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other while being arranged in an alternate manner. A liquid
crystal material is injected between the first and the second
substrates. A spacer is positioned at an end of the second
opening pattern to maintain the distance between the first and
the second substrates.
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LIQUID CRYSTAL DISPLAY AND METHOD
FOR FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 11/747,050 filed on May 10, 2007, which
is a Continuation of U.S. patent application Ser. No. 11/313,
965 filed on Dec. 22, 2005, which is a Continuation of U.S.
patent application Ser. No. 09/928,349 filed on Aug. 14, 2001
which issued as U.S. Pat. No. 7,057,695, which claims prior-
ity to and the benefit of Korean Patent Application Nos.
10-2001-47489 filed on Aug. 7, 2001; 10-2001-0047318 filed
on Aug. 6. 2001; 10-2001-001791 filed on Jan. 12, 2001,
10-2000-0047001 filed on Aug. 14, 2000, the disclosures of
which are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a method for fabricating the same and, more particu-
larly, to a liquid crystal display that has spacers for maintain-
ing the gap between two substrates.

[0004] (b) Description of the Related Art

[0005] Generally, a liquid crystal display has a structure
where a liquid crystal bearing dielectric anisotropy is sand-
wiched between a color filter substrate and a thin film tran-
sistor array substrate. The color filter substrate has a common
electrode, a color filter and a black matrix, and the thin film
transistor array substrate has a thin film transistor and a pixel
electrode. An electric field is applied to the liquid crystal,
thereby controlling the light transmission and displaying the
desired picture image.

[0006] Inordertoobtain awide viewing angle, such aliquid
crystal display uses a mode of patterned vertical alignment
(PVA) having multiple domains. In the PVA mode, opening
patterns or protrusions are made at the pixel electrode and the
common electrode while forming fringe fields there. These
fringe fields make the liquid crystal molecules to be inclined
in various directions, thereby realizing wide viewing angle.
[0007] Meanwhile, in order to maintain the gap between the
two substrates in a constant manner, elastic spacers are dis-
posed between them. However, when an external impact is
applied to the liquid crystal display, the gap between the
substrates is seriously deformed due to the elasticity of the
spacers, causing spots on the screen.

[0008] Furthermore, a separate process should be made to
form such spacers, and this deteriorates the production effi-
ciency.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide a
liquid crystal display that minimizes variation in the bright-
ness while enhancing the picture quality.

[0010] It is another object of the present invention to pro-
vide a method for fabricating a liquid crystal display in sim-
plified processing steps.

[0011] These and other objects may be achieved by a liquid
crystal display with the following features.

[0012] According to one aspect of the present invention, the
liquid crystal display includes first and second substrates. The
first substrate has a first insulating substrate, and a pixel
electrode formed on the first insulating substrate with a first

May 21, 2009

opening pattern. The pixel electrode has upper and lower half
regions, upper and lower sides, and left and right sides. The
second substrate has a second insulating substrate, and a
common electrode formed on the second insulating substrate
with a second opening pattern. The first and the second open-
ing patterns proceed parallel to each other while being
arranged in an alternate manner. A liquid crystal material is
injected between the first and the second substrates. A spacer
is positioned at an end of the second opening pattern to
maintain the distance between the first and the second sub-
strates.

[0013] The first opening pattern has a first opening portion
positioned at the upper half region of the pixel electrode while
proceeding in a first direction, and a second opening portion
positioned at the lower halfregion of the pixel electrode while
proceeding in a second direction. The first and the second
directions are perpendicular to each other. The second open-
ing pattern has a first trunk opening portion positioned at a
region of the common electrode corresponding to the upper
half region of the pixel electrode while proceeding in the first
direction, and a second trunk opening portion positioned at
another region of the common electrode corresponding to the
lower half region of the pixel electrode while proceeding in
the second direction.

[0014] The first direction proceeds in a slant manner with
respect to the sides of the pixel electrode.

[0015] Thesecond opening pattern further has a first branch
opening portion overlapping the upper and lower sides of the
pixel electrode, and a second branch opening portion over-
lapping the left and right sides of the pixel electrode. The first
opening pattern further has a third opening portion positioned
between the upper and the lower half regions of the pixel
electrode while proceeding parallel to the upper and lower
sides of the pixel electrode. The first and the second opening
patterns divide the pixel electrode into a plurality of closed
polygons.

[0016] The second branch opening portion has an opening
width larger than the first trunk opening portion. The first
direction proceeds parallel to one of the sides of the pixel
electrode.

[0017] According to another aspect of the present inven-
tion, the liquid crystal display includes first and second sub-
strates. The first substrate has a first insulating substrate, and
a pixel electrode formed on the first insulating substrate with
a first opening pattern. The pixel electrode has a first side and
a second side facing the first side. The first opening pattern
has a first opening portion proceeding from the first side of the
pixel electrode in the horizontal direction, and second and
third opening portions proceeding from the first side of the
pixel electrode to the second side in a slant manner symmetri-
cal to each other with respect to the first opening portion while
being gradually reduced in distance from each other. The
second substrate has a second insulating substrate facing the
first insulating substrate, and a common electrode formed on
the second insulating substrate with a second opening pattern.
The first and the second opening patterns are arranged in an
alternate manner. The second opening pattern has fourth to
sixth opening portions. The fourth opening portion has a
trunk proceeding in the horizontal direction, first and second
branches proceeding from the trunk in a slant manner while
being gradually increased in distance from each other, and
first and second sub-branches extended from the first and the
second branches in the vertical direction while proceeding
opposite to each other. The fifth opening portion has a first
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base proceeding parallel to the first branch, and first and
second limbs extended from both ends of the first base in the
horizontal direction and in the vertical direction. The sixth
opening portion proceeds symmetrical to the fifth opening
portion with respect to the fourth opening portion. A liquid
crystal material is injected between the first and the second
substrates. A spacer is positioned at an end of the second
opening pattern to maintain the distance between the first and
the second substrates.

[0018] According to still another aspect of the present
invention, the liquid crystal display has first and second sub-
strates. The first substrate has a first insulating substrate, and
a pixel electrode formed on the first insulating substrate with
a first opening pattern. The pixel electrode has upper and
lower half regions. The first opening pattern has a first open-
ing portion vertically partitioning the upper half region of the
pixel electrode, and a second opening portion horizontally
partitioning the lower half region of the pixel electrode. The
second substrate has a second insulating substrate facing the
first insulating substrate, and a common electrode formed on
the second insulating substrate with a second opening pattern.
The second opening pattern has a third opening portion pro-
ceeding in the vertical direction, and a fourth opening portion
proceeding in the horizontal direction below the third opening
portion. The first and the third opening portions are arranged
in an alternate manner while vertically partitioning the upper
half region of the pixel electrode into a plurality of micro-
regions. The second and the fourth opening portions are
arranged in an alternate manner while horizontally partition-
ing the lower halfregion of the pixel electrode into a plurality
of micro-regions. A liquid crystal material is injected between
the first and the second substrates. A spacer is provided
between the two substrate to maintain the distance between
them.

[0019] According to still another aspect of the present
invention, a color filter substrate for the liquid crystal display
includes an insulating substrate, a black matrix formed on the
insulating substrate, a color filter formed at the black matrix,
a common electrode formed on the entire surface of the com-
mon electrode, and first and second protrusions formed on the
common electrode. The first protrusion has a first thickness,
and the second protrusion has a second thickness greater than
the first thickness.

[0020] The first and the second protrusions are formed with
one or more of a photosensitive organic insulating layer, a
photoresist film, and a silicon-based insulating layer. The
common electrode is formed with indium tin oxide or indium
zine oxide.

[0021] According to still another aspect of the present
invention, in a method for fabricating a color filter substrate
for the liquid crystal display, a black matrix is first formed on
an insulating substrate. A color filter is then formed on the
black matrix. A common electrode is formed on an entire
surface of the insulating substrate. An insulating layer is
deposited onto the common electrode. The insulating layer is
then patterned to thereby form a first protrusion with a first
thickness, and a second protrusion with a second thickness
greater than the first thickness.

[0022] The insulating layer is formed with one or more of a
photosensitive organic insulating layer, a photoresist film,
and a silicon-based insulating layer. The common electrode is
formed with indium tin oxide or indium zinc oxide.

[0023] The insulating layer may be formed with a negative
photosensitive organic insulating material. In this case, the
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first and the second protrusions are formed through a mask
with a slit pattern corresponding to the first protrusion, and a
transparent pattern corresponding to the second protrusion.
[0024] Alternatively, the insulating layer may be formed
with a negative photosensitive organic insulating material. In
this case, the first and the second protrusions are formed
through a mask with a semitransparent pattern corresponding
to the first protrusion, and an opaque pattern corresponding to
the second protrusion.

[0025] A photoresist pattern of different in thickness may
be formed on the insulating layer through one photolithogra-
phy process.

[0026] According to still another aspect of the present
invention, in a method for fabricating the liquid crystal dis-
play, a thin film transistor array substrate is first formed such
that the thin film transistor array substrate has a pixel elec-
trode with a wiring line pattern. a switching circuit and an
opening pattern. A color filter substrate is then formed such
that the color filter substrate has a common electrode, a color
filter, a high molecular pillar, and a protrusion pattern. The
thin film transistor array substrate is combined with the color
filter substrate, and a liquid crystal material is injected
between the thin film transistor array substrate and the color
filter substrate.

[0027] According to still another aspect of the present
invention, in a method for fabricating a color filter substrate
for the liquid crystal display, a black matrix and a color filter
are formed on a transparent substrate in a sequential manner.
An over-coat layer is formed on the color filter substrate. A
common electrode is formed on the over-coat layer with a
transparent conductive material. A photosensitive resin is
coated onto the common electrode. The photosensitive resin
is then exposed to light through a mask, and developed to
thereby form a protrusion and a high molecular pillar of
different height. The mask has a first pattern with an opening
width smaller than the resolution of the light exposing device,
and a second pattern with an opening width larger than the
resolution of the light exposing device.

[0028] The protrusion has a width of 4-14 um, and the high
molecular pillar has a width of 15-45 pm. The protrusion has
a height of 1.0-1.2 pm, and the high molecular pillar has a
height of 3.0-4.5 pm.

