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(57) ABSTRACT

A liquid crystal display device includes first and second sub-
strates spaced apart from and facing each other, gate and data
lines on an inner surface of the first substrate and crossing
each other to define a pixel region, a thin film transistor
adjacent to the crossing of the gate and data lines, a pixel
electrode in the pixel region and including a plurality of slits,
an island pattern over the gate line, a black matrix on an inner
surface of the second substrate, the black matrix correspond-
ing to the gate line, a color filter layer on the black matrix, a
common electrode on the color filter layer, a plurality of ribs
on the common electrode corresponding to the pixel elec-
trode; and a spacer on the common electrode corresponding
to the black matrix.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] Thepresent application claims the benefit of Korean
Patent Application No. P2005-0027063 filed in Korea on
Mar. 31, 2005, which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly, to a liquid crystal display device and a
method of fabricating the same.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices are driven so
as to use the optical anisotropy and polarization characteris-
tics of a liquid crystal material. More particularly, liquid
crystal molecules have a definite alignment as a result of their
long, thin shapes and are arranged to have initial pre-tilt
angles. The alignment direction can be controlled by applying
an electric field. Accordingly, variations in an applied electric
field influence the alignment of the liquid crystal molecules.
Due to optical anisotropy of the liquid crystal molecules, the
refraction of incident light depends on the alignment direc-
tion of the liquid crystal molecules. Thus, by properly con-
trolling the applied electric field, an image that has a desired
brightness can be produced.

[0006] FIG. 1A is a perspective view schematically illus-
trating a related art LCD device, and FIG. 1B is an enlarged
view of a thin film transistor T in FIG. 1A. As shown in FIGS.
1A and 1B, the LCD device 51 includes a first substrate 22
and a second substrate 5, which are spaced apart from each
other, and a liquid crystal layer 11 (not shown) interposed
between the first substrate 22 and second substrate 5. A black
matrix 6, a color filter layer 7, and a common electrode 9 are
formed on an interior surface of the second substrate 5, which
faces the first substrate 22. The color filter layer 7 includes
red, green and blue color filters 7a, 75 and 7¢, each of which
is disposed in an opening of the black matrix 6. The common
electrode 9 is transparent and covers the black matrix 6 and
the color filters 7a, 75 and 7c.

[0007] A plurality of pixel regions P are defined on an
interior surface of the first substrate 22, which faces the sec-
ond substrate 5. A plurality of gate lines 12 and a plurality of
data lines 24 cross each other to define the plurality of pixel
regions P. A thin film transistor T is formed adjacent to where
the gate and data lines 12 and 24 cross each other. The thin
film transistor T includes a gate electrode 30, an active layer
32, a source electrode 34, and a drain electrode 36. The active
layer 32 overlaps the gate electrode 32, and the source and
drain electrodes 34 and 36 are spaced apart from each other
and positioned over the active layer 32. A pixel electrode 17 is
formed in each pixel region P and is connected to the drain
electrode 36 of the thin film transistor T in each pixel region
P. The pixel electrode 17 includes a transparent conductive
material having high transmittance, such as indium-tin-oxide
(ITO) or indium-zinc-oxide (IZ0). The thin film transistor T
and the pixel electrode 17 of each pixel are arranged in a
matrix form. Pulse signals are provided to the gate electrode
30 through the gate line 12, and data signals are provided to
the source electrode 34 through the data line 24.

[0008] The second substrate 5 including the black matrix 6,
the color filter layer 7 and the common electrode 9 is often
referred to as a color filter substrate. The first substrate 22
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including the gate lines 12, the data lines 24, the thin film
transistors T and the pixel electrodes 17 is often referred to as
an array substrate.

[0009] In the above related art LCD device, various
approaches have been researched for achieving wide viewing
angles and high brightness. A multi-domain method, a phase
compensation method, an in-plane switching (IPS) mode, a
vertical alignment (VA) mode, and so on have been
researched and developed as methods for achieving wide
viewing angles. In the multi-domain method, a pixel is
divided into several regions, in which each of the liquid crys-
tal molecules are differently arranged so that each pixel has
overall average properties. In the phase compensation
method, a phase difference film, which is often referred to as
a retardation film, is used to reduce changes in phase differ-
ence depending on viewing angles. In the IPS mode, liquid
crystal molecules move in a plane substantially parallel to the
substrates corresponding to an electric field produced in par-
allel to the substrate of the LCD device. In the VA mode,
liquid crystal molecules having negative dielectric anisotropy
are arranged vertically with respect to the substrate when
voltage is not applied.

