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(57) ABSTRACT

A liquid crystal display is provided, which includes a first
insulating substrate; a gate line formed on the first insulating
substrate; a gate insulating layer formed on the gate line; a
data line formed on the gate insulating layer, a passivation
layer formed on the data line; a pixel electrode formed on the
passivation layer and a first cutout pattern; a second insu-
lating substrate facing the first insulating substrate; and a
common electrode formed on the second insulating substrate
and having a second cutout pattern, wherein width of the

(KR) e 2002/42658 domains is equal to or less than 30 microns
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VERTICALLY ALIGNED MODE LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a vertically aligned
mode liquid crystal display, and, in particular, to a vertically
aligned mode liquid crystal display including an electrode
with cutouts for securing wide viewing angle.

[0003] (b) Description of Related Art

[0004] A typical liquid crystal display (“LCD”) includes
an upper panel with a reference electrode and color filters,
a lower panel with thin film transistors (“TFTs”) and pixel
electrodes and a liquid crystal layer with dielectric anisot-
ropy interposed therebetween, and displays desired images
by applying different voltages to the reference electrode and
the pixel electrodes to generate electric field in the liquid
crystal layer, which changes the orientations ofliquid crystal
molecules to control the light transmittance.

[0005] Among these LCDs, a vertically aligned mode
LCD (referred to as a “VALCD?” hereinafter), which aligns
the major axes of the liquid crystal molecules vertical to
upper and lower panels in absence of electric field, is
promising because of its high contrast ratio and wide view-
ing angle.

[0006] To implement wide viewing angle in the VALCD,
a cutout pattern or protuberances are provided on the elec-
trode. Both generate fringe field to regularly distribute tilt
directions of the liquid crystal molecules into four direc-
tions, thereby giving wide viewing angle. A patterned-
vertically-aligned (PVA) mode LCD including cutout pat-
terns among these LCDs is recognized as a substitute wide
viewing angle technology of an in-plane-switching (IPS)
mode LCD.

[0007] The PVA mode LCD has relatively fast response
time compared with a twisted nematic (TN) LCD since the
behavior of the liquid crystal molecules is not twisted and
includes only elastic motions such as splay or bent in a
direction perpendicular to field direction. However, the
maturity of the LCD TV market requires a response time
faster than the current response time of 25 ms. The response
time may be increased as the dielectric anisotropy becomes
higher to induce stronger electric field into the liquid crystal
molecules. Tt is known that the response time becomes
shorter as the rotational viscosity becomes low since the
lower viscosity reduces the behavior of the liquid crystal
molecules and the restoring time upon removal of the
electric field. Accordingly, although several techniques for
improving the response time by adjusting liquid crystal
material are suggested, the liquid crystals having negative
dielectric anisotropy has a limitation to improvement of the
dielectric anisotropy and reduction of rotational viscosity.
Therefore, the improvement of the response time by means
of improvement of liquid crystal material is limited.

(a) Field of the Invention

SUMMARY OF THE INVENTION

[0008] A motivation of the present invention is to improve
response time of an LCD.

[0009] To accomplish these and other motivation, the
present invention optimizes the width of electrodes and

Jul. 6, 2006

cutouts. The width of the cutouts for generating fringe field
basically satisfies a relation (width of cutouts)/ (cell
gap)21.0.

[0010] In detail, a thin film transistor array panel for liquid
crystal display is provided, which includes: a first insulating
substrate; a gate line formed on the first insulating substrate;
a gate insulating layer formed on the gate line; a data line
formed on the gate insulating layer; a passivation layer
formed on the data line; a pixel electrode formed on the
passivation layer; a second insulating substrate facing the
first insulating substrate; a common electrode formed on the
second insulating substrate; a first domain partitioning mem-
ber formed on at least one of the first and the second
insulating substrates; and a second domain partitioning
member formed on at least one of the first and the second
insulating substrates and partitioning a pixel region into a
plurality of domains along with the first domain partitioning
member, wherein width of the domains is equal to or less
than 30 microns.

[0011] The width of the domains is preferably equal to or
less than 28 microns, 22 microns, or 17 microns.

[0012] The first domain partitioning member may include
a cutout provided at the pixel electrode and the second
domain partitioning member may include a cutout provided
at the common electrode. The width of the second domain
partitioning member is preferably equal to or less than 24
microns or 5 microns. Extension of the domains preferably
makes an angle of 45 degrees or 135 degrees with the gate
line. The data line may have a triple-layered structure
including an amorphous silicon layer, a doped amorphous
silicon layer, and a metal layer.

[0013] A liquid crystal display is provided, which
includes: a first insulating substrate; a gate wire formed on
the first insulating substrate and including a gate line, a gate
electrode connected to the gate line, and a gate pad con-
nected to the gate line; a storage electrode wire formed on
the first insulating substrate and including a storage elec-
trode line and a storage electrode branched from the storage
electrode lines; a gate insulating layer formed on the gate
wire and the storage electrode wire; an amorphous silicon
layer formed on the gate insulating layer; a contact layer
formed on the amorphous silicon layer; a data wire formed
on the contact layer and including a data line intersecting the
gate line, a data pad connected to the data line, a source
electrode connected to the data line and located adjacent to
the gate electrode, and a drain electrode located opposite the
source electrode with respect to the gate electrode; a passi-
vation layer formed on the data wire; a pixel electrode
formed on the passivation layer, connected to the drain
electrode, and having a first cutout pattern; facing the first
insulating substrate; a black matrix formed on the second
insulating layer and defining a pixel area; a color filter
formed on the pixel area; and a common electrode formed on
the color filter and having a second cutout pattern, wherein
width of the second cutout pattern is equal to or less than 24
microns.

