a dividing reference voltage
line.

[0163] For example, the third switching element including
the first terminal connected to the same gate line 121 as the
first and second switching elements Qh and Ql, the second
terminal connected to the second subpixel electrode 191/ for
forming the second liquid crystal capacitor, and the third
terminal connected to the dividing-voltage capacitor overlap-
ping the dividing reference voltage line is included, and the
charged voltage of the second liquid crystal capacitor is par-
tially divided such that the charged voltage of the liquid
crystal capacitor can be lowered by a difference between the
common voltage and the dividing reference voltage.

[0164] Assuch, the charged voltages of the first and second
liquid crystal capacitor may be differently set.

[0165] In addition, in case of the liquid crystal display
device according to the present exemplary embodiment of the
present invention, the first and second liquid crystal capaci-
tors are respectively connected to different data lines such that
the charged voltages thereof can be differently set.

[0166] In addition to this, the charged voltages of the first
and second liquid crystal capacitors may be differently set by
using various methods.

[0167] The basic area of the field generating electrode of
the liquid crystal display device according to the present
exemplary embodiment of the present invention and its cor-
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responding alignments of the liquid crystal molecules will
now be described with reference to FIGS. 4 and 5.

[0168] FIG. 4 is atop plan view of a basic region of a field
generating electrode according to an exemplary embodiment
of the present invention, and FIG. 5 is a drawing showing a
process for providing a pretilt to liquid crystal molecules by
using prepolymers that are polymerized by light such as ultra-
violet rays.

[0169] As shown in FIG. 4, the basic area of the field
generating electrode includes, for example, the pixel elec-
trode 191 facing a cutout 271 of the common electrode 270,
and a cutout 91 of'the pixel electrode 191 enclosing the cutout
271 of the common electrode 270.

[0170] When viewing the liquid crystal display from above,
a basic region defined by the cutout 271 of the common
electrode 270 and the edges of the pixel electrode 191 may be
divided into, for example, a plurality of small regions Da, Db,
Dc, and Dd, and the plurality of small regions Da, Db, Dc, and
Dd may be symmetrical to each other based on the cutout 271
of the common electrode 270.

[0171] As describe above, the cutout 271 of the common
electrode 270 may have, for example, a cross shape on a
plane, and an edge 272 of the cutout 271 protrudes further
than edges of the pixel electrode 191.

[0172] The cutout 271 of the common electrode 270 may
have, for example, a width of about to about 2 to 4 um.
[0173] The cutout 91 of the pixel electrode 191 is formed
in, for example, a substantially quadrangular ring shape along
the edge of the pixel electrode 191, and is disconnected in the
vicinity of portions which correspond to ends of the cutout
271 of the common electrode 270.

[0174] As such, the portion in which the cutout 91 of the
pixel electrode 191 is disconnected is used as a connection
portion of the pixel electrode 191.

[0175] The connection portion of the pixel electrode 191
has, for example, a larger width than that of the cutout 271 of
the common electrode 270.

[0176] The cutout 91 of the pixel electrode 191 may be
disposed at a position spaced apart from the edge of the pixel
electrode 191 by an interval of, for example, two times or less
the cell gap of the liquid crystal display device, and the width
of'the cutout 91 should be, for example, two times or less the
cell gap of the liquid crystal display device.

[0177] The cutout 91 of the pixel electrode 191 may control
the influence of the fringe field on the edges of the pixel areas
s0 as to adjust a tilt direction of the liquid crystal molecules
disposed in the edges of the pixel electrode 191.

[0178] The width ofthe cross-shaped cutout 271 should be
less than that of the liquid crystal layer 3, such as, for
example, less than three times the cell gap.

[0179] Referring to FIG. 5, an initial aligning method for
the liquid crystal molecules 31 to have pretilts will be
described.

[0180] Prepolymers 330 such as monomers cured by poly-
merization by light such as, for example, ultraviolet light are
injected between the two display panels 100 and 200 together
with a liquid crystal material.

[0181] Inthis case, the prepolymers 330 may be included in
the alignment layer formed between the two display panels
100 and 200 as well as the liquid crystal layer.