[0010] Among the above methods, the VA mode has the
additional advantage of fast response time as compared to the
twisted nematic (TN) mode, which is widely used in conven-
tional LCD devices. The VA mode has a response time of
about 30 ms as compared with the 50 ms of the TN mode,
when the transmittance of the LCD device changes from
100% to 50%. Generally, in the VA mode, a vertical alignment
material, a liquid crystal material with negative dielectric
anisotropy and a negative retardation film are used. Thus, the
VA mode has a wide viewing angle, and has a high contrast
ratio.

[0011] FIG. 2 is a cross-section view illustrating a pixel
region of a VA mode L.CD device according to the related art.
As shown in FIG. 2, a pixel electrode 17 is formed on an
interior surface of a first substrate 22, and a black matrix 6, a
color filter layer 7 and a common electrode 9 are subsequently
formed on an interior surface of a second substrate 5, which is
spaced apart from and facing the first substrate 22. A liquid
crystal layer 11 is interposed between the first and second
substrates 22 and 5. The liquid crystal layer 11 has a negative
dielectric anisotropy, and liquid crystal molecules of the lig-
uid crystal layer 11 may be vertically arranged between the
first and second substrates 22 and 5.

[0012] When a voltage is applied to the pixel electrode 17
and the common electrode 9, an electric field E substantially
perpendicular to the substrates 5 and 22 is induced between
the pixel electrode 17 and the common electrode 9, and the
liquid crystal molecules of the liquid crystal layer 11 are
realigned so as to be perpendicular with respect to the direc-
tion of the electric field E. At this time, the pixel electrode 17
is partially patterned and has slits S (orholes), and the electric
field E is distorted due to the slits S. Thus, multi-domains are
formed in one pixel region. Further, a rib is formed on the
common electrode 9 at a center portion between the slits S of
the pixel electrode 17, and the pixel region may be symmetri-
cally divided so as to have mirrored patterns or the same
patterns at upper and lower parts of the pixel electrode 17.
Meanwhile, a spacer SP is further formed on the common
electrode 9 to maintain a cell gap between the first and second
substrates 22 and 5.

[0013] FIGS. 3A to 3D are cross-sectional views illustrat-
ing a manufacturing method of a color filter substrate for a
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related art VA mode LCD. As shown in FIG. 3A, a black
matrix 6 is formed on a transparent substrate 5 by coating a
black resin and then patterning the black resin through a first
mask process, or by depositing either chromium (Cr) or chro-
mium oxide (CrO,,) and then patterning one of the chromium
layers through a first mask process. The black matrix 6 may be
in a variety of shapes depending on the structure of an array
substrate (not shown). However, the black matrix typically
has a lattice shape.

[0014] As shown in FIG. 3B, a color filter layer 7 is formed
on the substrate 5, including the black matrix 6. The color
filter layer 7 includes red, green and blue color filters. The
color filter layer 7 may be formed through one of various
methods. A pigment dispersion method is widely used for
forming the color filter layer 7. In the pigment dispersion
method, each color filter can be formed by coating a pigment
resin across a surface of the transparent substrate 5 and then
patterning the pigment resin through a mask process. Accord-
ingly, the color filter layer 7 having three colors can be formed
through a three mask process, such as second, third and fourth
mask processes.

[0015] As shown in FIG. 3C, a common electrode 9 is
formed across the surface of the substrate 5, including the
color filter layer 7. Subsequently, a rib R is formed on the
common electrode 9 by coating a resin and then patterning the
resin through a fifth mask process. As shown in FIG. 3D, a
spacer SP having a columnar shape is formed on the substrate
5 by coating a polymer resin and then patterning the polymer
resin through a sixth mask process. The spacer SP corre-
sponds to the black matrix 6. The color filter substrate for the
VA mode LCD device, including the spacer SP and the rib R,
is manufactured using six mask processes. Thus, the color
filter substrate for this related art VA mode LCD device has
two additional mask processes for the rib and the spacer as
compared to a color filter substrate for a related art TN mode
LCD device, which is manufactured using four mask pro-
cesses. Accordingly, manufacturing time and costs are higher
for a VA mode LCD, and thus productivity is lower.