[0014] The liquid crystal display further includes a liquid
crystal layer interposed between the first insulating substrate
and the second insulating substrate, wherein liquid crystal
molecules included in the liquid crystal layer are aligned
perpendicular to the first insulating substrate in absence of
electric field. The width of the second cutout pattern is
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preferably equal to or less than 5 microns, and the width of
the first and the second cutout patterns is equal to or less than
cell gap of the liquid crystal layer. The first and the second
cutout patterns preferably partition a pixel region into a
plurality of domains, and the width of the domains is equal
to or less than 28 microns, 22 microns, and 17 microns.
Preferably, the liquid crystal display further includes an
overcoat interposed between the color filter and a common
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1is alayout view of a TFT array panel for an
LCD according to a first embodiment of the present inven-
tion;

[0016] FIG. 2 is alayout view of a color filter panel for an

LCD according to the first embodiment of the present
invention;

[0017] FIG. 3 is a layout view of an LCD according to the
first embodiment of the present invention;

[0018] FIG. 4 is a sectional view taken along the line
IV-IV' in FIG. 3;

[0019] FIG. 5 is a graph showing response characteristic
depending on electrode distance (i.e., width of domains) in
a PVA mode LCD;

[0020] FIG. 6 is a graph showing response time for
electrode width (i.e., width of the domains);

[0021] FIG. 7 is a graph representing ON cusp position
depending on electrode width (i.e., width of the domains),

[0022] FIG. 8 is a graph showing response time of texture
for electrode width (i.e., width of the domains);

[0023] FIG. 9 is a graph showing the second transmissive
efficiency depending on electrode distance (i.e., width of
domains);

[0024] FIG. 10 shows the third transmissive efficiency
depending on electrode distance (i.e., width of domains);

[0025] FIG. 11 is a graph showing response characteris-
tics as function of the width of cutouts of a common
electrode in a PVA mode LCD;

[0026] FIG. 12 is a graph showing the transmittance as
function of the width of cutouts of a common electrode in a
PVA mode LCD;

[0027] FIGS. 13 to 17 are sectional views of a TFT array
panel for an LCD sequentially showing the steps of a
manufacturing method thereof using five masks; and

[0028] FIGS. 18A and 18B to FIGS. 26A and 26B are
sectional views of a TFT array panel for an LCD sequen-
tially showing the steps of a manufacturing method thereof
using four masks.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] Embodiments of the present invention will be
described in detail with reference to accompanying drawings
for those skilled in the art to practice easily. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein.
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[0030] Inthe drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like
elements throughout. It will be understood that when an
element such as a layer, film, region, substrate or panel is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present In contrast, when an element is referred to as being
“directly on” another element, there are no intervening
elements present

[0031] Then, thin film transistor array panels for liquid
crystal displays according to embodiments of the present
invention will be described with reference to the drawings.

[0032] FIG.1 is alayout view of a TFT array panel for an
LCD according to a first embodiment of the present inven-
tion, FIG. 2 is a layout view of a color filter panel for an
LCD according to the first embodiment of the present
invention, FIG. 3 is a layout view of an LCD according to
the first embodiment of the present invention, and FIG. 4 is
a sectional view taken along the line IV-IV' in FIG. 3.

[0033] An LCD includes a lower substrate 110, an upper
substrate 210 opposite thereto and a liquid crystal layer 3
interposed between the substrates 110 and 210 and including
liquid crystal molecules aligned vertical to the substrates 110
and 210.

[0034] A plurality of pixel electrodes 190 are formed on an
inner surface of the lower substrate 110 preferably made of
transparent insulating material such as glass. The pixel
electrodes 190 are preferably made of transparent conduc-
tive material such as ITO (indium tin oxide) and 17O
(indium zinc oxide) and have a plurality of cutouts 191, 192
and 193. The respective pixel electrodes 190 are connected
to TFTs to be applied with image signal voltages. The TFTs
are connected to a plurality of gate lines 121 transmitting
scanning signals and a plurality of data lines 171 transmit-
ting image signals, to be turned on or off in response to the
scanning signals. A lower polarizer 12 is attached on an
outer surface of the lower substrate 110. For a reflective
LCD, the pixel electrodes 190 are not made of transparent
material, and the lower polarizer 12 is unnecessary.

[0035] A black matrix 220 for blocking light leakage, a
plurality of the red, green and blue color filters 230 and a
reference electrode 270 preferably made of transparent
conductive material such as ITO and IZO are formed on an
inner surface of the upper substrate 210 preferably made of
transparent insulating material such as glass. A plurality of
cutouts 271, 272 and 273 are provided on the reference
electrode 270. Although the black matrix 220 overlaps the
boundaries of pixel areas, it may further overlap the cutouts
271, 272 and 273 of the reference electrode 270 in order for
blocking light leakage generated by the cutouts 271,272 and
273.

[0036] An LCD according to the first embodiment will be
described more in detail.

[0037] A plurality of gate lines 121 extending substan-
tially in a transverse direction are formed on a lower
insulating substrate 110. A plurality of expansions of each
gate line 121 form a plurality of gate electrodes 123 and an
end of each gate line 121 forms a gate pad 125. A plurality
of storage electrode lines 131 extending substantially par-
allel to the gate lines 121 are also formed on the insulating
substrate 110. A plurality of pairs of storage electrodes 133a
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and 1334 extending in a longitudinal direction are branched
from each storage electrode line 131 are connected to each
other via a storage electrode 133¢ extending in the trans-
verse direction. The number of the storage electrode lines
131 may be two or more. The gate lines 121, the gate
electrodes 123, the storage electrode lines 131 and the
storage electrodes 133 are preferably made of metal such as
Al or Cr. They include either a single layer or double layers
preferably including sequentially deposited Cr and Al layers.
Alternatively, they include a variety of metals.

[0038] A gate insulating layer 140 preferably made of
SiNx is formed on the gate lines 121, the storage electrode
lines 131 and the storage electrodes 133.

[0039] A plurality of data lines 171 extending in the
longitudinal direction are formed on the gate insulating layer
140. A plurality of branches of each data line 171 form a
plurality of source electrodes 173 and a plurality of drain
electrodes 175 are formed adjacent to the respective source
electrodes 173. In addition, a plurality of under-bridge metal
pieces 172 overlapping the gate lines 121 are formed on the
gate insulating layer 140. The data lines 171, the source
electrodes 173 and the drain electrodes 175 are preferably
made of Cr or Al like the gate wire. They may also have a
single-layered structure or a multiple-layered structure.

[0040] A plurality of channel portions 151 of a amorphous
silicon layer 151 and 153 used as channel portions of TFTs
are formed under the source electrodes 173 and the drain
electrodes 175, and a plurality of data portions 153 of the
amorphous silicon layer 151 and 153 extending in the
longitudinal direction and connecting the semiconductor
channel portions 153 are formed under the data lines 171. A
contact layer 161 for reducing the contact resistance
between the source and the drain electrodes 173 and 175 and
the semiconductor channel portions 151 is formed on the
amorphous silicon layer 151 and 153. The amorphous sili-
con layer 151 and 153 is preferably made of amorphous
silicon, and the contact layer 161 is preferably made of
amorphous silicon heavily doped with N-type impurity.

[0041] A passivation layer 180 preferably made of inor-
ganic insulator such as SiNx or organic insulator such as
resin is formed on the data lines 171 and the like. A plurality
of contact holes 181 exposing the drain electrodes 175 are
provided in the passivation layer 180.