[0182] The prepolymers 330 may be, for example, reactive
mesogens that are polymerized by the light such as ultraviolet
light.
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[0183] Next, data voltages are applied to the first and sec-
ond subpixel electrodes 191/ and 191/, and a common volt-
age is applied to the common electrode 270 of the upper
display panel 200 to generate an electric field in the liquid
crystal layer 3 between the two display panels 100 and 200.

[0184] Then, the liquid crystal molecules 31 of the liquid
crystal layer 3 are tilted substantially in parallel with a direc-
tion facing the central portion of the cross-shaped cutout 271
of'the common electrode 270 from four portions where edges
of the pixel electrode 191 extending in different directions
meet, by the fringe field due to the cutout 271 of the common
electrode 270 and the edge of the pixel electrode 191, in
response to the electric field. In addition, tilt directions of the
liquid crystal molecules 31 in one basic area of the field
generating electrode become a total of four.

[0185] That is, the tilt directions of the liquid crystal mol-
ecules 31 in the domains Da, Db, Dc, and Dd are respectively
different from each other.

[0186] The liquid crystal display device according to the
present exemplary embodiment of the present invention has
been described as a case in which the cross-shaped cutout 271
is formed in the common electrode 270, but exemplary
embodiments of the present invention are not limited thereto.
For example, alternatively, in an exemplary embodiment, a
case in which the cross-shaped cutout 271 is formed in at least
one of the pixel electrode 191 as the field generating electrode
and the common electrode 270 may be possible.

[0187] For example, the cross-shaped cutout 271 may be
formed in the pixel electrode 191, or in both the pixel elec-
trode 191 and the common electrode 270.

[0188] In addition, a configuration in which the pixel elec-
trode 191 has, for example, a flat plate shape and the cutouts
are disposed in edges thereof has been described in the
present exemplary embodiment, but exemplary embodiments
of the present invention are not limited thereto.

[0189] That is, the pixel electrode 191 according to exem-
plary embodiments of the present may have any shapes
including the flat plate shape.

[0190] As described above, in the case of the liquid crystal
display according to the present exemplary embodiment of
the present invention, a plurality of subregions having differ-
ent tilt directions of liquid crystals 31 may be formed while
the pixel electrode 191 does not have a plurality of branched
electrodes, such that a viewing angle of the liquid crystal
display may be widened, response speed of the liquid crystal
molecules 31 may be increased by aligning the liquid crystal
molecules 31 so as to be arranged in a predetermined direc-
tion, and visibility, an open ratio, and transmittance may be
increased by dividing the pixel electrode 191 into two elec-
trodes and applying different voltages thereto.

[0191] And then, alignment layers 11 and 21 including
alignment materials are formed on two display panels 100 and
200.

[0192] Inaddition, the liquid crystal display device accord-
ing to the present exemplary embodiment of the present
invention, by forming the opening region 180ga and the
stepped region 230q disposed at positions corresponding to
the flat plate area of the pixel electrode 191, may not only
remove the ionic impurities generated on the interfacing sur-
face of the color filter 230 and the upper passivation layer
1804, but also suppress the outflow of the ionic impurities,
thereby reducing the afterimages.
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[0193] A manufacturing process of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion will now be described with reference to FIGS. 6 to 10.
[0194] FIGS. 6 to 10 are cross-sectional views showing a
manufacturing process for the liquid crystal display of FIGS.
1-3 according to an exemplary embodiment of the present
invention.

[0195] FIGS. 6 to 10 have illustrated only cross-sectional
views of a region in which a first thin film transistor and a
pixel electrode are positioned, but such a manufacturing pro-
cess may also be applied to other regions.

[0196] Firstly, referring to FIG. 6, a gate conductor includ-
ing a first gate electrode 124/ is formed on a substrate 110.
[0197] A gate insulating layer 140 is formed on the gate
conductor including the first gate electrode 1244.

[0198] A plurality of semiconductors 151 including, for
example, a first semiconductor 154/ that can be made of
amorphous silicon or crystalline silicon is formed on the gate
insulating layer 140.