[0029] The protrusion and the high molecular pillar may go
through hard baking at a predetermined temperature such that
the protrusion and the high molecular pillar bear a predeter-
mined strength. The height of the protrusion and the high
molecular pillar can be controlled through varying the hard
baking temperature. The hard baking temperature is in the
range of 200-240° C.

[0030] According to still another aspect of the present
invention, a thin film transistor array substrate for the liquid
crystal display includes a gate line assembly with a gate
electrode and a gate line, and a data line assembly with a data
line crossing over the gate line, a source electrode, and a drain
electrode. A semiconductor pattern contacts the source and
the drain electrodes while forming a thin film transistor
together with the gate electrode, the source electrode, and the
drain electrode. An organic insulating pattern is formed on the
semiconductor pattern. The organic insulating pattern has a
protrusion pattern with a first thickness, a contact hole expos-
ing the drain electrode, and a flat portion with a second
thickness. A pixel electrode is formed on the organic insulat-
ing pattern while being connected to the drain electrode
through the contact hole.
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[0031] The semiconductor pattern is formed with hydroge-
nated amorphous silicon. The semiconductor pattern has the
same shape as the data line assembly except that the semi-
conductor pattern further has a channel region between the
source and the drain electrodes. The semiconductor pattern is
formed over the gate electrode with an island shape.

[0032] According to still another aspect of the present
invention, in a method for fabricating the thin film transistor
array substrate, a gate line assembly is formed on a substrate
with a gate line and a gate electrode. A gate insulating layer is
formed on the substrate such that the gate insulating layer
covers the gate line assembly. A semiconductor pattern is
formed on the gate insulating layer. A data line assembly is
formed on the gate insulating layer and the semiconductor
pattern with a data line, a source electrode, and a drain elec-
trode. An organic insulating pattern is formed on the semi-
conductor pattern such that the organic insulating pattern has
a protrusion pattern with a first thickness, a contact hole
exposing the drain electrode, and a flat portion with a second
thickness. A pixel electrode is formed on the organic insulat-
ing pattern such that the pixel electrode is connected to the
drain electrode through the contact hole.

[0033] The organic insulating pattern is formed through the
steps of forming a photosensitive organic insulating layer on
an entire surface of the substrate with the data line assembly,
exposing the photosensitive organic insulating layer in a
selective manner such that the photosensitive organic insulat-
ing layer has a first portion intercepted from light where the
protrusion pattern is formed, a second portion entirely
exposed to light where the contact hole is formed, and a third
portion partially exposed to light, and developing the selec-
tively light-exposed organic insulating layer.

[0034] Thestep of selectively exposing the organic insulat-
ing layer to light is made through a mask with a light inter-
cepting region placed over the first portion of the organic
insulating layer, a light transmitting region placed over the
second portion of the organic insulating layer, and a selec-
tively light transmitting region placed over the third region
while bearing a predetermined light transmission.

[0035] Alternatively, the step of selectively exposing the
organic insulating layer to light may be made through a first
mask for exposing the second portion of the organic insulat-
ing layer to light, and a second mask for exposing the third
portion of the organic insulating layer to light with a prede-
termined light transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings in which like ref-
erence symbols indicate the same or the similar components.

[0037] FIG.11saschematic view of a liquid crystal display
according to a first preferred embodiment of the present
invention.
[0038] FIG.2is a schematic view of a liquid crystal display
according to a second preferred embodiment of the present
invention.
[0039] FIG. 31is a schematic view of a liquid crystal display
according to a third preferred embodiment of the present
invention.
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[0040] FIG. 4 is a sectional view of a liquid crystal display
according to a fourth preferred embodiment of the present
invention.

[0041] FIGS.5,6,7,8,9,10,11,12.13 and 14 sequentially
illustrate the steps of fabricating a color filter substrate for the
liquid crystal display shown in FIG. 4.

[0042] FIGS. [[15A;]] 15A, 15B; 16A, 16B, 17A, 17B,
18A, 18B, 19A, 19B, 20A, 20B, 21, 22, 23A and 23B illus-
trate the steps of fabricating a thin film transistor array sub-
strate and a color filter substrate for a liquid crystal display
according to a fifth preferred embodiment of the present
invention

[0043] FIG. 24 is a graph illustrating the variation in height
of a photosensitive resin pattern remaining after the photoli-
thography process as a function of pattern width and hard
baking temperature.

[0044] FIG. 25 is an electron microscope photograph of a
photosensitive resin remaining after the photolithography
process.

[0045] FIG. 26 is a conceptual view for mathematically
inducing the sectional volume, width, and breadth of the
photosensitive resin shown in FIG. 25.

[0046] FIG. 27 is a conceptual view illustrating the sec-
tional profile of a photosensitive resin after the hard baking
process,

[0047] FIG. 28 is a graph illustrating the variation in height
H of a photosensitive resin as a function of pattern width,
[0048] FIG. 29 is a plan view of a thin film transistor array
substrate for a liquid crystal display according to a sixth
preferred embodiment of the present invention.

[0049] FIG. 30 is a cross sectional view of the thin film
transistor array substrate taken along the XXX-XXX' line of
FIG. 29.

[0050] FIGS. 31A, 31B, 32A, 32B, 33A, 33B, 34A, 34B
and 35 illustrate the steps of fabricating the thin film transistor
array substrate shown in FIG. 29.

[0051] FIG. 36 is a plan view of a thin film transistor array
substrate for a liquid crystal display according to a seventh
preferred embodiment of the present invention.

[0052] FIGS. 37 and 38 are cross sectional views of the thin
film transistor array substrate taken along the XXX VII-XXX-
VII' line and the XXXVIII-XXXVIIT line of FIG. 36,
[0053] FIGS. 39A, 39B, 39C, 40A, 40B, 40C, 41A, 41B,
42A, 428, 43A, 43B, 44A, 44B, 45A, 45B, 46A, 46B, 46C,
47A and 47B illustrate the steps of fabricating the thin film
transistor array substrate shown in FIG. 36.

[0054] FIG. 48 is a plan view of a thin film transistor array
substrate for a liquid crystal display according to an eighth
preferred embodiment of the present invention.

[0055] FIG. 49 is a cross sectional view of the thin film
transistor array substrate taken along the XXXXIX-
XXXXIX' line of FIG. 48.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] Preferred embodiments of this invention will be
explained with reference to the accompanying drawings.
[0057] FIG. 1isa schematic view of a liquid crystal display
according to a first preferred embodiment of the present
invention.

[0058] The liquid crystal display includes bottom and top
substrates 1000 and 2000 arranged in parallel while facing
each other, a liquid crystal layer 310 with liquid crystal mol-
ecules 300 sandwiched between the two substrates 1000 and
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2000, and spacers 100 disposed between the substrates 1000
and 2000 to keep the inter-substrate distance constant. The
liquid crystal molecules 300 are vertically aligned with
respect to the substrates 1000 and 2000.

[0059] The bottom substrate 1000 is formed with a first
insulating substrate 10, and pixel electrodes 80 internally
placed on the first insulating substrate 10. The first insulating
substrate 10 is formed of a transparent insulating material
such as glass, and the pixel electrode 80 is formed of a
transparent conductive material such as indium tin oxide
(ITO) and indium zinc oxide (IZO). The pixel electrode 80
has an opening pattern (not shown), and is connected to a
switching circuit 11 to receive picture signal voltages.

[0060] An alignment layer 90 is formed on the first insulat-
ing substrate 10 with the pixel electrodes 80 to align the liquid
crystal molecules 300. A thin film transistor is used for the
switching circuit 11. The thin film transistor is connected to a
gate line (not shown) for transmitting scanning signals, and to
a data line (not shown) for transmitting picture signals,
respectively. The thin film transistor turns on or off in accor-
dance with the scanning signals.

[0061] A bottom polarizing plate 14 is externally attached
to the bottom substrate 1000. In a reflection type liquid crystal
display, the pixel electrode 80 may be formed of a non-
transparent material. In this case, the bottom polarizing plate
14 may be omitted.

[0062] The top substrate 2000 is formed of a second insu-
lating substrate 200, a black matrix 210, color filters 220 of
red, green and blue, a common electrode 230, and an align-
ment layer 250. The black matrix 210 prevents light leakage.
The alignment layer 250 aligns the liquid crystal molecules
300. The common electrode 230 is formed with a transparent
conductive material such as ITO and 170 while bearing an
opening pattern (or a protrusion) (not shown). Alternatively,
the black matrix 210 and the color filters 220 may be formed
at the bottom substrate 1000. A top polarizing plate 400 is
externally attached to the top substrate 2000.

[0063] The polarizing directions of the bottom and the top
polarizing plates 14 and 400 are perpendicular to each other in
anormally black mode, whereas those are in parallel to each
other in a normally white mode. In this preferred embodi-
ment, only the normally black mode is considered as
example.

[0064] FIG. 2 illustrates the structure of a liquid crystal
display according to a second preferred embodiment of the
present invention.

[0065] As shown in FIG. 2, a bottom substrate with a pixel
electrode and a top substrate with a common electrode are
arranged in parallel. Each of the pixel electrode and the com-
mon electrode is provided with an opening pattern (or an
protrusion).

[0066] A gate line assembly is formed on the bottom sub-
strate. The gate line assembly includes gate lines 22 for trans-
mitting gate signals, and gate electrodes 26 connected to the
gate lines 22 to form a thin film transistor together with other
components.

[0067] Furthermore, a data line assembly is formed on the
bottom substrate. The data line assembly includes data lines
62 for transmitting data signals while crossing over the gate
lines 22 to define pixels, source electrodes 65 connected to the
data lines 62 to function as a part of the thin film transistor,
and drain electrodes 66 facing the source electrodes 65
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around the gate electrodes 26. A pixel electrode 80 is electri-
cally connected to the drain electrode 66 to receive the data
signals.

[0068] Furthermore, storage capacitor lines 27 and 28 are
placed around the periphery of the unit pixel and overlap the
pixel electrode 80 to form a storage capacitor. The storage
capacitor lines 27 and 28 prevent light leakage at the periph-
ery of the unit pixel.