[0016] To improve productivity., a process for simulta-
neously forming the rib and the spacer has been proposed.
FIGS. 4A to 4C are cross-sectional views illustrating a manu-
facturing method of another color filter substrate for another
related art VA mode LCD device. As shown in FIG. 4A, a
black matrix 52 is formed on a transparent substrate 50, on
which pixel regions P are defined, by coating a black resin and
then patterning the black resin through a first mask process.

[0017] As shown in FIG. 4B, a color filter layer is formed
on the substrate 50, including the black matrix 52. The color
filter layer includes red 54a, green 545 and blue (not shown)
color filters. The red, green and blue color filters can be
formed through second, third and fourth mask processes,
respectively. This masking process yields color filters that
overlap each other. For example, the red and green color
filters 54a and 54b, are sequentially formed such that they
both overlap the black matrix 50 and the green color filter 545
overlaps the red color filter 54a. A subsequent blue color filter
(not shown) would overlap the black matrix 50 and both of the
red and green color filters 54a and 54b. Accordingly, the
combined thickness of the black matrix 52, the red color filter
54a and the green color filter 545 is thicker than a thickness of
each of the color filters in the pixel regions P.

[0018] As shown in FIG. 4C, a common electrode 56 is
formed across a surface of the substrate 50, including the
color filter layer. A firstrib R1 and a second rib R2 are formed
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on the common electrode 56 by coating a resin and then
patterning it through a fifth mask process. The first rib R1 is
disposed over where the green color filter 545, the red color
filter 54a, and the black matrix 52 are sequentially over-
lapped, and the second rib R2 is disposed in each pixel region
P. The first rib R1 together with the overlapped color filters
54a and 544 functions as a spacer, and the second rib R2 is
used to form multi domains in one pixel region. A total thick-
ness H of the first rib R1 and the overlapped color filters 54a
and 545 may be about 4 um. Accordingly, a color filter sub-
strate may be manufactured through a five mask process,
which is less than the six mask manufacturing processes fora
color filter substrate shown in FIGS. 3A to 3D. However, the
common electrode 56 in the five mask color filter substrate
may be disconnected due to a step coverage (or difference)
created by the overlapping color filters on the black matrix.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
liquid crystal display device and a method of fabricating the
same that substantially obviate one or more of problems due
to limitations and disadvantages of the related art.

[0020] An object of the present invention is to provide a
liquid crystal display device having a wide viewing angle.
[0021] Another object of the present invention is to provide
amethod of fabricating a liquid crystal display device having
a simplified process.

[0022] Additional features and advantages 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. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a liquid crystal display device
includes first and second substrates spaced apart from and
facing each other, gate and data lines on an inner surface of the
first substrate and crossing each other to define a pixel region,
a thin film transistor adjacent to the crossing of the gate and
data lines, a pixel electrode in the pixel region and including
aplurality of slits, an island pattern over the gate line, a black
matrix on an inner surface of the second substrate, the black
matrix corresponding to the gate line, a color filter layer on the
black matrix, a common electrode on the color filter layer, a
plurality of ribs on the common electrode corresponding to
the pixel electrode, and a spacer on the common electrode
corresponding to the black matrix.

[0024] In another aspect, a manufacturing method of an
array substrate for a liquid crystal display device includes
forming a gate line on asubstrate, forming a data line crossing
the gate line to define a pixel region, forming a thin film
transistor at a crossing portion of the gate and data lines,
forming an island pattern over the gate line, forming a passi-
vation layer on the island pattern; and forming a pixel elec-
trode in the pixel region, the pixel electrode having a plurality
of slits.

[0025] In another aspect, a manufacturing method of a
color filter substrate for a liquid crystal display device
includes forming a black matrix on a substrate including a
pixel region, the black matrix corresponding to a border por-
tion between adjacent pixel regions, forming a color filter
layer on the black matrix, forming a common electrode on the
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color filter layer, forming a photosensitive layer on the com-
mon electrode, exposing the photosensitive layer to light
through a mask, the mask including a transmitting portion and
ablocking portion, forming first patterns and a second pattern
by developing the exposed photosensitive layer, the first pat-
terns corresponding to the pixel region, and the second pat-
tern corresponding to the black matrix, wherein the second
pattern is wider than the first patterns; and forming ribs and a
spacer by heat-treating the first patterns and the second pat-
tern.