[0199] Forexample, a plurality of ohmic contacts 1634 and
165/ are formed on the semiconductor 151, and a plurality of
data lines 171 including a first source electrode 173/ and a
data conductor including a plurality of first drain electrodes
175h are formed on the ohmic contacts 163/ and 1654
[0200] The first, second, and third gate electrodes 124/,
124/, and 124c, the first, second, and third source electrodes
1734, 173/, and 173¢, and the first, second, and third drain
electrodes 1754, 175/, and 175¢ form first, second, and third
thin film transistors (TFT) Qh, Ql, and Qc together with the
island-shaped semiconductors 1544, 154/, and 154c, respec-
tively. A channel of the thin film transistor is formed in each
of the semiconductors 154/, 154/, and 154¢ between each of
the source electrodes 1734, 173/, and 173¢ and each of the
drain electrodes 1754, 175/, and 175¢.

[0201] The semiconductor 151 including the semiconduc-
tors 1544, 154/, and 154c¢ is formed to have, for example,
substantially the same planar shape as the data conductors
171, 175k, 175/, and 175¢ and the ohmic contacts 163/ and
165/ therebeneath except for the channel regions between the
source electrodes 1734, 173/, and 173¢ and the drain elec-
trodes 1754, 175/, and 175¢.

[0202] That is, the semiconductor 151 including the semi-
conductors 1544, 154/, and 154¢ are provided with exposed
portions, which are not covered by the data conductors 171,
1754, 175/, and 175¢, between the source electrodes 1734,
173/, and 173¢ and the drain electrodes 1754, 175/, and 175c¢.
[0203] Next, referring to FIG. 7, a lower passivation layer
180p is formed on the data conductors 171, 1754, 175/, and
175¢ and the exposed portions of the semiconductors 1544,
154/, and 154¢, and a light blocking member 220 and a color
filter 230 are formed on the lower passivation layer 180p.
[0204] Anupper passivation layer 180 is further laminated
on the color filter 230.

[0205] In this case, the color filter 230 and the upper pas-
sivation layer 180g may be laminated by using, for example,
a chemical vapor deposition method in a high temperature
environment.

[0206] Next, similar to as shown in FIG. 8, a photosensitive
film is spread, and then a photosensitive film pattern is devel-
oped by using, for example, a slit mask.

[0207] As an example in the present specification, the slit
mask has been described, but exemplary embodiments of the
present invention are not limited thereto. For example, in an
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exemplary embodiment, the photosensitive film pattern may
be formed by using a halftone mask, a mesh mask, or a slit
mask.

[0208] Then, a photosensitive film pattern 400 is formed,
and the upper passivation layer 180¢q and the color filter 230
are etched by using it as a mask, as shown in FIG. 9.

[0209] In this case, a first contact hole 185/ is also formed
so as to make the first subpixel electrode 191/ and the first
drain electrode 175/ contact each other.

[0210] As shown in FIG. 10, after performing the etching
process described above, the forming an opening region
180ga in the upper passivation layer 180q and the forming the
contact hole 185/ exposing the drain electrode 175/ are, for
example, simultaneously performed, and a stepped region
230a is formed in the color filter 230.

[0211] That is, the current interfacing surface of the upper
passivation layer 180¢ and the color filter 230 is removed by,
for example, etching.

[0212] Thus, the ionic impurities positioned on the inter-
facing surface are also removed.

[0213] For example, the opening region 180ga and the
stepped region 230a are simultaneously formed, and the
stepped region 230q has a lower height than a height of other
color filter regions 230 other than the stepped region 230a.
[0214] Thus, the color filter 230 positioned in one pixel
may be formed to include the stepped region 230q having a
more or less smaller height, and other regions having more or
less greater heights than the stepped region 230aq.

[0215] In this case, the opening region 180ga may be
formed to have, for example, a height that is greater than
about 700 A.

[0216] This is because removal of an interfacing surface of
the laminated color filter 230 and upper passivation layer
180g may be conventionally required before performing the
etching process.