[0069] As shown in FIG. 2, the pixel electrode 80 is pro-
vided with a first opening portion 821. The first opening
pattern 821 tapers from the left side to the right at the center
ofthe pixel electrode 80. The edges of pixel electrode 80 from
which the first opening pattern 821 proceeds are cut off, and
smoothly curved.

[0070] A second opening portion 822 and a third opening
portion 823 are formed at the upper halfregion and the lower
half region of the pixel electrode 80 around the first opening
portion 821. The second opening portion 822 and the third
opening portion 823 diagonally proceed at the upper region
and the lower region of the pixel electrode 80 symmetrically.
The second opening portion 822 and the third opening portion
823 proceed from the right side to the left side at the upper
region and the lower region of the pixel electrode 80 while
gradually approaching the first opening portion 821.

[0071] The pixel electrode 80 is protruded to the outside at
the area where the second opening portion 822 and the third
opening portion 823 are terminated. It is protruded to prevent
failure in the interconnection of the respective portions of the
pixel electrode 80 due to the opening portions 822 and 823.
[0072] Meanwhile, fourth, fifth and sixth opening portions
(or first, second and third protrusion portions) are formed at
the common electrode 230. The fourth opening portion (or
first protrusion portion) includes a trunk 211 proceeding in
the horizontal direction, and a first body 212 and a second
body 214 that obliquely extended from the trunk 211 upward
and downward, and a first branch 213 and a second branch
215 thatextended along the pixel electrode from the first body
212 and the second body 214 upward and downward.

[0073] The fifth opening portion (or second protrusion por-
tion) includes a third body 221 proceeding slantingly parallel
to the firstbody 212, a third horizontal branch 222 proceeding
along the pixel electrode from the third body 221 in the
horizontal direction, a third vertical branch 223 proceeding
along the pixel electrode from the third body 221 in the
vertical direction. The sixth opening portion (or third protru-
sion portion) includes a fourth body 231 proceeding slant-
ingly parallel to the second body 214, a fourth horizontal
branch 232 proceeding along the pixel electrode from the
fourth body 231 in the horizontal direction, a fourth vertical
branch 233 proceeding along the pixel electrode from the
fourth body 231 in the vertical direction. That is, the fifth and
the sixth opening portions (or second and third protrusion
portions) are formed at the upper half region and the lower
half region of the unit pixel of the common electrode 230
symmetrical to each other. The fourth, the fifth and the sixth
opening portions (or first, second and third protrusion por-
tions) are repeatedly formed at the respective pixels of the
common electrode 230. As shown in FIG. 2, a second opening
822 is substantially orthogonal to a third opening 823, and at
least one opening (or at least one protrusion) (212, 214, 221,
231) which is formed at the common electrode includes a
branch (213, 215, 222, 223, 232, 233) that meets at an acute
angle with an end portion of at least one of the openings (822,
823).
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[0074] As shown in FIG. 2, the first opening portion 821,
the second opening portion 822 and the third opening portion
823 of the pixel electrode 80 are overlapped with the fourth,
fifth and sixth opening portions (or the first, second and third
protrusion portions) of the common electrode 230 such that
the pixel electrode area is divided into several domains. The
opening portions of the pixel electrode 80 and the opening
portions (or protrusion portions) of the common electrode
230 are arranged in an alternate manner while proceeding in
parallel.

[0075] Inthis structure, under the application of an electric
field, the liquid crystal molecules at one unit pixel are aligned
in four directions along the directions of the fringe fields due
to the opening portions. Therefore, wide viewing angle can be
obtained in four directions.

[0076] Spacers 100 are formed at the ends of the opening
portions (or protrusion portions) of the common electrode
230 of an organic material to maintain the distance between
the two substrates constant. The spacers 100 prevent disincli-
nation at the ends of the opening portions (or protrusion
portions) where the directors of the liquid crystal molecules
are not oriented uniformly.

[0077] When driving voltages are applied to the pixel elec-
trode 80 and the common electrode 230, electric fields are not
uniformly formed at the ends of the opening portions (or
protrusion portions) so that the inclination of the electric field
is seriously changed while breaking off the normal orienta-
tion of the liquid crystal molecules.

[0078] The spacers made of'an organic material can prevent
the disinclination while maintaining the distance between the
two substrates even when an external impact is applied,
thereby preventing deterioration of the brightness.

[0079] The opening patterns (or the protrusions) may bear
various shapes to make partitioned areas of different orienta-
tions of the liquid crystal molecules, but they usually meet the
following requirements.

[0080] First, in order to obtain the best viewing angle, it is
preferable that four-partitioned regions should be placed
within one pixel.

[0081] Second, in order to obtain stable orientation of the
liquid crystal molecules, disinclination or non-uniform tex-
ture should not be generated at the outside of the partitioned
micro-regions. Disinclination is made where the directors of
the liquid crystal molecules are oriented in various directions,
and particularly where the liquid crystal molecules at one
region are inclined against one another. Therefore, in order to
achieve stable partitioned-orientation, the opening patterns
(or the opening patterns and protrusions) of the top and the
bottom substrates are alternately arranged while being close
to each other at the end portions thereof.

[0082] That is, when viewed from the top, the region sur-
rounded by the opening patterns (or the opening patterns and
the protrusions) of the top and the bottom substrates should
bear a shape of closed polygons. Meanwhile, in case the
opening pattern (or protrusion) has edges of acute angle,
disinclination is liable to occur. Thus, the opening pattern (or
protrusion) should be formed at an obtuse angle. Stable par-
titioned-orientation also influences the brightness. In the
regions of scattered orientation, light leaks at an off state, and
a darker image is displayed at an on-state compared to other
regions. When the orientation of the liquid crystal molecules
changes, the regions of scattered orientation float and cause
afterimages.
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[0083] Third, in order to obtain high brightness, the follow-
ing conditions should be met. The angle between the directors
of the liquid crystal molecules at the neighboring regions
should be 90°. In this state, disinclination is made at the
narrowest region. Also, when the angle between the light
transmission axis of the polarizing plate and the director of
the liquid crystal molecule is 45°, the highest brightness can
be obtained.

[0084] Finally, in order to obtain a rapid response speed, it
1s preferable that the opening patterns (or protrusions) of the
top and bottom substrates should not be much bent or curved.
[0085] FIG. 3 is a schematic view of a liquid crystal display
according to a third preferred embodiment of the present
invention.

[0086] AsshowninFIG. 3, the structure of the gate and data
line assemblies is the same as that of the second preferred
embodiment.

[0087] Storage capacitor lines 27, 28 and 29 are formed at
the periphery of the unit pixel as well as at the area where the
opening portions 111 and 112 of the pixel electrode 80 are
placed.

[0088] The pixel electrode 80 has a first opening portion
111 placed at the upper half region thereof in the vertical
direction, and a second opening portion 112 placed at the
lower half region thereof in the horizontal direction. The first
opening portion 111 divides the pixel electrode 80 into two
left and right regions. The second opening pattern 112 divides
the lower half region of the pixel electrode 80 into four micro-
regions.

[0089] A third opening portion (or a first protrusion por-
tion) 1s formed at the unit pixel of the common electrode 230.
The third opening portion (or the first protrusion portion)
includes a first linear element 241 and a second linear element
242 vertically arranged parallel to each other, and a third
linear element 243 proceeding in the horizontal direction
while dividing the unit pixel of the common electrode 230
into two upper and lower regions.

[0090] Furthermore, a fourth opening portion (or a second
protrusion portion) 244 and a fifth opening portion (or a third
protrusion portion) 245 are formed at the lower pixel region of
the common electrode 230 while horizontally proceeding
parallel to each other. The ends of the third through the fifth
opening portions (or protrusion portions) 241 through 245 are
gradually enlarged in width while forming a triangle shape.
[0091] As shown in FIG. 3, the first opening portion 111
and the first linear element 241 and the second linear element
242 of the third opening portion (or first protrusion portion)
are alternately arranged in parallel at their centers while ver-
tically partitioning the upper region of the pixel electrode 80
into four micro-regions. The second opening portion 112, the
third linear element 243 of the third opening portion (or first
protrusion portion), and the fourth and the fifth opening por-
tions (or the second and the third protrusion portions) 244 and
245 are alternately arranged in parallel at their centers while
horizontally partitioning the lower region of the pixel elec-
trode 80 into six micro-regions.

[0092] Spacers 100 are formed at the ends of the opening
portions or protrusion portions of the common electrode 230
between the neighboring pixels with an organic material.
These spacers 100 have the same function as previously
described in the first preferred embodiment.

[0093] Alternatively, itis possible that an opening pattern is
formed at the common electrode, and protrusions are formed
at the pixel electrode together with an opening pattern. In this
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case, the protrusions may be formed together with a gate
insulating layer or a protective layer. It should be noted in
forming such protrusions that a parasitic static capacitance
may be formed between the protrusions and the neighboring
lines. It is also possible that an opening pattern is formed at
the pixel electrode, whereas protrusions are formed at the
common electrode.

[0094] As described above, in the liquid crystal display
according to the first, second and third preferred embodi-
ments, organic material-based spacers may be formed at the
desired place to maintain the distance between the substrates
in a constant manner, preventing disinclination as well as the
brightness deterioration.

[0095] FIG. 4 is a sectional view of a liquid crystal display
according to a fourth preferred embodiment of the present
invention where a thin film transistor array substrate and a
color filter substrate are arranged while facing each other.
[0096] As shown in FIG. 4, the thin film transistor array
substrate 1000 has a first insulating substrate 10, a thin film
transistor 11 formed on the first insulating substrate 10, and a
pixel electrode 80 electrically connected to the thin film tran-
sistor 11 while bearing an opening pattern 6. The color filter
substrate 2000 has a second insulating substrate 200, a black
matrix 210, color filters 220, and a common electrode 230.
[0097] In the color filter substrate 2000, the black matrix
210 is formed on the second insulating substrate 200, and the
color filters 220 of red, green and blue are surrounded by the
black matrix 210. The common electrode 230 is formed on the
entire surface of the substrate 200 with indium tin oxide (ITO)
or indium zinc oxide (IZ0) while covering the black matrix
210 and the color filters 220. The portion of the common
electrode 230 placed on the black matrix 210 1is sunken com-
pared to that placed on the color filter 220. First photosensi-
tive organic insulating patterns (that is, protrusions) 160 and
second photosensitive organic insulating patterns (that is,
spacers) 170 are formed on the common electrode 230. The
first and second organic insulating patterns 160 and 170 have
different thickness. The first organic insulating pattern (pro-
trusion) 160 over the color filter 220 are thinner than the
second organic insulating pattern (spacers) 170 over the black
matrix 210.