[0042] A plurality of pixel electrodes 190, each having a
plurality of cutouts 191, 192 and 193, are formed on the
passivation layer 180. The pixel electrodes 190 are prefer-
ably made of a transparent conductor such as ITO or IZO or
an opaque conductor having an excellent light-reflecting
characteristic such as Al. The cutouts 191, 192 and 193 on
each pixel electrode 190 include a transverse cutout 192
extending in the transverse direction and located at a posi-
tion so as to partition the pixel electrode 190 into upper and
lower halves arranged in the longitudinal direction, and two
oblique cutouts 191 and 193 extending in oblique directions
and located respectively in the lower and the upper halves of
the pixel electrodes 190. The extensions of the oblique
cutouts 191 and 193 are perpendicular to each other in order
for regularly distributing the field directions of the fringe
fields into four directions.

[0043] In addition, a plurality of storage connections or
bridges 91, which connect the storage electrodes 133a to the
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storage electrode lines 131 opposite thereto with respect to
the gate lines 121, are formed on the passivation layer 180.
The storage bridges 91 contact the storage electrodes 133a
and the storage electrode lines 131 via a plurality of contact
holes 183 and 184 provided both in the passivation layer 180
and the gate insulating layer 140. The storage bridges 91
overlap the under-bridge metal pieces 172. The storage
bridges 91 electrically connect all the storage wire on the
lower substrate 110. This storage wire, if necessary, may be
used for repairing the defects of the gate lines 121 and/or the
data lines 171, and the under-bridge metal pieces 172 are
used for enhancing electrical connections between the gate
lines 121 and the storage bridges 91 when irradiating a laser
beam for such repair.

[0044] A plurality of subsidiary gate pads 95 and a plu-
rality of subsidiary data pads 97 are formed on the passi-
vation layer 180. The subsidiary gate pads 95 are connected
to the gate pads 125 through the contact holes 182 in the
passivation layer 180 and the gate insulating layer 140,
while the subsidiary data pads 97 are connected to the data
pads 179 through the contact holes 183 in the passivation
layer 180.

[0045] A black matrix 220 for blocking light leakage is
formed on an upper substrate 210. A plurality of red, green
and blue color filters 230 are formed on the black matrix
220. A reference electrode 270 having a plurality of sets of
cutouts 271, 272 and 273 are formed on the color filters 230.
The reference electrode 270 is preferably made of a trans-
parent conductor such as ITO or IZ0.

[0046] Each set of the cutouts 271, 272 and 273 of the
reference electrode 270 interpose the oblique cutouts 191
and 193 of the pixel electrode 190 between two adjacent
cutouts 271, 272 and 273. Each cutout 271, 272 or 273
includes an oblique portion or portions parallel to the
oblique cutouts 191 and 193 and transverse and longitudinal
portions overlapping the edges of the pixel electrodes 190.

[0047] A basic structure of an LCD according to the
present invention is prepared by aligning and combining the
TFT array panel and the color filter panel having the
above-described configurations and injecting liquid crystal
material therebetween to be vertically aligned. When the
TFT array panel and the color filter panel are aligned, the
cutouts 191, 192 and 193 of the pixel electrodes 190 and the
cutouts of the reference electrode 271, 272 and 273 divide
the respective pixel areas into several small domains. These
small domains are classified into four types based on aver-
age direction of major axes of liquid crystal molecules
therein. The small domains are long such that their width and
length can be distinguished. The width, which is the distance
between the long edges of the domains, is established to a
value equal to or less than 30 microns and this is expected
to yield a response time equal to or less than 25 ms.
However, in order to display motion pictures varying every
frame, the response time is required to have a value equal to
or less than 20 ms and thus the width of the domains is
required to have a value equal to or less than 17 microns. In
addition, the width of the domains is required to have a value
equal to or less than 28 microns for keeping the amount of
texture to be equal to or less than 0.03. The width of the
domains is required to have a value equal to or less than 22
microns in order that third transmissive efficiency of a PVA
mode LCD is equal to or larger than 90%. The width of the
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domains equal to or less than 22 microns keeps the amount
of texture to be equal to or less than 0.02.

[0048] Meantime, the response time is related to the width
of the cutouts. If the width of the cutouts is equal to or less
than 24 microns, the response time is equal to or less than
25 ms, while the response time is equal to or less than 20 ms
if the width of the cutouts is equal to or less than 5 microns.

[0049] The relations between the width of the domains,
the response time, the amount of texture, and transmissive
efficiency.

[0050] A PVA mode LCD realizes wide viewing angle by
deforming electric field using cutouts. However, these cut-
outs distort the electric field and thus cause abnormal
behavior of the liquid crystal molecules to generate texture,
which reduces the transmissive efficiency and the response
time. The present invention adjusts the width of the domains
and the cutouts.

[0051] First, the response characteristic is described in
detail.

[0052] The response characteristic, which is illustrated in
Table 1, is obtained by using liquid crystal cells including
small domains having width of 21, 23, 25 and 27 microns.

TABLE 1

width of domain

21 23 25 27
ON 14.4 15.0 16.2 17.0
OITF 74 7.2 74 74
ON + OFF 21.8 222 23.6 24.4

[0053] Referring to TABLE 1, the response time becomes
small as the width of the small domains becomes narrow. In
more detail, the OFF time remains substantially constant
even though the width of the domains is narrowed, while the
ON time is reduced when the width of the domains is
narrowed such that the sum of the ON time and the OFF time
is decreased. The result of TABLE 1 is shown in a graph of
FIG. 5. It is expected from FIG. 5 that the response time is
equal to or less than 20 ms when the width of the domains
is equal to or less than about 17 microns.

[0054] Waveforms of response time as function of
response time is described hereinafter.

[0055] FIG. 6 is a graph showing response time for
electrode width (i.e., width of the domains), and FIG. 7 is
a graph representing ON cusp position depending on elec-
trode width (i.e., width of the domains).

[0056] Referring to FIG. 6, the positions of the response
time curves becomes high as the width of the domains
becomes small. That is, the width of the domains and the
position of the response time have an inversely-proportional
relationship. Accordingly, the ON cusp position becomes
high as the width of the domains is narrower as shown in
FIG. 7. It is expected from FIG. 5 that the cusp is located
at a point of 90% transmittance when the width of the
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domains is about 15.89 microns. The ON time is expected to
be about 12 ms such that the total response time is 19.27 ms.

[0057] FIG. 8 is a graph showing response time of texture
for electrode width (i.e., width of the domains).