[0217] Further, when etched by the etching process
described above, the opening region 180¢a may be formed to
have any shape, such as arhombus or a quadrangle shape as an
example. For example, a rhombus-shaped opening region
180ga is illustrated in FIG. 1

[0218] Next, a pixel electrode 191 is formed on the upper
passivation layer 1804 and 180ga to have a structure shown in
FIGS.1to 3.

[0219] That is, a plurality of pixel electrodes 191 are
formed on the upper passivation layer 180¢g, and the pixel
electrode 191 may directly contact the upper passivation layer
1804 in the regions other than the opening region 180ga, and
may directly contact the color filter 230 in the opening region
180ga.

[0220] The present exemplary embodiment illustrates the
pixel electrode 191 including a plurality of cutouts 91a and
914, but exemplary embodiments of the present invention are
not limited thereto. For example, in an exemplary embodi-
ment, the pixel electrode 191 may have various shapes includ-
ing a plurality of fine branch portions.

[0221] However, the pixel electrode 191 should be formed
to cover the opening region 180¢a on the plane.

[0222] This is because inflow of the ionic impurities into
the liquid crystal layer 3 through the opening region 180¢a is
suppressed by the pixel electrode 191.

[0223] FIG. 11 is a layout view of a pixel of a liquid crystal
display device according to an exemplary embodiment of the
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present invention, and a description of the same configura-
tions as in the present exemplary embodiment described
above will be omitted.

[0224] FIG. 11 shows a case in which an opening region
180ga of the upper passivation layer 1804 has a quadrangular
shape.

[0225] Compared with a case of FIG. 1, this case differs

from the case of FIG. 1 in that the opening region 180ga of the
upper passivation layer 180g has a rhombus shape.

[0226] It can be seen that the shape of the opening region
180ga does not influence suppression of the afterimages, and
thus the opening region 180ga may have various shapes.
[0227] However, according to the present exemplary
embodiment, the pixel electrode 191 should have a planar
shape corresponding to a planar shape of the opening region
180ga so as to suppress the inflow of the ionic impurities
through the opening region 180ga.

[0228] That is, the pixel electrode 191 includes a region
having a shape corresponding to planar shapes of the opening
region 180ga and the stepped region 230a.

[0229] In this case, the opening region 180ga and the
stepped region 230a may have a flat plate shape.

[0230] FIG. 12 is a cross-sectional image of a region in
which a passivation layer is partially removed according to an
exemplary embodiment of the present invention.

[0231] In this case, it can be seen that the passivation layer
180q is not only formed with the opening region 180ga, but
the stepped region 230a is also formed to have the same
planar shape.

[0232] Such forming removes the interfacing surface of the
color filter 230 and the passivation layer 180g, thereby
removing the ionic impurities positioned on the interfacing
surface.

[0233] A gray variation according to an exemplary embodi-
ment of the present invention will now be described with
reference to FIGS. 13 and 14.

[0234] FIGS. 13 to 14 are gray variation graphs of an exem-
plary embodiment of the present invention and a comparative
example.

[0235] Referring to FIG. 13, a long term afterimage test is
performed to get a graph showing a test result, and the display
device according to the present exemplary embodiment is
shown as a case 1 while a display device in which the upper
passivation layer does not include the opening region is
shown as a case 2.

[0236] The test result shows that there is a difference of
about 100 gray levels between the case 1 and case 2 at the
beginning, but as time goes by, the case 1 is increased by
about 20 gray levels with respect to the case 2.

[0237] Further, referring to FIG. 14, the display device
according to the present exemplary embodiment is shown as
a case 1 while a display device in which the upper passivation
layer does not include an opening region and the pixel elec-
trode includes a shape of a fine branch portion is shown as a
case 3.

[0238] The test result shows that there is a difference of
about 100 gray levels between the case 1 and case 3 at the
beginning, but as time goes by, the case 1 is increased by
about 50 gray levels with respect to the case 3.