[0098] In the thin film transistor array substrate, the pixel
electrode 80 is formed on the first insulating substrate 10
while bearing an opening pattern 6. The thin film transistor 11
is also formed on the first insulating substrate 10 to switch the
signals applied to the pixel electrode 80. A drain electrode is
electrically connected to the pixel electrode 80 as a part of the
thin film transistor 11.

[0099] Under the application of voltage to the common
electrode 230 and the pixel electrode 80, fringe fields f shown
in FIG. 4 are formed. The liquid crystal molecules 40 are
oriented in four directions due to the fringe fields so that the
desired multi-domains can be obtained without patterning the
common electrode 230.

[0100] The organic insulating patterns 160 and 170 may be
formed with a photosensitive organic insulating material, a
positive or negative photosensitive material, or a silicon-
based insulating material.

[0101] The fringe fields fare formed by way of the second
organic insulating pattern 160 bearing a thin thickness while
forming multiple micro-regions, resulting in wide viewing
angle. The first organic insulating pattern 170 positioned
corresponding to the thin film transistor 11 functions as a
spacer for maintaining the gap between the substrates 1000
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and 2000 called the “cell gap.” As the thickness of the cell gap
is at best 3-4 pum, the response speed can be enhanced.
[0102] Furthermore, the second organic insulating pattern
160 for forming the fringe field f and the first organic insu-
lating pattern 170 used for the spacer are formed through one
photolithography process, thereby simplifying the number of
processing steps.

[0103] A method for fabricating the color filter substrate
will be now explained with reference to FIGS. 5 through 14.
[0104] First, as shown in FIG. 5, a black matrix 210 is
formed on an insulating substrate 200, and color filters 220 of
red, green and blue are formed at the black matrix 210.
[0105] Then, as shown in FIG. 6, a common electrode 230
is formed on the entire surface of the substrate 200 with a
transparent conductive material such as ITO and IZO such
that it covers the black matrix 210 and the color filters 220.
[0106] As shown in FIG. 7, a photosensitive organic insu-
lating layer 150 is deposited onto the common electrode 230.
At this time, a negative or positive photosensitive layer, or a
silicon-based insulating layer may be deposited onto the com-
mon electrode 230 instead of the photosensitive organic insu-
lating layer 150.

[0107] AsshowninFIG. 8, the photosensitive organic insu-
lating layer 150 is patterned through a mask to thereby form
photosensitive organic insulating patterns 160 and 170. The
resulting photosensitive organic insulating patterns 160 and
170 have different thickness. It is preferable that the mask
should bear a slit pattern or a semitransparent film.

[0108] A method for forming such organic insulating pat-
terns using a mask with a slit pattern will be now explained
with reference to FIGS. 8 and 9.

[0109] Either a negative photosensitive material or a posi-
tive photosensitive material may be used to form the organic
insulating layer. In case a negative photosensitive material is
used for the organic insulating layer, only the light-exposed
portions of the organic insulating layer are left over after the
development.

[0110] As shown in FIG. 9, the mask M1 includes a slit
pattern placed at the B area over the color filter 220, a trans-
parent pattern placed at the A area over the black matrix A,
and an opaque pattern at the remaining C area.

[0111] When the light exposing is made using such a mask
M1, larger amount of light passes the transparent pattern than
the slit pattern. Therefore, when the photosensitive organic
insulating layer 150 is light-exposed and developed, as shown
in FIG. 8, the thickness of the negative organic insulating
layer 160 remaining at the B area is thinner than the negative
organic insulating layer 170 remaining at the A area, and the
negative organic insulating film 160 is absent at the C area.
[0112] Inthe case for an organic insulating layer bearing a
negative photosensitivity, the upper side thereof becomes
wider than the lower side thereof after the development while
forming a counter-tapering shape. But, in the subsequent
processing steps, the upper side of the organic insulating layer
is reduced in thickness while forming a perpendicularly pro-
ceeding pattern.

[0113] A method of forming organic insulating patterns
using a mask with a semitransparent film will be now
explained with reference to FIGS. 8 and 10.

[0114] Either a negative photosensitive material or a posi-
tive photosensitive material may be used to form an organic
insulating layer. In case the organic insulating layer is formed
with a positive photosensitive material, the light-exposed por-
tions thereof are removed after the development.
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[0115] As shown in FIG. 10, the mask M2 includes a semi-
transparent film placed at the B area over the color filter 220,
an opaque pattern placed at the A area over the black matrix
210, and a transparent pattern placed at the remaining C area.
[0116] When the substrate is exposed to light using the
mask M2, larger amount of light passes the transparent pat-
tern than the semitransparent pattern. Therefore, when the
organic insulating layer is light-exposed and developed, the
positive organic insulating layer remaining at the B area is
thinner than the positive organic insulating layer remaining at
the A area, and the positive organic insulating layer is absent
at the C area.

[0117] Ifa negative organic insulating layer that leaves the
light-exposed portions after the development is used to form
the organic insulating patterns, it becomes difficult to make
the portions covered by the semitransparent film have the
desired thickness after the development. Thus, it is advanta-
geous to use a positive organic insulating layer in forming the
organic insulating patterns.

[0118] In this way, the organic insulating patterns 160 and
170 of different thickness are formed using the mask with a
slit pattern or a semitransparent film. The thin organic insu-
lating pattern 160 is used to form fringe fields. The thick
organic insulating pattern 170 is used for a spacer.

[0119] As described above, the organic insulating patterns
160 and 170 of different thickness are formed through one
photolithography process, which minimizes the number of
relevant processing steps.

[0120] Meanwhile, a silicon-based insulating layer may be
used instead of the photosensitive organic insulating layer. In
this case, asilicon-based insulating layer is deposited onto the
substrate, and a photoresist film is coated onto the insulating
layer. The substrate with the insulating layer and the photo-
resist film goes through the photolithography process using a
mask with a slit pattern or a semitransparent film. In this
preferred embodiment, a negative photosensitive film is used
for the photoresist film.

[0121] AsshowninFIG. 11,aphotoresist film 152 is coated
onto a silicon-based insulating layer 151, and patterned
through a mask M3 to thereby form photoresist patterns 116
and 117. As shown in FIG. 12, the photoresist patterns 116
and 117 have different thickness.

[0122] The mask M3 includes a slit pattern placed at the B
area, an opaque pattern placed at the A area, and a transparent
pattern placed at the C area. When the photoresist film is
light-exposed through the mask M3 and developed, the pho-
toresist film remaining at the B area is thinner than the pho-
toresist film remaining at the A area. The photoresist film is
absent at the C area.

[0123] Theslit pattern placed at the B area may be replaced
by a semi-transparent pattern.

[0124] Incase anegative photoresist film is used instead of
the positive photoresist film, the mask is structured to have a
transparent pattern placed at the A area, and an opaque pattern
placed at the C area.

[0125] Thereafter, as shown in FIG. 13, the portions of the
insulating layer 151 exposed through the photoresist patterns
116 and 117 are etched while exposing the underlying com-
mon electrode 230.

[0126] As shown in FIG. 14, the photoresist patterns 116
and 117 are removed such that only the photoresist pattern
117 placed at the A area is left over with a predetermined
thickness.
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[0127] The residual photoresist pattern 117 is removed so
that insulating patterns 160 and 170 of different thickness are
completed as shown in FIG. 8.

[0128] As described above, in the liquid crystal display
according to the fourth preferred embodiment, the desired
multi-domains are made using fringe fields due to the thin
organic insulating pattern without patterning the common
electrode of the color filter substrate so that wide viewing
angle can be obtained. Furthermore, the thick organic insu-
lating pattern functions as a spacer to maintain the cell gap in
a uniform manner. In this structure, the cell gap becomes so
small that enhances the response speed. Such organic insu-
lating patterns are formed through one photolithography pro-
cess while reducing the number of relevant processing steps.
[0129] FIGS. 15A through 23B sequentially illustrate the
steps of fabricating a liquid crystal display with a thin film
transistor array substrate and a color filter substrate.

[0130] The process of fabricating the thin film transistor
array substrate will be first explained with reference to FIGS.
15A through 19B.

[0131] Asshown in FIGS. 15A and 15B, a conductive layer
of 1000-3000 A is deposited onto an insulating substrate 10
through sputtering, and patterned through photolithography
to thereby form a gate line assembly, and a storage capacitor
line assembly. The gate line assembly includes gate lines 22,
gate pads 24, and gate electrodes 26. The storage capacitor
line assembly includes storage capacitor lines 21, storage
capacitor electrodes 23, 25 and 27, and storage capacitor
electrode connectors 28 and 29.

[0132] The storage capacitor line assembly may be formed
in various shapes.

[0133] Thereafter, as shown in FIGS. 16A and 16B, a gate
insulating layer of 1500-5000 A, an amorphous silicon layer
of 500-1500 A, an impurities-doped amorphous silicon layer
of 300-600 A are sequentially deposited onto the entire sur-
face of the substrate 10. The impurities-doped amorphous
silicon layer and the amorphous silicon layer are patterned
through photolithography to thereby form an ohmic contact
pattern 52 and a semiconductor pattern 42.

[0134] As shown in FIGS. 17A and 17B, a metallic con-
ductive layer of 1500-3000 A is deposited onto the substrate
10, and patterned through photolithography to thereby form a
data line assembly. The data line assembly includes data lines
62, data pads 64, source electrodes 65, and drain electrodes
66.

[0135] The ohmic contact layer 52 is etched using the
source and the drain electrodes 65 and 66 as a mask to thereby
form an ohmic contact pattern 35 connected to the source
electrode 65, and an ohmic contact pattern 56 connected to
the drain electrode 66.

[0136] Then, as shown in FIGS. 18A and 18B, silicon
nitride is deposited onto the substrate 10 through chemical
vapor deposition, or an organic insulating film is spin-coated
thereon to form a protective layer 70.