[0058] A reverse polarizer was attached and the response
time of texture and its quantitative characteristics was exam-
ined for the generation of textures depending on the width of
the domains. The textures are classified into dynamic one
and static one for quantitative analysis of textures. The
dynamic texture is defined as an amount of the textures
dynamically varying as time goes after voltage application,
which equals to an area over a dotted line shown in FIG. 8.
The static texture is defined as an amount of the stabilized
textures, which equals to an area under a dotted line shown
in FIG. 8. The dynamic texture and the static texture are
expressed by:

[0059] Dynamic texture=variation of texture transmit-
tancextime for texture stabilizationx0.5;

[0060]
dynamic
response wave;

[0061]
and

[0062] Time for texture stabilization=time for maximum
texture transmittance-time for minimum texture transmit-
tance.

Static  texture=minimum transmittance of
texture transmittancexwidth of texture

Total texture=dynamic texture+static texture;

electrode width

21 23 25 27
maximum texture transmittance 0.0450  0.0500 0.0600 0.0700
minimum texture transmittance 0.0360 0.0370 0.0410 0.0450
variation of texture transmittance 0.0090  0.0130 0.0190 0.0250
time for maximum texture 0.0160 0.0010 0.0000 0.0000
time for minimum texture 0.1620 0.2130 0.2360  0.2860
time for texture stabilization (sec)  0.1460 0.2120 0.2360  0.2860
dynamic texture 0.0007 0.0014 0.0023 0.0036
static texture 0.0184 0.0195 0.0221 0.0239
total texture 0.0198 0.0214 0.0250 0.0282

[0063] Referring to TABLE 2, the generation of textures is
reduced as the electrode distance is narrower. The texture
transmittance is shown to be proportional to the electrode
distance. The time for stabilizing texture after ON voltage
application becomes longer as the electrode distance
becomes large. That is, narrower electrode distance yields
strong field effect to cause fast stabilization of the domains,
and thus the response time becomes shorter. The total texture
for realizing the response time equal to or less than 20 ms for
a PVA mode LCD is equal to or less than 0.013. Referring
to TABLE 2, the width of the domains is equal to or less than
about 17 microns in order to obtain the total texture equal to
or less than 0.013. In addition, the width of the domains for
realizing the total texture equal to or less than 0.03 is
preferably equal to or less than 28 microns, and that for
realizing the total texture equal to or less than 0.02 is
preferably equal to or less than 22 microns.
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[0064] Now, transmissive efficiency is described in detail

[0065] First, the transmissive efficiency of an LCD is
described. A multi-domain VA mode LCD such as a PVA
mode LCD has poor transmittance characteristics due to so
called brush or texture generated by the unstable alignment
of liquid crystal, unlike other LCDs. The transmittance of a
PVA mode LCD is determined by various factors such as
aperture ratio as well as the shapes of cutouts.

[0066] The factors of light loss in a PVA mode LCD are
classified into three types as shown in TABLE 3.

TABLE 3

Factor
of light detailed

loss element description

first aperture 1t is generated due to mechanical causes
factor ratio color  such as absorption by metal wire such as
filter black matrix or storage electrode wire,
absorption  reflection by highly-refractive material
polarizer such as ITO and SiNx, and absorption by a
polarizer and color filters. However,
absorption by a front polarizer and area of
cutouts of ITO are not included in the first
factor. Since the absorption by the front
polarizer is related to And of liquid
crystal, etc., it is hard to be considered
as a first factor. Furthermore, since the
area of the cutouts of ITO also transmits
light, it forms a part of an opening area.
It is related to electro-optical effect and
in particular related to effective And
experienced by light. And and the driving
voltage are included into the same factor
since the light experiences And depending
on the applied voltage. In particular, since
the driving voltage makes an effect on the
cutout areas, the second factor is
proportional to total average driving
voltage including the cutout area.
Accordingly, the wider cutout area reduces
the average driving voltage such that the
decrease of the transmittance due to the
second factor is increased and the second
efficiency is reduced.
third texture It means that the texture or the brush due to
factor unstable liquid crystal alignment decreases
luminance of light. It is related to domain
stability of a PVA mode LCD.

second An

factor cell gap
driving
voltage
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[0067] In order to quantitative analysis of the above-
described various factors related to the transmittance, trans-
missive efliciencies are defined by:

[0068] First transmissive efficiency=(transmissive
luminance with only rear polarizer)/(luminance of light

source);

[0069] Second transmissive efficiency=(transmissive
luminance with normal polarizers+transmissive lumi-
nance with reverse polarizers)/(transmissive luminance
with only rear polarizer);

[0070] Third transmissive efficiency=(transmissive
luminance with normal polarizers)/(transmissive lumi-
nance with normal polarizers+transmissive luminance

with reverse polarizers); and

[0071] Total
ciencyxsecond transmissive efficiencyxthird transmis-
sive efficiency.

transmittance=first transmissive effi-

[0072] Here, the term “with normal polarizers” means that
the transmissive axes of the polarizers make an angle of 45
degrees or 135 degrees with behavior direction of the liquid
crystal molecules, and the term “with reverse polarizers”
means that the transmissive axes of the polarizers are
aligned parallel to or perpendicular to behavior direction of
the liquid crystal molecules. When the domains extend
obliquely as in the embodiment of the present invention, the
transmissive axes of the normal polarizers are aligned par-
allel or perpendicular to the gate lines, while the transmis-
sive axes of the reverse polarizers make an angle of 45
degrees or 135 degrees with the gate lines.

[0073] FIG. 9 shows the second transmissive efficiency
depending on electrode distance (i.e., width of domains),
and FIG. 10 shows the third transmissive efficiency depend-
ing on electrode distance (i.e., width of domains).

[0074] The first to third efficiencies obtained based on the
above-described definition for the width of the domains by
21, 23, 25 and 27 microns are shown in TABLE 4.

TABLE 4

width of  aperture first second third total relative
domains ratio  efficiency efficiency efficiency transmittance transmittance
(microns) (%) (%) (%) (%) (%) (%)

21 387 7.25 58.76 90.37 3.85 99.50

23 39.4 7.24 59.61 89.78 3.88 100.30

25 40.0 7.26 59.63 89.21 3.86 99.70

27 40.6 7.23 60.44 88.48 3.87 100.00
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[0075] TABLE 4 was obtained by varying only the width
of the domains while remaining the width of the cutouts. The
aperture ratio is shown to be proportional to the width of the
domains. The first efficiency is hardly changed regardless of
the variation of the width of the domains since absorption by
metal wire such as a black matrix or a storage electrode wire,
color filter resin, and a rear polarizer, reflection by highly-
refractive material such as ITO and SiNx, and the area of the
ITO cutouts are nearly the same. The second efficiency is
related to electro-optical effect and in particular related to
effective And experienced by light. Since the area occupied
by the cutouts becomes large as the width of the domains
becomes smaller, the average driving voltage for unit area is
reduced to increase the light absorption due to the second
factor, thereby decreasing the second efficiency. On the
contrary, since the third efficiency means that the texture or
the brush due to unstable liquid crystal alignment decreases
luminance of light, the texture becomes decreased to
increase the third efficiency as the width of the domains
becomes reduced. As a result, the total transmittance is
hardly changed regardless of the decrease of the width of the
domains since the second efficiency is reduced while the
third efficiency is increased.