[0239] Accordingly, in the display device according to
exemplary embodiments of the present invention, the ionic
impurities generated in the interfacing surface of the color
filter and the passivation layer may be removed or suppressed,
thereby reducing the afterimages.
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[0240] Having described exemplary embodiments of the
present invention, it is further noted that it is readily apparent
to those of ordinary skill in the art that various modifications
may be made without departing from the spirit and scope of
the invention which is defined by the metes and bounds ofthe
appended claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a first insulation substrate;

a color filter disposed on the first insulation substrate and
including a stepped region;

a passivation layer disposed on the color filter and includ-
ing an opening region overlapping with the stepped
region;

a pixel electrode disposed on the passivation layer includ-
ing the opening region;

a second insulation substrate facing the first insulation
substrate;

a common electrode disposed on the second insulation
substrate and including a cross-shaped cutout; and

a liquid crystal layer disposed between the first and second
insulation substrates.

2. The display device of claim 1, wherein the stepped
region disposed in the opening region has a greater height
than a height of the color filter disposed in regions other than
the stepped region.

3. The display device of claim 1, wherein the color filter
and the pixel electrode contact each other in the opening
region.

4. The display device of claim 1, wherein the pixel elec-
trode includes a plurality of sub-regions based on edges of the
pixel electrode and the cross-shaped cutout, and

the pixel electrode includes cutouts disposed along the
edges of the pixel electrode.

5. The display device of claim 1, wherein the opening

region has a flat plate shape on a plane.

6. The display device of claim 1, wherein the pixel elec-
trode has a same shape as a planar shape of the opening
region.

7. The display device of claim 1, wherein a height of the
opening region is greater than about 700 A.

8. The display device of claim 1, further comprising:

a first thin film transistor and a second thin film transistor
disposed on the first insulation substrate and connected
to gate lines and data lines that are insulated from and
cross each other, and

avoltage-dividing thin film transistor connected to the gate
lines, the second thin film transistor, and a reference
voltage line.

9. The display device of claim 8, wherein the pixel elec-

trode includes:

a first pixel electrode connected to the first thin film tran-
sistor; and

a second pixel electrode connected to the second thin film
transistor and the voltage-dividing thin film transistor,
wherein

the first and second pixel electrodes are disposed in a
matrix form so as to form one pixel.

10. The display device of claim 9, wherein liquid crystal
molecules of the liquid crystal layer are disposed to be nearly
perpendicular to surfaces of the first and second substrates
when no electric field is applied to the liquid crystal layer.

11. A manufacturing method of a liquid crystal display
device, including:
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forming a color filter on a first insulation substrate;

laminating a passivation layer on the color filter;

forming an opening region by etching the passivation

layer;

forming a stepped region by etching the color filter over-

lapping with the opening region;

forming a pixel electrode on the passivation layer including

the opening region; and

forming a common electrode on a second insulation sub-

strate.

12. The method of claim 11, wherein the stepped region
disposed in the opening region has a lower height than a
height of the color filter disposed in regions other than the
stepped region.

13. The method of claim 11, further comprising:

forming a contact hole exposing a drain electrode on the

first insulation substrate, wherein the etching of the pas-
sivation layer and the color filter and the forming of the
contact hole exposing the drain electrode are simulta-
neously performed.

14. The method of claim 11, wherein one of a halftone
mask, a mesh mask, and a slit mask is used in etching the
passivation layer and the color filter.

15. The method of claim 11, wherein the common elec-
trode is formed to overlap with the pixel electrode and include
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a cross-shaped cutout, the pixel electrode is formed to include
a plurality of sub-regions based on edges of the pixel elec-
trode and the cross-shaped cutout, and the pixel electrode is
formed to include cutouts formed along the edges of the pixel
electrode.

16. The method of claim 11, wherein the opening region is
formed to have a flat plate shape on a plane.

17. The method of claim 11, wherein the pixel electrode is
formed to have a same shape as a planar shape of the opening
region.

18. The method of claim 11, wherein the opening region is
etched such that its height is greater than about 700 A.

19. The method of claim 11, further comprising:

forming a first thin film transistor and a second thin film

transistor on the first insulation substrate and connected
to gate lines and data lines that are insulated from and
cross each other; and

forming a voltage-dividing thin film transistor connected to

the gate lines, the second thin film transistor, and a
reference voltage line.

20. The method of claim 11, wherein the forming the
passivation layer on the color filter is performed by using a
high-temperature chemical vapor deposition method.
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