[0137] The protective layer 70 and the gate insulating layer
30 are patterned through photolithography to thereby form
first contact holes 72 exposing the drain electrodes 66, second
contact holes 74 exposing the data pads 64, and third contact
holes 76 exposing the gate pads 24.

[0138] When the protective layer 70 is formed with the
same material as the gate insulating layer 30, the two insulat-
ing layers 30 and 70 can be etched through only one photo-
lithography process to form the contact holes 72, 74 and 76.
Furthermore, in case the protective layer 70 is formed with a
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material different from the gate insulating layer, the protec-
tive layer 70 is first patterned, and the underlying gate insu-
lating layer is etched using the protective layer as a mask to
form the contact holes 72, 74 and 76.

[0139] Thereafter, as shown in FIGS. 19A and 19B, an ITO
or I70-based layer of 400-500 A is deposited onto the entire
surface of the substrate 10 with the protective layer 70
through sputtering. The ITO or IZ0-based layer is patterned
through photolithography to thereby form pixel electrodes 80
connected to the drain electrodes 66 through the first contact
holes 72, and subsidiary data and gate pads 84 and 86 con-
nected to the data and gate pads 64 and 24 through the second
and third contact holes 74 and 76.

[0140] Each pixel electrode 80 is patterned to be divided
into a first portion 81, or second portion 82 and a third 83.
These are connected to each other via the connectors 85 and
87. The pixel electrode 80 may be formed with various
shapes.

[0141] The process of fabricating the color filter substrate
will be then explained with reference to FIGS. 20A through
23B.

[0142] Asshown in FIGS. 20A and 20B, a black matrix 210
is formed on an insulating substrate 200 with a double-lay-
ered structure of chrome/chrome oxide, and color filters 220
of red, green and blue are formed at the black matrix 210.
[0143] As shown in FIG. 21, an over-coat layer 225 is
formed on the color filter 220, and a common electrode 230 is
formed on the entire surface of the substrate 200 of a trans-
parent conductive material such as ITO and IZ0.

[0144] Thereafter, as shown in FIG. 22, a positive photo-
sensitive resin PR is coated onto the entire surface of the
substrate 200.

[0145] The photosensitive resin PR is used to form high
molecular pillars and protrusions. For instance, the photore-
sistresin PR is spin-coated onto the substrate 10 at 400 rpm to
a thickness of 3.8 pum.

[0146] Then, as shown in FIGS. 23A and 23B, protrusions
160 and high molecular pillars 170 are formed. The protru-
sions 160 and the high molecular pillars 170 may be formed
at various portions of the substrate 200.

[0147] The protrusions 160 and the high molecular pillars
170 of different heights may be simultaneously formed
through one photolithography process using one mask. The
opening width of the mask pattern (called the “pattern
width”) corresponding to the protrusion 160 is set to be
smaller than the resolution of the light exposing device. The
opening width of the mask pattern corresponding to the high
molecular pillar 170 is set to be larger than the resolution of
the light exposing device.

[0148] Itis preferable that the protrusion 160 bears a height
0f 1.0-1.2 pm, and the high molecular pillar 170 bears a height
of 3.0-4.5 um. The amount of light exposure is controlled to
be 300 mJ/cm?. Furthermore, the width of the protrusion 160
is established to be 4-14 pm, and that of the high molecular
pillar 170 to be 15-45 um.

[0149] The protrusion 160 and the high molecular pillar
170 then go through hard baking for 40 minutes at a suitable
temperature such that they bear a predetermined strength. The
height of the protrusion 160 and the high molecular pillar 170
is altered depending upon the high baking temperature. The
hard baking temperature is preferably established to be 200-
240° C.

[0150] The pattern width and the hard baking temperature
suitable for obtaining the desired height ofthe protrusion and
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the high molecular pillar are established in accordance with
the experimental data and the mathematical formulae 1,2 and
3 to be described later.

[0151] Then, the combination of the thin film transistor
array substrate and the color filter substrate is made through
the following steps.

[0152] A sealer is coated onto the periphery of the color
filter substrate, and the color filter substrate and the thin film
transistor array substrate are arranged in an appropriate man-
ner. The two substrates are heat-treated, and compressed
against each other to attach together.

[0153] Aliquid crystal material is injected between the two
substrates.
[0154] Theliquid crystal injection state of the liquid crystal

display cell is tested, and only good quality products are
selected. Polarizing plates are attached to the liquid crystal
cell to thereby complete a liquid crystal display.

[0155] The reason that the protrusion and the high molecu-
lar pillar different heights can be formed through controlling
the pattern width and the hard baking temperature will be now
explained with reference to FIGS. 24 through 28.

[0156] FIG. 24 is a graph illustrating the variation in height
of the remaining photosensitive resin pattern after the photo-
lithography process as a function of the pattern width and the
hard baking temperature.

[0157] Itis known from the graph of FIG. 24 that the nar-
rower the pattern width is, the lower the remaining photosen-
sitive resin pattern height becomes.

[0158] This also relates to the resolution of the light expos-
ing device. If the pattern width of the mask becomes smaller
than the resolution of the light exposing device, the less
intense light enters the regions of the photosensitive resin
intercepted by the mask due to the resolution of light so that
the thickness of the photosensitive resin remaining after the
development becomes smaller than the initial thickness.

[0159] Therefore, when the pattern width of the mask cor-
responding to the protrusion becomes narrower and the pat-
tern width of the mask corresponding to the high molecular
pillar becomes wider, the thickness of the photosensitive resin
sided with the pattern width smaller than the resolution of the
light exposing device becomes smaller than the initial thick-
ness. In this way, the protrusion and the high molecular pillar
of different heights can be formed in a simultaneous manner.

[0160] Meanwhile, when the photosensitive resin pattern
goes through hard baking at 200° C. or more, the height of the
remaining photosensitive resin pattern becomes further
decreased at the narrow pattern width to thereby obtain the
desired protrusion height. As shown in FIG. 24, the pattern
width of 4 um and hard-baked at 200° C., can obtain the
height of 1.3 pum suitable for the protrusion. Furthermore, the
pattern width is established to be 15 um or more with the
above conditions, can obtain the height of 3.0-3.5 pm suitable
for the high molecular pillar.

[0161] FIG. 25 is an electron microscope photograph of a
photosensitive resin remaining after the photolithography
process. FIG. 26 is a conceptual view for mathematically
inducing the sectional volume, width, and breadth of the
photosensitive resin shown in FIG. 25. FIG. 27 is a conceptual
view illustrating the sectional profile of a photosensitive resin
after the hard baking process. FIG. 28 is a graph illustrating
the variation in height H of a photosensitive resin as a function
of pattern width.
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[0162] As known from the photograph of FIG. 25, the
remaining photosensitive resin has an arc shape. From FIGS.
25 and 26, the following mathematical formulas can be
induced.

H/W={1-cos 0)/(2 sin 6) %)
W/ [4=(2 sin 8)/,(6-sin 6 cos 6) o)
H/ 4=(1~cos 8)/(0-sin 0 cos 8) 3)
B=cos™ [{(W/2/-H” )y {(W/2)+H"}} 4
[0163] Inthe above mathematical formulae 1, 2,3 and 4, 6

is the taper angle of the photosensitive resin as a function of
the hard baking temperature, H is the height of the photosen-
sitive resin, W is the pattern width of the photosensitive resin
related to the resolution, and A is the sectional volume of the
photosensitive resin.

[0164] Meanwhile, ifthe photosensitive resin is hard-baked
after the light exposure and the development, the height of the
remaining photosensitive resin becomes further lowered.
This can be confirmed at the graph of FIG. 24, and expressed
as the variation in 0 that is dependent upon the hard baking
temperature, as shown in FIG. 27. In the drawing, 61 is the
section of the photosensitive resin before the hard baking, and
02 is the section of the photosensitive resin after the hard
baking at a suitable temperature. That is, the section of the
photosensitive resin remaining after the hard baking is altered
from 61 to 62 while changing the pattern height.

[0165] Assuming that the value of 6 is the same at a prede-
termined hard baking temperature, the variation in height H
of the photosensitive resin as a function of pattern width W at
the respective values of 0 is applied to the mathematical
formulas. The results are illustrated in the graph of FIG. 28.
[0166] This agrees to the experimental results illustrated in
the graph of FI1G. 24.

[0167] It can be known from the above mathematical for-
mulas that when two factors among the height, width, sec-
tional volume, and taper angle of the photosensitive resin are
determined, the other two factors can be automatically deter-
mined. Therefore, the desired height of photosensitive resin
can be determined using the above mathematical formulas.
[0168] In the structure according to the fifth preferred
embodiment, the protrusion pattern for the domain partition-
ing and the high molecular pillars for the cell gap fixation can
be formed through one mask while reducing the number of
relevant processing steps and increasing the productivity.
[0169] FIG. 29 is a plan view of a thin film transistor array
substrate for a liquid crystal display according to a sixth
preferred embodiment of the present invention. FIG. 30 is a
cross sectional view of the thin film transistor array substrate
taken along the XXX-XXX' line of FIG. 29.

[0170] A gate line assembly is formed on an insulating
substrate 10 with a low resistance metallic material based on
aluminum, molybdenum, chrome or titanium. The gate line
assembly includes gate lines 22 proceeding in the horizontal
direction, gate pads 24 connected to ends of the gate lines 22
to receive gate signals from the outside and transmit them to
the gate lines, and gate electrodes 26 connected to the gate
lines 22 while forming thin film transistors.

[0171] The gate line assembly may be formed with a single
or multiple-layered structure. When the gate line assembly is
formed with a double-layered structure, at least one layer is
preferably formed with a metallic material bearing a low
resistance characteristic.
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[0172] A gate insulating layer 30 is formed on the insulat-
ing substrate 10 of silicon nitride while covering the gate line
assembly.

[0173] A semiconductor pattern 42 is formed on the gate
insulating layer 30 with amorphous silicon while being over-
lapped with the gate electrodes 26. Ohmic contact patterns 55
and 56 are formed on the semiconductor pattern 42 with
amorphous silicon where n type impurities are doped at high
concentration.