[0076] The second and the third efficiencies described in
TABLE 4 are shown in FIGS. 9 and 10. Referring to FIGS.
9 and 10, the aperture ratio, the first efficiency, the second
efficiency, the third efficiency, and the total efficiency are
37.5%, 7.2%., 57.8%, 91.6%, and 3.84%, respectively, when
the width of the domains is 17 microns. Accordingly, the
response time is reduced to a value equal to or less than 20
ms without reducing the luminance.

[0077] Although the response time and the transmittance
depending on the width of the domains are examined as
described above, they also depend on the shapes of cutouts
in case of a PVA mode LCD. Now, the response time and the
transmittance depending on the shapes of cutouts are
described.

[0078] FIG. 11 is a graph showing response characteris-
tics as function of the width of cutouts of a common
electrode in a PVA mode LCD.

[0079] TABLE 5 is obtained by measuring the response
characteristics of liquid crystal cells provided with respec-
tive common electrodes having cutouts with widths (W2 in
FIG. 3) of 9, 11, 13 and 15 microns.

TABLE 5

pattern width (microns)

9 11 13 15
ON 13.20 14.20 14.50 14.60
OFF 7.80 7.60 7.90 8.00
ON + OFF 21.00 21.80 22.40 22.60

[0080] Referring to FIG. 5, the response time becomes
short as the width of the cutouts becomes narrow. It is
because that the reduced width of the cutouts increases the
area of the electrode to strengthen the electric field applied
to the liquid crystal molecules. In more detail, the ON time
becomes short as the width of the cutouts becomes narrow
although there is no improvement in the OFF time. FIG. 11
shows the result of TABLE 5. Referring to FIG. 11, the
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response time equal to or less than 20 ms is obtained when
the width of the cutouts is equal to or less than 5 microns.

[0081] In the meantime, the width of the cutouts for
generating fringe field satisfies the relation:

[0082] (width of cutouts)/(cell gap of liquid crystal
layer)=1.0.

[0083] Next, the transmittance depending on the width of
the cutouts is described.

[0084] FIG. 12 is a graph showing the transmittance as
function of the width of cutouts of a common electrode in a
PVA mode LCD.

[0085] TABLE 6 is obtained by measuring the response
characteristics of liquid crystal cells provided with respec-
tive common electrodes having cutouts with widths (W2 in
FIG. 3) of 9, 11, 13 and 15 microns.

TABLE 6

width of domain aperture ratio  transmittance relative

(microns) (%) (%) transmittance (%)
9 41.9 3.83 108.81
11 39.4 3.80 107.95
13 37.3 3.65 103.69
15 356 3.52 100.00
[0086] Referring to TABLE 6, the aperture ratio and the

transmittance increase as the width of the domains becomes
narrow. FIG. 11 shows the result of TABLE 6. Referring to
FIG. 12, the transmittance is improved by about 16% when
the width of the domains is equal to 5 microns.

[0087] Although the measurement in the above-described
example is performed with varying the width of the cutouts
of a common electrode, similar results can be obtained when
varying the width of the cutouts of pixel electrodes.

[0088] In addition, when the cutouts as the domain parti-
tioning member are substituted with dielectric protrusions,
similar results can be obtained.

[0089] As described above, the response time is improved
by adjusting the width of the domains and the response time
and the transmittance are improved by adjusting the width of
the cutouts.

[0090] Now, methods of manufacturing a TFT array panel
having the above-described structure and advantages
according to an embodiment of the present invention is
described in detail.

[0091] First, a manufacturing method using five photo
masks is described with reference FIGS. 13 to 17.

[0092] First, referring to FIGS. 13 to 17, a method using
five photo-masks will be described.

[0093] As shown in FIG. 13, a first gate wire layer 211,
231 and 251 preferably made of Cr or Mo alloy having
excellent physical and chemical characteristics and a second
gate wire layer 212, 232 and 252 preferably made of Al or
Ag alloy having a low resistivity are deposited on a substrate
110 and patterned to form a gate wire including a plurality
of gate lines 121, a plurality of gate electrodes 123 and a
plurality of gate pads 125 and extending substantially in the
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transverse direction. At this time, although not shown, a
storage electrode wire is also formed (A First Mask).

[0094] For the first gate wire layer 211, 231 and 251 of Mo
alloy and the second gate wire layer 212, 232 and 252 of Ag
alloy, both layers are etched by an etchant for Al alloy such
as a mixture of phosphoric add, nitric add, acetic acid and
deionized water. Thus, the formation of the gate wire 121,
123 and 125 including double layers is completed by using
a single etching process. Since the etching ratio of the
mixture of phosphoric add, nitric acid, acetic add and
deionized water for Ag alloy is higher than that for Mo alloy,
a taper angle of 30 degrees required for the gate wire can be
obtained.

[0095] Next, as shown in FIG. 14, three layers, a gate
insulating layer 140 preferably made of SiNx, an amorphous
silicon layer and a doped amorphous silicon layer are
deposited sequentially, and the amorphous silicon layer and
the doped amorphous silicon layer are photo-etched together
to form a semiconductor layer 151 and an ohmic contact
layer 160 on the gate insulating layer 140 opposite the gate
electrodes 123 (A Second Mask).

[0096] Subsequently, as shown in FIG. 15, a first data wire
layer 711, 731, 751 and 791 preferably made of Cr or Mo
alloy and a second data wire layer 712, 732, 752 and 792
preferably made of Al or Ag alloy are deposited and photo-
etched to form a data wire. The data wire include a plurality
of data lines 171 intersecting the gate line 121, a plurality of
source electrodes 173 connected to the data lines 171 and
extending onto the gate electrodes 121, a plurality of data
pads 179 connected to one ends of the data lines 171 and a
plurality of drain electrodes 175 separated from the source
electrodes 173 and opposite the source electrodes 173 with
respect to the gate electrodes 121 (A Third Mask).