[0026] In another aspect, a manufacturing method of a
color filter substrate for a liquid crystal display device
includes forming a black matrix on a substrate including a
pixel region, the black matrix corresponding to a border por-
tion between adjacent pixel regions, forming a color filter
layer on the black matrix, forming a common electrode on the
color filter layer, forming a photosensitive layer on the com-
mon electrode, exposing the photosensitive layer to light
through a mask, the mask including a transmitting portion, a
blocking portion, and a half-transmitting portion, forming
first patterns and a second pattern by developing the exposed
photosensitive layer, the first patterns corresponding to the
pixel region, and the second pattern corresponding to the
black matrix; and forming ribs and a spacer by heat-treating
the first patterns and the second pattern.

[0027] In a further aspect, a manufacturing method of a
liquid crystal display device includes forming a gate line on a
first substrate, forming a data line on the first substrate, the
data line crossing the gate line to define a pixel region, form-
ing a thin film transistor adjacent to the crossing of the gate
and data lines, forming an island pattern over the gate line,
forming a pixel electrode in the pixel region, the pixel elec-
trode having a plurality of slits, forming a black matrix on a
second substrate, the black matrix corresponding to a border
portion between adjacent pixel regions, forming a color filter
layer on the black matrix, forming a common electrode on the
color filter layer, forming ribs on the common electrode in the
pixel region, forming a spacer on the common electrode cor-
responding the black matrix, and attaching the first and sec-
ond substrates such that the spacer corresponds to the island
pattern.

[0028] Ttistobeunderstood 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

[0029] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0030] FIG. 1A is a perspective view schematically illus-
trating a related art LCD device;

[0031] FIG. 1B is an enlarged view of a thin film transistor
T in FIG. 1A,
[0032] FIG. 2 is a cross-section view illustrating a pixel

region of a related art VA mode LCD device;

[0033] FIGS. 3A to 3D are cross-sectional views illustrat-
ing a manufacturing method of a related art color filter sub-
strate for a VA mode LCD;
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[0034] FIGS. 4A to 4C are cross-sectional views illustrat-
ing a manufacturing method of another related art color filter
substrate for another related art VA mode LCD device;

[0035] FIG. 5 is a view illustrating a pixel region of a VA
mode LCD device according to an embodiment of the present
invention;

[0036] FIG. 6 is a cross-sectional view illustrating a pixel
region of a VA mode LCD device according to an embodi-
ment of the present invention;

[0037] FIGS. 7A to 7D are cross-sectional views illustrat-
ing a manufacturing method of an array substrate for a VA
mode LCD device according to an embodiment of the present
invention;

[0038] FIGS. 8A to 8F arecross-sectional views illustrating
a manufacturing method of a color filter substrate for a VA
mode LCD device according to an embodiment of the present
invention; and

[0039] FIGS. 9A to 9C are cross-sectional views illustrat-
ing a manufacturing method of a color filter substrate fora VA
mode LCD device according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0041] FIG. 5 is a view illustrating a pixel region of a VA
mode LCD device according to an embodiment of the present
invention. As shown in FIG. 5, a gate line 102 is formed along
a first direction, and a data line 114 is formed along a second
direction crossing the first direction. The gateline 102 and the
data line 114 cross each other to define a pixel region P.

[0042] A thin film transistor T is formed adjacent to each
crossing of the gate and data lines 102 and 114. The thin film
transistor T includes a gate electrode 104 that is connected to
the gate line 102, an active layer 108 that is disposed over the
gate electrode 104, a source electrode 116 that is connected to
the data line 114, and a drain electrode 118 that is spaced apart
froma source electrode 116 over the active layer 108. The thin
film transistor T further includes an ohmic contact layer (not
shown) between the active layer 108 and the source electrode
116 and between the active layer 108 and the drain electrode
118.

[0043] A pixel electrode 126 is formed in the pixel region P
and is connected to the drain electrode 118. The pixel elec-
trode 126 includes a plurality of slits S. The slits S of an upper
area of the pixel region P in the context of FIG. 5 are formed
to angle down from a left side to a right side, and the slits S of
a lower area of the pixel region P in the context of FIG. 5 are
formed to angle up from the left side to the right side. Thus,
the slits S in the pixel region P appear to substantially form
portions of the pixel electrode into “V-shapes™ that are left-
handedly rotated by a right angle with respect to the gate line
102.