[0174] A dataline assembly is formed on the ohmic contact
patterns 55 and 56 and the gate insulating layer 30 with a
metallic material bearing good contact characteristic with
respect to the semiconductor layer and low resistance char-
acteristic such as molybdenum and molybdenum alloy.
[0175] The data line assembly includes data lines 62 pro-
ceeding in the vertical direction, data pads 64 connected to
ends of the data lines 62 to receive data signals from the
outside and transmit them to the data lines 62, source elec-
trodes 65 protruded from the data lines 62 while contacting
one side of ohmic contact pattern 55, and drain electrodes 66
facing the source electrodes 65 while contacting the Other
side of ohmic contact pattern 56. The source and the drain
electrodes 65 and 66 construct the thin film transistors in
association with the gate electrodes 26.

[0176] An organic insulating pattern 70 is formed on the
entire surface of the substrate 10 with the data line assembly
as a protective layer based on an organic insulating material
such as acrylic resin and benzocyclobutene (BCB). The
organic insulating pattern 70 has spacers 71 protruded from
the thin film transistors by the height of 4.5-5.5 um, first
contact holes 72 partially exposing the drain electrodes 66,
second contact holes 74 exposing the data pads 64, and third
contact holes 76 exposing the gate pads 24 together with the
gate insulating layer 30. Except for the above components,
the organic insulating pattern 70 are evenly formed at the
entire surface of the substrate 10 by the height of 2-3 pm.
[0177] Pixel electrodes 82, subsidiary data pads 84, and
subsidiary gate pads 86 are formed on the protective layer 70
with 1ZO or ITO. The pixel electrodes 82 are electrically
connected to the drain electrodes 66 through the first contact
holes 72 to receive picture signals from the data lines 62. The
subsidiary gate and data pads 84 and 86 are electrically con-
nected to the gate and data pads 24 and 64 through the second
and third contact holes 74 and 76.

[0178] A method for fabricating the thin film transistor
array substrate will be now explained with reference to FIGS.
31A, 31B, 32A, 32B, 33A, 33B, 34A, 34B and 35.

[0179] As shown in FIGS. 31A and 31B, an aluminum-
based layer having a low resistance characteristic is deposited
onto a substrate 10, and patterned through photolithography
to thereby form a gate line assembly. The gate line assembly
includes gate lines 22, gate pads 24, and gate electrodes 26.
[0180] Thereafter, as shown in FIGS. 32A and 32B, a gate
insulating layer 30 is deposited onto the substrate 10 with
silicon nitride such that it covers the gate line assembly.
[0181] A semiconductor layer and an impurities-doped
semiconductor layer are sequentially deposited onto the gate
insulating layer 30, and patterned through photolithography
to thereby form an ohmic contact pattern 52 and a semicon-
ductor pattern 42.

[0182] As shown in FIGS. 33A and 33B, a molybdenum-
based layer bearing a good contact characteristic with respect
to the semiconductor layer and a low resistance characteristic
is deposited onto the entire surface of the substrate 10, and
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patterned through photolithography to thereby form a data
line assembly. The data line assembly includes data lines 62,
data pads 64, source electrodes 65, and drain electrodes 66.
[0183] The island-shaped ohmic contact pattern 52 is
etched using the source and the drain electrodes 65 and 66 as
a mask to thereby form an ohmic contact pattern 55 contact-
ing the source electrodes 65, and an ohmic contact pattern
contacting the drain electrodes 66.

[0184] As shown in FIGS. 34A and 34B, an organic insu-
lating pattern 70 is formed on the entire surface of the sub-
strate 10 such that it has spacers 71 protruded from the thin
film transistors, first contact holes 72 partially exposing the
drain electrodes 66, second contact holes 74 exposing the data
pads 64, and third contact holes 76 contacting the gate pads
together with the gate insulating layer 30.

[0185] The organic insulating pattern 70 can be formed
through one photolithography process using one mask. This
technique will be now explained with reference to FIG. 35.
[0186] An organic insulating layer L is deposited onto the
entire surface of the substrate 10 with a photosensitive
organic insulating material. The photosensitive organic insu-
lating material can be produced through mixing a photosen-
sitive material with an organic insulating material such as
acrylic resin and BCB.

[0187] The photosensitive organic insulating layer L is
exposed to light through a mask (not shown) having different
light transmission. At this time, a mask bearing a slit or lattice
pattern or a semitransparent film is used to control the light
transmission. It is preferable that the pattern width should be
smaller than the light decomposition capacity of the light
exposing device. In the case of a semitransparent film, thin
films of different light transmission or different thickness can
be used to control the light transmission.

[0188] In the photosensitive organic insulating layer L, the
mask region entirely exposed to light is placed at the area C
where the first contact hole 72, the second contact hole 74 and
the third contact holes 76 are formed. The mask region
entirely blocked from the light is placed at the area A where
the spacers 71 are formed. The slit pattern or the semitrans-
parent film of the mask is placed at the remaining B area.
[0189] When the photosensitive organic insulating layer L
is exposed to light through such a mask, the high molecules at
the C area are completely decomposed, those at the B area are
decomposed by a predetermined thickness (for example, by
half the thickness of the organic insulating layer), and those at
the A area are not nearly decomposed. If the light exposure is
too long, all of the molecules are liable to be decomposed.
[0190] Instead of one mask, two masks may be used to
expose the organic insulating layer to light in a double man-
ner.

[0191] For this purpose, the portions of the organic insulat-
ing layer at the C area of the first, second and third contact
holes 72, 74 and 76 are exposed to light through a first mask,
and the portions of the organic insulating layer at the B and C
areas except for the A area where the spacers 71 are formed
are exposed to light through a second mask. Then, the light-
exposed organic insulating layer is developed to thereby form
an organic insulating pattern 70. It is preferable that the light
exposure is preferably controlled at the light exposing based
on the second mask to decompose the organic insulating layer
only by a predetermined thickness.

[0192] When the selectively light-exposed organic insulat-
ing layer is developed, the portions where the polymers are
not decomposed are left over, and the portions where the
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polymers are decomposed at some degree are partially left
over. Consequently, as shown in FIG. 34B, an organic insu-
lating pattern 70 is completed.

[0193] Of course, the organic insulating pattern 70 may be
formed using a negative photosensitive organic insulating
material where the light-exposed portions are left over. In this
case, the region of the mask blocking light is placed at the C
area where the first, second and third contact holes 72, 74 and
76 are formed, and the region of the mask transmitting light is
placed at the A area where the spacers 71 are formed. The slit
pattern or the semitransparent film of the mask is placed atthe
B area.

[0194] Thereafter, the gate insulating layer 30 is etched
using the organic insulating pattern 70 as a mask to thereby
form third contact holes 76 exposing the gate pads 24.
[0195] In order to heighten the light transmission of the
organic insulating pattern 70, the step of hardening the
organic insulating pattern 70 may be added.

[0196] As shown in FIGS. 29 and 30, an ITO or IZO-based
layer is deposited onto the substrate 10 with the organic
insulating pattern 70, and patterned through photolithogra-
phy to thereby form pixel electrodes 82 contacting the drain
electrodes 66 through the first contact holes 72, and subsid-
iary gate and data pads 86 and 84 contacting the gate and data
pads 24 and 64 through the second and third contact holes 76
and 74.

[0197] The subsequent processing steps are then made to
thereby complete a thin film transistor array substrate.
[0198] As described above, in the thin film transistor array
substrate according to the sixth preferred embodiment, the
spacers are made during the photolithography process for
forming the contact holes at the organic insulating layer with-
out separate processing steps, and this simplifies the relevant
processing steps.

[0199] FIG. 36 is a plan view of a thin film transistor array
substrate according to a seventh preferred embodiment of the
present invention, and FIGS. 37 and 38 are cross sectional
views of the thin film transistor array substrate taken along the
XXXVII-XXXVIT line and the XXX VIII-XXXVIIT of FIG.
36.

[0200] A gate line assembly is formed on an insulating
substrate 10 with a low resistance metallic material such as
aluminum, molybdenum, chrome and titanium. The gate line
assembly includes gate lines 22 proceeding in the horizontal
direction, gate pads 24 connected to ends of the gate lines 22
to receive gate signals from outside and transmit them to the
gate lines 22, and gate electrodes 26 connected to the gate
lines 22. Storage capacitor electrodes 28 are arranged parallel
to the gate lines 22.

[0201] The storage capacitor electrodes 28 overlap storage
capacitor conductive patterns 68 connected to pixel elec-
trodes 82 to be described later to thereby form storage capaci-
tors. The storage capacitors enhance the electric potential
storage capacity of the pixels. In case sufficient storage capac-
ity is obtained through the overlapping of the pixel electrodes
82 and the gate lines, the storage capacitor electrodes 28 may
be omitted.

[0202] The gate line assembly may be formed with a single
or multiple-layered structure. In case the gate line assembly is
formed with a double-layered structure, at least one layer is
preferably formed with a low resistance metallic material.
[0203] A gate insulating layer 30 is formed on the insulat-
ing substrate 10 with an insulating material such as silicon
nitride while covering the gate line assembly.
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[0204] Semiconductor patterns 42 and 48 are formed on the
gate insulating layer 30 with a semiconductor material such
as amorphous silicon, and ohmic contact patterns 55, 56 and
58 are formed on the semiconductor patterns 42 and 48 with
amorphous silicon where impurities are doped.

[0205] A dataline assembly is formed on the ohmic contact
patterns 55, 56 and 58 with a low resistance metallic material
bearing good contact characteristic with the semiconductor
layer, such as molybdenum.

[0206] The data line assembly includes data lines 62 pro-
ceeding in the horizontal direction while crossing over the
gate lines 22, data pads 64 connected to ends of the data lines
62 to receive data signals from the outside and transmit them
to the data lines 62, source electrodes 65 protruded from the
data lines 62 while contacting one side of the ohmic contact
pattern 55, and drain electrodes 66 facing the source elec-
trodes 65 while contacting the other side of the ohmic contact
pattern 56. Storage capacitor conductive patterns 68 are
placed over the storage capacitor electrodes 28.