[0097] Thereafter, portions of the doped amorphous sili-
con layer pattern 160, which are not covered by the data wire
171, 173, 175 and 179, are etched such that the doped
amorphous silicon layer pattern 160 is separated into two
portions 163 and 165 opposite each other with respect to the
gate electrodes 123 to expose portions of the semiconductor
pattern 151 between the two portions of the doped amor-
phous silicon layer 163 and 165. Oxygen plasma treatment
is preferably performed in order to stabilize the exposed
surfaces of the semiconductor layer 151.

[0098] Next, as shown in FIG. 16, a passivation layer 180
is formed by growing a a-Si:C:O film or a a-Si:O:F film by
chemical vapor deposition (“CVD”), by depositing an inor-
ganic insulating film such as SiNXx, or by coating an organic
insulating film such as acryl-based material. The deposition
of the a-Si:C:O film is performed by using SiH(CH,),,
Si0,(CHs,),, (SiH),0,(CH,),, Si(C,H;0),, etc., in gaseous
states as a basic source, and flowing a gas mixture of an
oxidizer such as N,O and O, and Ar or He. The deposition
of the a-Si:O:F film is performed in the flow of a gas mixture
of O, and SiH,, SiF,, etc. CF, may be added as an auxiliary
source of fluorine. (A Second Mask)

[0099] The passivation layer 180 is patterned together
with the gate insulating layer 140 by a photo etching process
to form a plurality of contact holes 181, 182 and 183
exposing the gate pads 125, the drain electrodes 175 and the
data pads 179. Here, the planar shapes of the contact holes
181, 182 and 183 are polygonal or circular. It is preferable
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that the area of each of the contact holes 181 and 183
exposing the pads 125 and 179 is equal to or larger than 0.5
mmx15 um and equal to or less than 2 mmx60 um. Although
not shown, a plurality of contact holes for contacting storage
bridges with the storage electrode lines and the storage
electrodes are also formed in this step (A Fourth Mask).

[0100] Finally, as shown in FIG. 17, an ITO layer or an
170 layer is deposited and photo-etched to a plurality of
pixel electrodes 190, a plurality of auxiliary gate pads 95 and
a plurality of auxiliary data pads 97. Each pixel electrode
190 is connected to the drain electrode 175 via the first
contact hole 181, and each of the auxiliary gate pad 95 and
the auxiliary data pad 97 are connected to the gate pad 95
and the data pad 97 via the second and the third contact holes
182 and 183. A pre-heating process using nitrogen gas is
preferably performed before depositing ITO or IZO. This is
required for preventing the formation of metal oxides on the
exposed portions of the metal layers through the contact
holes 181, 182 and 183. Although not shown, a plurality of
storage bridges is also formed in this step, and a photo-mask
is designed such that the cutouts of the pixel electrodes 190
have an inversion symmetry with respect to the data lines
171 (A Fifth Mask).

[0101] Now, a method of manufacturing a TFT array panel
using four photo-masks according to an embodiment of the
present invention will be described.

[0102] FIGS. 18A and 18B to FIGS. 26A and 26B are
sectional views of a TFT array panel for an LCD sequen-
tially showing the steps of a manufacturing method thereof
using four masks.

[0103] First, as shown in FIGS. 18A and 18B, like the
first embodiment, a first gate wire layer 211, 231 and 251
preferably made of Cr or Mo alloy having excellent physical
and chemical characteristics and a second gate wire layer
212, 232 and 252 preferably made of Al or Ag alloy having
a low resistivity are deposited on a substrate 110 and
patterned to form a gate wire including a plurality of gate
lines 121, a plurality of gate electrodes 123 and a plurality
of gate pads 125 and a storage electrode wire (A First Mask).

[0104] Next, as shown in FIGS. 19A and 19B, a gate
insulating layer 140 of SiNx, a semiconductor layer 150, and
a contact layer 160 are sequentially deposited by CVD such
that the layers 30, 40 and 50 bear thickness of 1,500-5,000
A, 500-2,000 A and 300-600 A, respectively. A first con-
ductive film 701 preferably made of Cr or Mo alloy and a
second conductive film 702 preferably made of Al or Ag
alloy are deposited by sputtering to form a conductive layer
170. Thereafter, a photoresist film PR with the thickness of
1-2 pm is coated thereon.

[0105] Subsequently, the photoresist film PR is exposed to
light through a mask, and developed to form a photoresist
pattern PR2 and PR1 as shown in FIGS. 20A and 20B.
Second portions PR2 of the photoresist pattern PR2 and
PR1, which are located on channel areas C of TFTs between
source and drain electrodes 173 and 175, are established to
bear thickness smaller than that of the first portions PR1 on
data areas A where the data wire is formed. The portions of
the photoresist film on the remaining area B are removed.
The thickness ratio of the second portions PR2 on the
channel areas C to the first portions PR1 on the data areas A
is adjusted depending upon the etching conditions in the
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etching steps to be described later. It is preferable that the
thickness of the second portions PR2 is equal to or less than
half of the thickness of the first portions PR1, in particular,
equal to or less than 4,000 A,

[0106] The position-dependent thickness of the photore-
sist film is obtained by several techniques. In order to adjust
the amount of light exposure in the areas C, a slit pattern, a
lattice pattern or translucent films are provided on a mask.

[0107] When using a slit pattern, it is preferable that the
width of the portions between the slits or the distance
between the portions, i.e., the width of the slits is smaller
than the resolution of an exposer used for the photolithog-
raphy. In case of using translucent films, thin films with
different transmittances or with different thicknesses may be
used to adjust the transmittance of the mask.

[0108] When the photoresistive film is irradiated with light
through such a mask, polymers of the portions directly
exposed to the light are almost comipletely decomposed, and
those of the portions facing the slit pattern or the translucent
films are not completely decomposed due to the small
amount of light exposure. The polymers of the portions
blocked by light-blocking films are hardly decomposed.
Development of the photoresistive film makes the portions
having the polymers, which are not decomposed. to be left,
and makes the portions exposed to the smaller light irradia-
tion to be thinner than the portions which do not experience
the light exposure. Here, it is required not to make the
exposure time long enough to decompose all the molecules.

[0109] The thin portions PR2 of the photoresist pattern
may be obtained by performing a reflow process to flow a
reflowable photoresist film into the areas without the pho-
toresist film after exposing to light and developing the
photoresist film, using a usual mask with transmissive areas
completely transmitting the light and blocking areas com-
pletely blocking the light.

[0110] Thereafter, the photoresist pattern PR2 and the
underlying layers, i.e., the conductive layer 170, the contact
layer 150 and the semiconductor layer 150 are etched such
that a data wire and the underlying layers are left over on the
data areas A, only the semiconductor layer is left over on the
channel areas C, and all of the three layers 170, 160 and 150
are removed from the remaining areas B to expose the gate
insulating layer 140.