[0044] Ribs 210 and spacers 212 are formed on acolor filter
substrate (not shown) spaced apart from the substrate includ-
ing the thin film transistor T and the pixel electrode 126. The
ribs 210 and the spacers 212 are simultaneously formed. The
ribs 210 are formed to correspond to portions of the pixel
between adjacent slits S, and the spacers 212 are formed to
correspond to the gate line 102. Moreover, a semiconductor
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pattern 112 and a metal pattern 120 having an island shape are
formed over the gate line 102 corresponding to each spacer
212 to form a high step.

[0045] FIG. 6 is a cross-sectional view illustrating a pixel
region of a VA mode LCD device according to an embodi-
ment of the present invention and corresponds to line VI-VIof
FIG. 5.

[0046] As shown in FIG. 6, a pixel region P is defined on a
first substrate 100, and a thin film transistor T is formed at one
side of the pixel region P on the first substrate 100. A gate line
102 is formed on the first substrate 100, and a data line (not
shown) is formed over the first substrate 100. The data line
crosses the gate line 102 to define the pixel region P. A
semiconductor pattern 112 and a metal pattern 120 having an
island shape are sequentially formed over the gate line 102. A
passivation layer 122 covers the thin film transistor T, the
semiconductor pattern 112 and the metal pattern 120. A pixel
electrode 126 is formed in the pixel region P on the passiva-
tion layer 122 and is connected to the thin film transistor T.
The pixel electrode 126 includes a plurality of slits S.
[0047] A second substrate 200 is spaced apart from and
faces the first substrate 100. A black matrix 202 is formed on
an inner surface of the second substrate 200 and corresponds
to a border portion between adjacent pixel regions P. The
black matrix 202 also covers the thin film transistor T. A color
filter layer 204 is formed on the second substrate 200 includ-
ing the black matrix 202. The color filter layer 204 includes
red, green and blue color filters sequentially arranged, and
each color filter corresponds to the pixel region P. The color
filter layer 204 covers the black matrix 202. A common elec-
trode 206 is formed on the color filter layer 204. The common
electrode 206 is formed of a transparent conductive material.
[0048] Ribs 210 are formed on the common electrode 206
in the pixel region P. Each rib 210 corresponds to a portion of
the common electrode 206 between adjacent slits S. A spacer
212 is formed on the common electrode 206 corresponding to
the semiconductor pattern 112 and the metal pattern 120.
Thus, the spacer 212 contacts the passivation layer 122,
which is on the metal pattern 120.

[0049] The passivation layer 122 has a step due to the metal
pattern 120 and the semiconductor pattern 112. The color
filter layer 204 also has a step dueto the black matrix 202. The
step height H1 of the color filter layer 204 may be within a
range of about 0.7 pm to about 0.9 um. The spacer 212 can
have a height H2 within a range of about 1.9 um to about 2.1
pm. A step height H3 of the passivation layer 122 can be
within a range of about 0.6 um to about 0.8 pm.

[0050] Thesum ofthe step height H1 of the color filter layer
204, the height H2 of the spacer 212, and the step height H3
of the passivation layer 122 is substantially equal to a cell gap
between the first and second substrates 100 and 200. A manu-
facturing method of a VA mode LCD device according to an
embodiment of the present invention will be explained here-
inafter with reference to FIGS. 7A to 7D.

[0051] FIGS. 7A to 7D illustrate a manufacturing method
of an array substrate for a VA mode LCD device according to
an embodiment of the present invention and are cross-sec-
tions corresponding to the line similar to VI-VI of FIG. 5. As
shown in FIG. 7A, a gate line 102 and a gate electrode 104 are
formed on a substrate 100 by depositing one or more metallic
materials and then patterning the one or more metallic mate-
rials. The one or more metallic materials may include alumi-
num (Al) and an aluminum alloy such as AINd, chromium
(Cr), copper (Cu), titanium (Ti), molybdenum (Mo), and
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tungsten (W). The gate electrode 104 can be a part of the gate
line 102 or may extend from the gate line 102.

[0052] Subsequently, a gate insulating layer 106 is formed
across a surface of the substrate 100, including the gate line
102 and the gate electrode 104, by depositing one or more
inorganic insulating materials from a group including silicon
nitride (SiN ) and silicon oxide (SiO,). Next, an active layer
108 and an ohmic contact layer 110 are formed on the gate
insulating layer 106 over the gate electrode 104 by sequen-
tially depositing and then patterning intrinsic amorphous sili-
con (a-Si:H) and impurity-doped amorphous silicon, such as
n* or p* a-Si:H. At the same time, a semiconductor pattern
112 having an island shape is formed on the gate insulating
layer 106 over the gate line 102. The chmic contact layer 110
may be formed by doping impurities into an amorphous sili-
con layer.