[0207] The semiconductor patterns 42 and 48 include a thin
film transistor semiconductor pattern 42, and a storage
capacitor semiconductor pattern 48. The semiconductor pat-
terns 42 and 48 have the same shape as the data line assembly
and the ohmic contact patterns 55, 56 and 58 except for the
channel region between the source and the drain electrodes 65
and 66. That is, the storage capacitor semiconductor pattern
48 has the same shape as the storage capacitor conductive
pattern 68 and the storage capacitor ohmic contact pattern 58.
The thin film transistor semiconductor pattern 42 has the
same shape as the data lines 62, the data pads 64, and the
source and drain electrodes 65 and 66 except that it further
includes the channel portion between the source and the drain
electrodes 65 and 66.

[0208] The ohmic contact patterns 55, 56 and 58 lower the
contact resistance between the underlying semiconductor
patterns 42 and 48 and the overlying data line assembly while
bearing the same shape as the data line assembly. The first
ohmic contact pattern 55 contacts the data lines 62, the data
pads 64 and the source electrodes 65, the second ohmic con-
tact pattern 56 contacts the drain electrodes 66, and the third
ohmic contact pattern 58 contacts the storage capacitor con-
ductive pattern 68.

[0209] An organic insulating pattern 70 is formed on the
entire surface of the substrate 10 with the data line assembly
of an organic insulating material such as acrylic resin and
BCB. The organic insulating pattern 70 has spacers 71 pro-
truded from the thin film transistors by the height of 4.5-5.5
um, first contact holes partially exposing the drain electrodes
66, second contact holes 74 exposing the data pads 64, third
contact holes 76 exposing the gate pads 24 together with the
gateinsulating layer 30, and fourth contact holes exposing the
storage capacitor conductive pattern 68. Except for the above
components, the organic insulating pattern 70 is evenly
formed on the entire surface of the substrate 10 by the height
of 2-3 pm.

[0210] Pixel electrodes 82, and subsidiary gate and data
pads 86 and 84 are formed on the organic insulating pattern 70
with IZO or ITO. The pixel electrodes 82 contact the drain
electrodes 66 and the storage capacitor conductive pattern 68
through the first and fourth contact holes 72 and 78. The
subsidiary gate and data pads 86 and 84 contact the gate and
data pads 24 and 64 through the second and third contact
holes 74 and 76.
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[0211] A method for fabricating the thin film transistor
array substrate will be now explained with reference to FIGS.
39A through 47B.

[0212] As shown in FIGS. 39A, 39B and 39C, an alumi-
num-based layer bearing a low resistance is deposited onto a
substrate 10, and patterned through photolithography to
thereby form a gate line assembly. The gate line assembly
includes gate lines 22, gate pads 24, gate electrodes, and a
storage capacitor conductive pattern 28.

[0213] A gate insulating layer 30 is deposited onto the
substrate 10 with an insulating material such as silicon nitride
while covering the gate line assembly.

[0214] As shown in FIGS. 40A, 40B and 40C, a semicon-
ductor layer, an impurities-doped semiconductor layer and a
metallic layer are sequentially deposited onto the gate insu-
lating layer, and patterned through photolithography to
thereby form semiconductor patterns 42 and 48, ohmic con-
tact patterns 55, 56 and 58, and a data line assembly. The data
line assembly includes data lines 62, data pads 64, source
electrodes 65, drain electrodes 66, and storage capacitor elec-
trodes 68. It is preferable that the metallic layer for the data
line assembly is based on a low resistance metallic material
bearing good contact characteristic with respect to the semi-
conductor layer such as molybdenum.

[0215] The data line assembly has the same outline as the
underlying ohmic contact patterns 55, 56 and 58 that have in
turn the same outline as the underlying semiconductor pat-
terns 42 and 48 for the thin film transistors and the storage
capacitors. The thin film transistor semiconductor pattern 42
has the same shape as the data lines 62, the data pads 64, and
the source and drain electrodes 65 and 66 except that it further
has the channel portion between the source and the drain
electrodes 65 and 66.

[0216] The data line assembly, the ohmic contact patterns
55,56 and 58, and the semiconductor patterns 42 and 48 may
be formed using only one mask. This technique will be now
explained with reference to FIGS. 41A through 45B.

[0217] As shown in FIGS. 41A and 41B, a semiconductor
layer 40, an impurities-doped semiconductor layer 50 are
sequentially deposited onto the gate insulating layer 30
through chemical vapor deposition, and subsequently, a
metalliclayer 60 is deposited onto the impurities-doped semi-
conductor layer 50.

[0218] Thereafter, as shown in FIGS. 42A and 42B, a pho-
toresist film is coated onto the metallic layer 60. The photo-
resist film is exposed to light through a mask (not shown), and
developed to thereby form first and second photoresist pat-
terns 112 and 114. The first photoresist pattern 112 is placed
at the data line area A, and the second photoresist pattern 114
is placed at the channel area C between the source and the
drain electrodes 65 and 66. The photoresist film at the remain-
ing area B is all removed. The first photoresist pattern 112 has
athickness larger than the second photoresist pattern 114. The
thickness ratio of the second photoresist pattern 114 to the
first photoresist pattern 112 should be determined depending
upon the processing conditions at the subsequent etching. The
thickness ratio is preferably established to be V2.

[0219] The photoresist pattern of different thickness is
formed using a mask of different light transmission. In order
to control the light transmission, the mask is provided with a
slit orlattice pattern or a semitransparent film. It is preferable
that the pattern width should be smaller than the decomposi-



US 2009/0128725 Al

tion capacity of the light exposing device. In the case of a
semitransparent film, a thin film of different light transmis-
sion or thickness can be used.

[0220] The photoresist film is exposed to light through such
a mask, the high molecules at the area C directly exposed to
light are completely decomposed, those at the area B corre-
sponding to the slit pattern or the semitransparent film are
decomposed at some degree, and those at the area A blocked
from the light are not nearly decomposed. If the light expo-
sure is too long, all of the molecules are liable to be decom-
posed.

[0221] When the selectively light-exposed photoresist film
is developed, the portions where the molecules are not
decomposed are left over so that the thickness of the photo-
resist pattern blocked from light is different from the portions
partially exposed to light.

[0222] As shown in FIGS. 43A and 43B, the metallic layer
60 at the B area is etched using the photoresist patterns 112
and 114 as a mask while exposing the underlying impurities-
doped semiconductor layer 50.

[0223] Consequently, the metallic patterns 67 and 68
placed at the channel area C and the data line assembly area A
are left over, and the metallic layer at the remaining area B is
removed while exposing the underlying impurities-doped
semiconductor layer 50. The metallic pattern 68 becomes a
storage capacitor conductive pattern, and the metallic pattern
67 becomes a data line assembly where the source and the
drain electrodes 65 and 66 are not yet separated.

[0224] Thereafter, as shown in FIGS. 44A and 44B, the
impurities-doped semiconductor layer 50 at the B area and
the underlying semiconductor layer 40 are simultaneously
removed through dry etching together with the second pho-
toresist pattern 114. At this time, the etching should be made
in condition that the photoresist patterns 112 and 114, the
impurities-doped semiconductor layer 50 and the semicon-
ductor layer 40 are simultaneously etched while not etching
the gate insulating layer 30. It is preferable that the etching
ratios with respect to the photoresist patterns 112 and 114 and
the semiconductor layer 40 are nearly the same. For instance,
the two layers can be etched by nearly the same thickness
using a mixture of SF and HCI or a mixture of SF¢ and O,.

[0225] In case the etching ratios with respect to the photo-
resist patterns 112 and 114 and the semiconductor layer 40 are
the same, the thickness of the second photoresist pattern 114
should be the same as or smaller than the sum in thickness of
the semiconductor layer 40 and the impurities-doped semi-
conductor layer 50.

[0226] Consequently, the second photoresist pattern 114 at
the channel area C is removed while exposing the underlying
metallic pattern 67, and the impurities-doped semiconductor
layer 50 and the semiconductor layer 40 at the B area are
removed while exposing the underlying gate insulating layer
30. Meanwhile, the first photoresist pattern 112 at the data
line assembly area A is also etched while being reduced in
thickness.

[0227] In this process, the semiconductor patterns 42 and
48 for the thin film transistors and the storage capacitors are
completed.

[0228] Furthermore, an ohmic contact pattern 57 is formed
on the thin film transistor semiconductor pattern 42 with the
same outline, and an ohmic contact pattern 58 is formed on
the storage capacitor semiconductor pattern 48 with the same
outline.
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[0229] The second photoresist pattern remaining on the
metallic pattern 67 at the channel area ¢ is removed through
ashing.

[0230] Thereafter, as shown in FIGS. 45A and 45B, the
metallic pattern 67 at the channel area C and the underlying
ohmic contact pattern 57 are etched using the first photoresist
pattern 112 as a mask.

[0231] At this time, the semiconductor pattern 42 may be
partially etched while being reduced in thickness. The first
photoresist pattern 112 is also etched by a predetermined
thickness. The etching should be made in condition that the
gate insulating layer 301s not etched. The thickness of the first
photoresist pattern 112 is preferably so large as to prevent the
underlying data line assembly from being exposed to the
outside through the etching.

[0232] In this process, the source and the drain electrodes
65 and 66 are separated from each other. That is, the data lines
62, the source electrodes 65 and the drain electrodes 68 are
completed together with the underlying ohmic contact pat-
terns 55, 56 and 58.

[0233] Thereafter, as shown in FIGS. 46A, 46B and 46C,
the first photoresist pattern 112 remaining at the substrate 10
is removed through ashing.

[0234] An organic insulating pattern 70 is then formed on
the entire surface of the substrate 10 such that it has spacers 71
protruded from the thin film transistors, first contact holes 72
partially exposing the drain electrodes 66, second contact
holes 76 exposing the data pads 64, third contact holes 74
exposing the gate pads 24 together with the gate insulating
layer 30, and fourth contact holes 78 exposing the storage
capacitor conductive pattern 68.

[0235] The organic insulating pattern 70 may be formed
through one photolithography process. This technique will be
now explained with reference to FIGS. 47A and 47B.
[0236] An organic insulating layer [ is deposited onto the
entire surface of the substrate 10 with the data line assembly
based on a photosensitive organic insulating material. The
photosensitive organic insulating material can be prepared
through mixing a photosensitive material with acrylic resin or
BCB.