[0111] As shown in FIGS. 21A and 21B, the exposed
portions of the conductive layer 170 on the areas B are
removed to expose the underlying portions of the contact
layer 150. In this step, both dry etching and wet etching is
selectively used and preferably performed under the condi-
tion that the conductive layer 170 is selectively etched while
the photoresist pattern PR1 and PR2 is hardly etched.
However, an etching condition capable of etching the pho-
toresist pattern PR1 and PR2 as well as the conductive layer
170 would be suitable for dry etching since it is difficult to
find a condition for selectively etching only the conductive
layer 170 while not etching the photoresist pattern PR1 and
PR2. In this case, the second portion PR2 should have
relatively thick compared with that for wet etching in order
to prevent the exposure of the underlying conductive layer
170 through the etching.

[0112] Consequently, as shown in FIGS. 21A and 21B,
portions 171, 173, 175 and 179 of the conductive layer on
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the channel areas C and the data areas A, and a storage
capacitor electrodes 177 are left over, while portions of the
conductive layer 170 on the remaining areas B is removed
out to expose the underlying portions of the contact layer
150. The remaining conductor patterns 171, 173, 175 and
179 have substantially the same shapes as the data wire 171,
173, 175 and 179 except that the source and the drain
electrodes 173 and 175 are still connected without separa-
tion. When using the dry etching, the photoresist pattern PR1
and PR2 are also etched to a predetermined thickness.

[0113] Next, as shown in FIGS. 21A and 21B, the
exposed portions of the contact layer 150 on the areas B and
the underlying portions of the semiconductor layer 150 are
simultaneously removed by dry etching together with the
second photoresist portions PR2. The etch is preferably
made in a condition that the photoresist pattern PR1 and
PR2, the contact layer 150 and the semiconductor layer 150
are simultaneously etched while the gate insulating layer
140 is not etched. (It is noted that the semiconductor layer
and the intermediate layer have no etching selectivity.)
Particularly, the etching ratios of the photoresist pattern PR1
and PR2 and the semiconductor layer 150 are preferably
equal to each other. For example, the film and the layer are
etched to substantially the same thickness using a gas
mixture of SF¢ and HCI or a gas mixture of SF and O,. For
the equal etching ratios of the photoresist pattern PR1 and
PR2 and the semiconductor layer 150, the thickness of the
second portions PR2 is preferably equal to or less than the
sum of the thicknesses of the semiconductor layer 150 and
the contact layer 150.

[0114] In this way, as shown in FIGS. 22A and 22B, the
second portions PR2 on the channel areas C are removed to
expose the source/drain conductor pattern 173 and 175, and
the portions of the contact layer 150 and the semiconductor
layer 150 on the areas B are removed to expose the under-
lying portions of the gate insulating layer 140. Meanwhile,
the first portions PR1 on the data areas A are also etched to
have reduced thickness. In this step, the formation of a
semiconductor pattern 151, 153 and 157 are completed. A
contact layer 161, 163 and 165 and 169 is formed on the
semiconductor pattern 151, 153 and 157.

[0115] Residual photoresist remained on the surface of the
source/drain conductor pattern 173 and 175 on the channel
areas C is then removed by ashing.

[0116] Subsequently, as shown in FIGS. 23A and 23B,
the exposed portions of the source/drain conductor pattern
173 and 175 on the channel areas C and the underlying
portions of the source/drain contact layer pattern 163 and
165 are etched to be removed. Dry etching may be applied
to both of the source/drain conductor pattern 173 and 175
and the source/drain contact layer pattern 163 and 165.
Alternatively, wet etching is applied to the source/drain
conductor pattern 173 and 175 while dry etching is applied
to the source/drain contact layer pattern 163 and 165. In the
former case, it is preferable that the conductor pattern 173
and 175 and the contact layer pattern 1631 and 165 are
etched under large etching selectivity because, if not large,
it is not easy to find the end point of etching and in turn, 1t
is not easy to adjust the thickness of the semiconductor
pattern 151 left on the channel areas C. In the latter case
alternately performing dry etch and wet etch, the lateral
sides of the source/drain conductor pattern 173 and 175
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subject to wet etch are etched, while those of the contact
layer pattern 163 and 165 subject to dry etch are hardly
etched, thereby obtaining the stepwise lateral sides.
Examples of etching gases used for etching the conductor
pattern 173 and 175 and the contact layer 163 and 165 are
a gas mixture of CF, and HCl and a gas mixture of CF, and
O,. The gas mixture of CF,, and O, leaves the semiconductor
pattern 151 with even thickness. At this time, as shown in
FIG. 23B, top portions of the semiconductor pattern 151
may be removed to cause thickness reduction, and the first
portions PR1 of the photoresist pattern is etched to a
predetermined thickness. The etching is performed under the
condition that the gate insulating layer 140 is hardly etched,
and it is preferable that the photoresist film is so thick to
prevent the first portion PR1 from being etched to expose the
underlying data wire 171, 173, 175 and 179 and the under-
lying storage capacitor electrodes 177.

[0117] Inthis way, the source and the drain electrodes 173
and 175 are separated from each other while completing the
formation of the data wire 171, 173, 175 and 179 and the
underlying contact layer pattern 161, 163 and 165.

[0118] Finally, the first portions PR1 remained on the data
areas A are removed. However, the removal of the first
portions PR1 may be made between the removal of the
portions of the source/drain conductor pattern 173 and 175
on the channel areas C and the removal of the underlying
portions of the contact layer pattern 163 and 165.

[0119] As described above, dry etch and wet etch are
alternately performed or only dry etch is used. Although the
latter process using only one type of etch is relatively
simple, it is hard to find appropriate etching conditions. On
the contrary, the former process enables to find proper
etching conditions while it is rather complicated.

[0120] Next, as shown in FIGS. 24A and 24B, a passi-
vation layer 180 is formed by growing a a-Si:C:O film or a
a-Si:O:F film by chemical vapor deposition (“CVD”), by
depositing an inorganic insulating film such as SiNx, or by
coating an organic insulating film such as acryl-based mate-
rial. The deposition of the a-Si:C:O film is performed by
using  SiH(CH;);,  SiO,(CH,),,  (SiH),0,(CH,),,
Si(C,Hs0),, etc., in gaseous states as a basic source, and
flowing a gas mixture of an oxidizer such as N,0O and O, and
Ar or He. The deposition of the a-Si:O:F film is performed
in the flow of a gas mixture of O, and SiH, SiF,, etc. CF,
may be added as an auxiliary source of fluorine. (A Second
Mask).