[0053] As shown in FIG. 7B, a source electrode 116 and a
drain electrode 118 are formed on the ohmic contact layer 110
by depositing one or more metallic materials selected from
the above-stated metallic material group across a surface of
the substrate 100, including the active layer 108 and the
ohmic contact layer 110, and then patterning the one or more
metallic materials. Simultaneously, a data line (not shown)
and a metal pattern 120 are formed. The data line is connected
to the source electrode 116, and the metal pattern 120 is
disposed on the semiconductor pattern 112. Then, a portion of
the ohmic contact layer 110 exposed between the source and
drain electrodes 116 and 118 is removed, thereby exposing
the active layer 108. The gate electrode 104, the active layer
108, the ohmic contact layer 110, and the source and drain
electrodes 116 and 118 constitute a thin film transistor.
[0054] As shown in FIG. 7C, a passivation layer 122 is
formed across a surface of the substrate 100, including the
source and drain electrodes 116 and 118 and the metal pattern
120, by depositing one or more inorganic insulating materials
from a group including silicon nitride (SiNy) and silicon
oxide (Si0,). The passivation layer 122 can be formed by
coating one or more organic insulating materials from a group
including benzocyclobutene (BCB) and acrylic resin. The
passivation layer 122 has a step due to the metal pattern 120
and the semiconductor pattern 112. The step of the passiva-
tion layer 122 has a height H3 within a range of about 0.6 pin
to about 0.8 um. Then, the passivation layer 122 is patterned
to form a drain contact hole 124, which exposes a part of the
drain electrode 116.

[0055] As shown in FIG. 7D, a pixel electrode 126 is
formed on the passivation layer 122 by depositing a transpat-
ent conductive material from a group including indium tin
oxide (ITO) and indium zinc oxide (IZO) and then patterning
the transparent conductive material. The pixel electrode 126
is connected to the drain electrode 118 through the drain
contact hole 124. The pixel electrode 126 has a plurality of
slits S. The slits S are separate from the gate line 102 and have
a symmetrical pattern. As stated above, the slits S in the pixel
region P appear to substantially form portions of the pixel
electrode into “V-shapes” that are left-handedly rotated by a
right angle with respect to the gate line 102, and thus multi-
domains are formed in one pixel region. In the array substrate
of embodiments in the present invention, the pixel electrode
126 has the slits S, and the passivation layer 122 over the gate
line 102 has a step due to the combined thicknesses of the
metal pattern 120 and the semiconductor pattern 112.
[0056] FIGS. 8A to 8F illustrate amanufacturing method of
a color filter substrate for a VA mode LCD device according
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to an embodiment of the present invention and are cross-
sections corresponding to the line similar to VI-VI of FIG. 5.
As shown in FIG. 8A, a black matrix 202 is formed on a
transparent substrate 200, on which a pixel region P is
defined, by coating a black resin and patterning the black
resin through a first mask process. The black matrix 202
corresponds to a border portion between adjacent pixel
regions P. The black matrix 202 also covers the thin film
transistor. The black matrix 202 has a thickness within arange
about 1.3 pm to about 1.4 um.

[0057] As shown in FIG. 8B, a color filter layer 204 is
formed on the substrate 200 including the black matrix 202.
The color filter layer 204 includes three color filters of red,
green and blue. Each color filter may be formed by coating
pigment resin including color pigments on across a surface of
the substrate 200 and then patterning the pigment resin in a
mask process. Thus, to form the red, green and blue color
filters, three mask processes, that is, second, third and fourth
mask processes are performed. Here, the color filter layer 204
may have a stripe structure, where color filters of the same
color are formed in adjacent pixel regions along a direction
parallel to the data line.