[0237] Thereafter, the photosensitive organic insulating
layer L is selectively exposed to light through a mask (not
shown) of different light transmission.

[0238] In the photosensitive organic insulating layer L, the
region of the mask directly exposed to light is placed at the C
area where the first through fourth contact holes 72, 74. 76
and 78 are formed, the region of the mask blocked from light
is placed at the A area where the spacers 71 are formed, and
the slit pattern or the semitransparent film of the mask is
placed at the remaining B area.

[0239] When the photosensitive organic insulating layer L.
is exposed to light through such a mask, the molecules at the
C area are completely decomposed, those at the B area are
decomposed by a predetermined thickness, and those at the A
area are barely decomposed. In case the light exposure is too
long, all of the molecules are liable to be decomposed.
[0240] The light exposing with respect to the organic insu-
lating layer may be made using two masks.

[0241] For this purpose, the portions of the organic insulat-
ing layer at the C area where the first through fourth contact
holes are formed are exposed to light using a first mask, and
the portions at the B and C areas except for the A area where
the spacers 71 are formed are exposed to light using a second
mask. The organic insulating layer is then developed to form
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an organic insulating pattern 70. The amount of light expo-
sure should be controlled such that the organic insulating
layer is not completely decomposed.

[0242] When the selectively light-exposed organic insulat-
ing layer is developed, only the portions thereof where the
molecules are not decomposed are left over. Consequently, as
shown in FIGS. 46B and 46C, the organic insulating pattern
70 of different thickness is completed.

[0243] Of course, the organic insulating pattern 70 may be
formed using a negative photosensitive organic insulating
material where the light-exposed portions are left over. In this
case, the region of the mask intercepted from light is placed at
the C area where the first through fourth contact holes 72, 74,
76 and 78 are formed, and the region of the mask exposed to
light is placed at the A area where the spacers 71 are formed.
The slit pattern or the semitransparent film of the mask is
placed at the B area.

[0244] Thereafter, the gate insulating layer 30 is etched
using the organic insulating pattern 70 as a mask to thereby
form third contact holes 76 exposing the gate pads 24.
[0245] In order to heighten the light transmission of the
organic insulating pattern 70, the step of hardening the
organic insulating pattern 70 may be additionally made.
[0246] As shown in FIGS. 36, 37 and 38, an ITO or IZO-
based layer is deposited onto the substrate 10 with the organic
insulating pattern 70, and patterned through photolithogra-
phy to thereby form pixel electrodes 82 contacting the drain
electrodes 66 and the storage capacitor conductive pattern 68
through the first and fourth contact holes 72 and 78, and
subsidiary gate and data pads 86 and 84 contacting the gate
and data pads 24 and 64 through the second and third contact
holes 76 and 74.

[0247] The subsequent processing steps are then made to
thereby complete a thin film transistor array substrate.
[0248] As described above, in the thin film transistor array
substrate according to the seventh preferred embodiment, the
spacers are made during the photolithography process for
forming the contact holes at the organic insulating layer with-
out requiring separate processing steps, and this simplifies the
relevant processing steps.

[0249] FIG. 48 is a plan view of a thin film transistor array
substrate according to an eighth preferred embodiment of the
present invention, and FIG. 49 is a cross sectional view of the
thin film transistor array substrate taken along the XXXXIX-
XXXXIX' line of FIG. 48.

[0250] The basic structure of the thin film transistor array
substrate according to the eighth preferred embodiment is the
same as that related to the fifth preferred embodiment except
for the pattern shape of the protective layer 70. In the fifth
preferred embodiment, the spacers are formed at the color
filter substrate. However, in this preferred embodiment, the
spacers 71 are formed at the thin film transistor array substrate
together with the protective layer 70.

[0251] As shown in FIG. 49, the protective layer 70 based
on an organic insulating material has spacers 71 protruded
from the thin film transistors by the height of 4.5-5.5 pm, first
contact holes 72 partially exposing the drain electrodes 66,
second contact holes 74 exposing the data pads 64, and third
contact holes 76 exposing the gate pads 24 together with the
gate insulating layer 30. Except for the above components,
the protective layer 70 is evenly formed on the entire surface
of the substrate 10 by the height of 2-3 pm.

[0252] Pixel electrodes each with patterned electrode por-
tions 81, 82, 83, 85 and 87, and subsidiary gate and data pads
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86 and 84 are formed on the protective layer 70. The pixel
electrodes contact the drain electrodes 66 through the first
contact holes 72, and the subsidiary gate and data pads 86 and
84 contact the gate and data pads 24 and 64 through the
second and third contact holes 74 and 76.

[0253] The above-structured thin film transistor array sub-
strate is combined with the color filter substrate where a
common electrode (not shown) with an opening pattern (indi-
cated by the dotted line in FIG. 48) to thereby form a liquid
crystal display. In such a liquid crystal display, the pixel
electrode pattern and the opening pattern of the common
electrode partition the liquid crystal so that a plurality of
liquid crystal domains are formed at one pixel region, realiz-
ing wide viewing angle.

[0254] The method for fabricating the thin film transistor
array substrate is the same as that related to the fifth preferred
embodiment except for the process of forming the protective
layer 70.

[0255] The process of forming the protective layer 70 with
the spacers 71 and the contact holes 72, 74 and 76 is the same
as that related to the sixth and seventh preferred embodi-
ments.

[0256] As described above, since the spacers are formed
during the process of patterning the organic insulating layer to
form contact holes, the processing steps of forming the spac-
ers such as the steps of coating a photoresist film, light-
exposing the photoresist film and developing the photoresist
film can be omitted, and this sigmficantly reduces the number
of relevant processing steps.

[0257] As the spacers are fixed to the substrates, the picture
quality is enhanced while minimizing variation in the bright-
ness. Furthermore, as the spacers are formed together with the
organic insulating pattern, the processing steps can be sim-
plified.

[0258] While the present invention has been described in
detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications
and substitutions can be made thereto without departing from
the spirit and scope of the present invention as set forth in the
appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate;

a liquid crystal layer being sandwiched between the first
and second substrates;

a gate line and a data line provided on the first substrate;

a plurality of pixel electrodes provided on the first sub-
strate;

a plurality of domain dividers disposed on the second sub-
strate, the domain dividers comprising bodies that are
arranged obliquely with respect to the gate line and
branches extending from the bodies in a first direction
along edges of the pixel electrodes; and

a first spacer arranged on the gate line and extending in a
second direction from where one ofthe bodies meets one
of the edges of the pixel electrodes, the second direction
being opposite the first direction.

2. The liquid crystal display as claimed in claim 1, further

comprising:

aplurality of openings provided in the pixel electrodes; and

the openings and the bodies are arranged alternately.

3. The liquid crystal display as claimed in claim 2, wherein

the domain dividers further comprise a trunk extended from
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one of the bodies and disposed on the second substrate, the
trunk and one of the openings being arranged collinearly.

4. The liquid crystal display as claimed in claim 3, further
comprising a first storage capacitor line provided on the first
substrate and disposed at one of the edges of the pixel elec-
trodes or at a center portion of one of the pixel electrodes.

5. The liquid crystal display as claimed in claim 4, further
comptrising a second storage capacitor line provided on the
first substrate, and extended from the first storage capacitor
line and along an extending direction of the data line.

6. The liquid crystal display as claimed in claim 3, further
comprising a second spacer formed at a location adjacent to
the trunk.

7. The liquid crystal display as claimed in claim 1, wherein
each of the bodies is linear shape or chevron shape, and
wherein the domain dividers further comprise a trunk
extended from the chevron shape body.

8. The liquid crystal display as claimed in claim 7, further
comprising a first storage capacitor line provided on the first
substrate and disposed at one of the edges of the pixel elec-
trodes or at a center portion of one of the pixel electrodes.

9. The liquid crystal display as claimed in claim 8, further
comprising a second storage capacitor line provided on the
first substrate, and extended from the first storage capacitor
line and along an extending direction of the data line.

10. The Liquid crystal display as claimed in claim 7, further
comprising a second spacer formed at a location adjacent to
the trunk.

11. The liquid crystal display as claimed in claim 1,
wherein the domain dividers are protrusions or openings.

12. A liquid crystal display, comprising:

a first substrate and a second substrate;

a liquid crystal layer being sandwiched between the first

and second substrates;

a gate line and a data line provided on the first substrate;

a pixel electrode formed on the first substrate;

aplurality of domain dividers disposed on the second sub-

strate, the domain dividers comprising bodies arranged
obliquely with respect to the gate line, branches extend-
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ing from the bodies along edges of the pixel electrode,
and a trunk extended from one of the bodies;

a first spacer arranged on the gate line;

asecond spacer arranged at a location adjacent to the trunk.

13. The liquid crystal display as claimed in claim 12,
wherein one of the branches is extending in a first direction
and the first spacer is extending in a second direction from
where one of the bodies meets one of the edges of the pixel
electrode, the second direction being opposite the first direc-
tion.

14. The liquid crystal display as claimed in claim 12, fur-
ther comprising:

a plurality of openings provided in the pixel electrode; and

the openings and the bodies are arranged alternately,

wherein the trunk and one of the openings being arranged
collinearly.

15. The liquid crystal display as claimed in claim 14, fur-
ther coniprising a first storage capacitor line provided on the
first substrate and disposed at one of the edges of the pixel
electrode or at a center portion of the pixel electrode.

16. The liquid crystal display as claimed in claim 15, fur-
ther comprising a second storage capacitor line provided on
the first substrate, and extended from the first storage capaci-
tor line and along an extending direction of the data line.

17. The liquid crystal display as claimed in claim 12,
wherein each of the bodies is linear shape or chevron shape
and wherein the trunk is extended from the chevron shape
body of the bodies.

18. The liquid crystal display as claimed in claim 12, fur-
ther coniprising a first storage capacitor line provided on the
first substrate and disposed at one of the edges of the pixel
electrode or at a center portion of the pixel electrode.

19. The liquid crystal display as claimed in claim 18, fur-
ther comprising a second storage capacitor line provided on
the first substrate, and extended from the first storage capaci-
tor line and along an extending direction of the data line.

20. The liquid crystal display as claimed in claim 12,
wherein the domain dividers are protrusions or openings.
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