[0121] Subsequently, as shown in FIGS. 25A and 25B,
the passivation layer 180 is photo-etched together with the
gate insulating layer 140 to form a plurality of contact holes
181, 182, 183 and 184 exposing the drain electrodes 175, the
gate pads 125 and the data pads 179 and the storage
capacitor electrodes 177. It is preferable that the area of each
of the contact holes 181 and 183 exposing the pads 125 and
179 is equal to or larger than 0.5 mmx15 um and equal to or
less than 2 mmx60 pm Although not shown, a plurality of
contact holes for contacting storage bridges with the storage
electrode lines and the storage electrodes are also formed in
this step (A Third Mask).

[0122] Finally, as shown in FIGS. 26A and 26B, an ITO
layer or an IZO layer is deposited and photo-etched to a
plurality of pixel electrodes 190, a plurality of auxiliary gate
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pads 95 and a plurality of auxiliary data pads 97. Each pixel
electrode 190 is connected to the drain electrode 175 and the
storage capacitor electrode 177, and each of the auxiliary
gate pad 95 and the auxiliary data pad 97 are connected to
the gate pad 95 and the data pad 97. Although not shown, a
plurality of storage bridges is also formed in this step, and
a photo-mask is designed such that the cutouts of the pixel
electrodes 190 have an inversion symmetry with respect to
the data lines 171 (A Fourth Mask).

[0123] Since the pixel electrodes 190, the auxiliary gate
pads 95 and the auxiliary data pads 97 made of IZO is
formed by using a Cr etchant, it is possible to prevent the
corrosion of the exposed portions of the data wire or the gate
wire through the contact holes during the photo etching step
for forming the pixel electrodes 190, the auxiliary gate pads
95 and the auxiliary data pads 97. An example of such
etchant is HNO,/(NH,,),Ce(NO,)s/H,O. Deposition of IZ0
in a temperature range between a room temperature and
about 200° C. is preferred for minimizing the contact
resistance at the contacts. It is preferable that a target used
for forming an 1ZO film includes In,O; and ZnO and an
amount of ZnO contained therein is in a range of 15-29 at %.

[0124] A pre-heating process using nitrogen gas is pref-
erably performed before depositing ITO or 1Z0. This is
required for preventing the formation of metal oxides on the
exposed portions of the metal layers through the contact
holes 181, 182, 183 and 184.

[0125] Although preferred embodiments of the present
invention have been described in detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein taught
which may appear to those skilled in the present art will still
fall within the spirit and scope of the present invention, as
defined in the appended claims. Especially, a variety of
modifications may be made in arrangements of cutouts
provided at the pixel electrodes and the reference electrode.

[0126] The above-described configurations improve the
aperture ratio of the LCD and reduce the distortion of the
image signals.

What is claimed is:
1. A liquid crystal display comprising:

a first insulating substrate;

a gate line formed on the first insulating substrate;
a gate insulating layer formed on the gate line;

a data line formed on the gate insulating layer;

a passivation layer formed on the data line;

a pixel electrode formed on the passivation layer;

a second insulating substrate facing the first insulating
substrate;

a common electrode formed on the second insulating
substrate;

a first domain partitioning member formed on at least one
of the first and the second insulating substrates; and

a second domain partitioning member formed on at least
one of the first and the second insulating substrates and
partitioning a pixel region into a plurality of domains
along with the first domain partitioning member,
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wherein width of the domains is equal to or less than 30

microns.

2. The liquid crystal display of claim 1, wherein the width
of the domains is equal to or less than 28 microns.

3. The liquid crystal display of claim 2, wherein the width
of the domains is equal to or less than 22 microns.

4. The liquid crystal display of claim 3, wherein the width
of the domains is equal to or less than 17 microns.

5. The liquid crystal display of claim 1, wherein the first
domain partitioning member includes a cutout provided at
the pixel electrode and the second domain partitioning
member includes a cutout provided at the common elec-
trode.

6. The liquid crystal display of claim 5, wherein the width
of the second domain partitioning member is equal to or less
than 24 microns.

7. The liquid crystal display of claim 6, wherein the width
of the second domain partitioning member is equal to or less
than 5 microns.

8. The liquid crystal display of claim 1, wherein extension
of the domains makes an angle of 45 degrees or 135 degrees
with the gate line.

9. The liquid crystal display of claim 1, wherein the data
line has a triple-layered structure including an amorphous
silicon layer, a doped amorphous silicon layer, and a metal
layer.

10. A liquid crystal display comprising:

a first insulating substrate;
a gate wire formed on the first insulating substrate and

including a gate line, a gate electrode connected to the
gate line, and a gate pad connected to the gate line;

a storage electrode wire formed on the first insulating
substrate and including a storage electrode line and a
storage electrode branched from the storage electrode
lines;

a gate insulating layer formed on the gate wire and the
storage electrode wire;

an amorphous silicon layer formed on the gate insulating
layer;

a contact layer formed on the amorphous silicon layer;

a data wire formed on the contact layer and including a
data line intersecting the gate line, a data pad connected
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to the data line, a source electrode connected to the data
line and located adjacent to the gate electrode, and a
drain electrode located opposite the source electrode
with respect to the gate electrode;

a passivation layer formed on the data wire;

a pixel electrode formed on the passivation layer, con-
nected to the drain electrode, and having a first cutout
pattern,;

facing the first insulating substrate;

a black matrix formed on the second insulating layer and
defining a pixel area;

a color filter formed on the pixel area; and

a common electrode formed on the color filter and having
a second cutout pattern,

wherein width of the second cutout pattern is equal to or

less than 24 microns.

11. The liquid crystal display of claim 10, further com-
prising a liquid crystal layer interposed between the first
insulating substrate and the second insulating substrate,
wherein liquid crystal molecules included in the liquid
crystal layer are aligned perpendicular to the first insulating
substrate in absence of electric field.

12. The liquid crystal display of claim 11, wherein the
width of the second cutout pattern is equal to or less than 5
microns.

13. The liquid crystal display of claim 11, wherein the
width of the first and the second cutout patterns is equal to
or less than cell gap of the liquid crystal layer.

14. The liquid crystal display of claim 11, wherein the first
and the second cutout patterns partition a pixel region into
a plurality of domains, and the width of the domains is equal
to or less than 28 microns.

15. The liquid crystal display of claim 14, wherein the
width of the domains is equal to or less than 22 microns.

16. The liquid crystal display of claim 15, wherein the
width of the domains is equal to or less than 17 microns.

17. The liquid crystal display of claim 11, further com-
prising an overcoat interposed between the color filter and a
commor electrode.
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