[0058] As shown in FIG. 8C, a common electrode 206 is
formed across a surface of the substrate 200, including the
color filter layer 204, by depositing a transparent conductive
material selected from a group including indium tin oxide
(ITO) and indium zinc oxide (IZ0O). Next, as shown in FIGS.
8D to 8F, ribs and a spacer are formed through a fifth mask
process. More particularly, as shown in FIG. 8D, a photosen-
sitive layer 208 is formed across a surface of the substrate
200, including the common electrode 206, by coating a pho-
tosensitive resin. A mask M, including a transmitting portion
F1 and a blocking portion F2, is disposed over the photosen-
sitive layer 208. The blocking portion F2 has first parts cor-
responding to the pixel region P and a second part corre-
sponding to the black matrix 202. The first parts have a first
width W1, and the second part has a second width W2 that is
wider than the first width W1. For example, the first width W1
can be within a range of about 10 um to about 11 pm, and the
second width W2 can be within a range of about 20 um to
about 30 um. Next, the photosensitive layer 208 is exposed to
light through the mask M and then the photosensitive layer
208 is developed.

[0059] Asshown in FIG. 8E, first patterns 210 and a second
pattern 212 are formed on the common electrode 206. The
second pattern 212 has a width wider than the first patterns
210. The first patterns 210 are formed in the pixel region P and
are disposed between adjacent slits S, as shown in FIG. 5.
Therefore, the first patterns 210 correspond to the “V-shapes”
of the pixel electrode. The second pattern 212 is formed over
the black matrix 202 and corresponds to the gate line 102, as
shown in FIG. 5.

[0060] The substrate 200, including the first patterns 210
and the second pattern 212, is heat-treated. As a result, the first
patterns 210 and the second pattern 212 shrink, and heights of
the first patterns 210 and the second pattern 212 are reduced.
The first patterns 210 shrink more than the second pattern
212. When a pattern has a width of about 10 um to about 11
pm, the pattern has a height of about 1.3 um to about 1.5 pm
after a heat-treatment process, and when a pattern has a width
of about 20 pm to about 30 pum, the pattern has a height of
about 2.0 um to about 2.2 pm after the heat-treatment process.
Therefore, by using different shrink rates according to
widths, patterns having different heights are formed using the
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same process. The first patterns 210 function as ribs for divid-
ing the pixel region P into multi-domains, and the second
pattern 212 acts as a spacer for maintaining a cell gap between
two substrates.

[0061] In embodiments of the present invention, since the
ribs and the spacer are formed through the same process, the
color filter substrate can be formed through a five mask pro-
cess. The array substrate fabricated in FIGS. 7A to 7D and the
color filter substrate fabricated in FIGS. 8 A to 8F are attached
with a liquid crystal material therebetween, thereby further
manufacturing an LCD device.

[0062] FIGS. 9A to 9C illustrate a manufacturing method
of a color filter substrate for a VA mode LCD device accord-
ing to another embodiment of the present invention and are
cross-sections corresponding to a line similar to VI-VI of
FIG. 5. As shown in FIG. 9A, ablack matrix 302, a color filter
layer 304, and a common electrode 306 are sequentially
formed on a substrate 300, on which a pixel region P is
defined. The black matrix 302, the color filter layer 304, and
the common electrode 306 can be formed through the same
processes as the embodiment shown in FIGS. 8A to 8C.
[0063] Next, a photosensitive layer 308 is formed on the
common electrode 306 by coating photosensitive resin on
across surface of the substrate 300, including the common
electrode 306. A mask M, including transmitting portion F1,
a blocking portion F2 and a half-transmitting portion F3 is
disposed over the photosensitive layer 308. The blocking
portion F2 corresponds to the black matrix 302. The half-
transmitting portion F3 corresponds to the pixel region P and
includes a plurality of parts. Each part of the half-transmitting
portion F3 has a first width W1, and the blocking portion F2
has a second width W2, which is equal to the first width W1.
The half-transmitting portion F3 may include a plurality of
slits or may include a semitransparent layer. The slits lower
the strength of light, and the semitransparent layer reduces the
intensity of radiation. Therefore, the photosensitive layer 308
corresponding to the half-transmitting portion F3 is partially
exposed. Subsequently, the photosensitive layer 308 is
exposed to light through the mask M and then the photosen-
sitive layer 308 is developed.

[0064] AsshowninFIG. 9B, first patterns 310 and a second
pattern 312 are formed on the common electrode 306. The
first patterns 310 correspond to the half-transmitting portion
F3, and the second pattern 312 corresponds to the blocking
portion F2. Thus, the second pattern 312 is higher than the
first patterns 310. The second pattern 312 can have the same
thickness as the photosensitive layer 308 of F1IG. 9A. The first
patterns 310 are formed in the pixel region P and are disposed
between adjacent slits S of FIG. 5. Therefore, the first patterns
310 correspond to the “V-shapes” of the pixel electrode. The
second pattern 312 is formed over the black matrix 302 and
corresponds to the gate line 102 of FIG. 5.

[0065] The substrate 300, including the first patterns 310
and the second pattern 312, is heat-treated. As a result, the first
patterns 310 and the second pattern 312 shrink such that the
heights of the first patterns 310 and the second pattern 312 are
reduced. In this instance, the first patterns 310 and the second
pattern 312 shrink at the same rate. As shown in FIG. 9C, the
first patterns 310, which function as ribs, are formed in the
pixel region P, and the second pattern 312, which is higher
than the first patterns 310, acts as a spacer and is formed over
the black matrix 302.

[0066] In embodiments of the present invention, the ribs
and the spacer are simultaneously formed on the common
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electrode, and thus the manufacturing process is simplified.
Moreover, since additional steps are not needed under the
common electrode corresponding to the spacer, the common
electrode is prevented from being disconnected, and a high
quality LCD device is manufactured. Further, by forming
multi-domains having symmetrical properties within liquid
crystal arrangement, an LCD device having a wide viewing
angle is manufactured.

[0067] It will be apparent to those skilled in the art that
various modifications and variations can be made in the ver-
tical alignment mode liquid crystal display device and the
method of fabricating a liquid crystal display device of the
present invention without departing from the spiritor scope of
the inventions. 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.

1.-12. (canceled)

13. A manufacturing method of a color filter substrate for a
liquid crystal display device, comprising:

forming a black matrix on a substrate including a pixel

region, the black matrix corresponding to a border por-
tion between adjacent pixel regions;

forming a color filter layer on the black matrix;

forming a common electrode on the color filter layer;

forming a photosensitive layer on the common electrode;

exposing the photosensitive layer to light through a mask,
the mask including a transmitting portion and a blocking
portion;

forming first patterns and a second pattern by developing

the exposed photosensitive layer, the first patterns cor-
responding to the pixel region, and the second pattern
corresponding to the black matrix, wherein the second
pattern is wider than the first patterns; and

forming ribs and a spacer by heat-treating the first patterns

and the second pattern,

wherein the spacer has a higher height than the ribs.

14. The method according to claim 13, wherein the block-
ing portion includes first parts each having a first width cor-
responding to the pixel region and a second part having a
second width corresponding to the black matrix, wherein the
second width is wider than the first width.

15. The method according to claim 13, wherein the ribs
correspond to portions of a pixel electrode having
“V-shapes.”
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16. The method according to claim 13, wherein the color
filter layer has a step due to the black matrix, wherein the step
has a height within a range of about 0.8 pum to about 0.9 pm.

17. The method according to claim 13, wherein the spacer
has a height within a range of about 1.9 um to about 2.1 pm.

18. The method according to claim 13, wherein forming the
black matrix includes coating and then patterning a black
resin.

19. The method according to claim 13, wherein the color
filter layer includes red, green and blue color filters, wherein
each color filter corresponds to the pixel region, and the color
filters in adjacent pixel regions with the spacer therebetween
have the same color as each other.

20. A manufacturing method of a color filter substrate for a
liquid crystal display device, comprising:

forming a black matrix on a substrate including a pixel

region, the black matrix corresponding to a border por-
tion between adjacent pixel regions;

forming a color filter layer on the black matrix;

forming a common electrode on the color filter layer;

forming a photosensitive layer on the common electrode;

exposing the photosensitive layer to light through a mask,
the mask including a transmitting portion, a blocking
portion, and a half-transmitting portion;

forming first patterns and a second pattern by developing

the exposed photosensitive layer, the first patterns cor-
responding to the pixel region, and the second pattern
corresponding to the black matrix; and

forming ribs and a spacer by heat-treating the first patterns

and the second pattern,

wherein the spacer has a higher height than the ribs.

21. The method according to claim 20, wherein each first
pattern has the same width as the second pattern.

22. The method according to claim 20, wherein the half-
transmitting portion corresponds to the pixel region, and the
blocking portion corresponds to the black matrix.

23. The method according to claim 20, wherein the half-
transmitting portion includes a plurality of parts, and each
part of the half-transmitting portion has the same width as the
blocking portion.

24.-30. (canceled)
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