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electrode and the common electrode, a first cutout in the
pixel electrode, and a second cutout provided in the common
electrode and partitioning the pixel area into a plurality of
domains along with the first cutout. The plurality of domains
in the pixel area are classified into at least two types based
on the presence of an organic insulating layer.
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LIQUID CRYSTAL DISPLAY AND THIN FILM
TRANSISTOR ARRAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/229,231, filed Sep. 16, 2005, which is a
continuation-in-part of U.S. application Ser. No. 10/830,
785, filed Apr. 23, 2004, which is a divisional of U.S.
application Ser. No. 10/302,784, which issued on Sep. 6,
2005 as U.S. Pat. No. 6,940,573 which claims priority to
Korean Patent Application Nos. 2001-0072885 filed Nov.
22, 2001; 2002-0069112 filed Nov. 8, 2002; 2002-0072150
filed Nov. 20, 2002 and 2002-0054923 filed Sep. 11, 2002,
the disclosure of which in its entirety is incorporated by
reference herein.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal
display and a manufacturing method thereof, and, in par-
ticular, to a liquid crystal display including a pixel electrode
and a manufacturing method thereof.

[0004] (b) Description of Related Art

[0005] A typical liquid crystal display (“LCD”) includes
an upper panel with a common electrode and a plurality of
color filters, and a lower panel with thin film transistors
(“TFTs”) and a plurality of pixel electrodes. A pair of
alignment layers are coated on respective inner surfaces of
the upper and the lower panels, and a liquid crystal layer are
interposed therebetween. Different Voltages are applied to
the common electrode and the pixel electrodes to generate
electric field. The changes of the strength and/or the direc-
tion of the electric field change the orientations of liquid
crystal molecules to vary the transmittance of light passing
through the liquid crystal layer. Accordingly, desired images
are obtained by adjusting the difference between the pixel
electrodes and the common electrode.

[0006] 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 the
upper and the lower panels in absence of electric field, is
promising because of its high contrast ratio and wide view-
ing angle.

[0007] To implement wide viewing angle in the VALCD,
a plurality of cutouts or a plurality of protrusions are
provided on the field generating electrode(s). Both generate
fringe fields to disperse tilt directions of the liquid crystal
molecules into several directions, thereby giving wide view-
ing angle. A patterned vertically aligned mode providing
cutouts in the electrodes is considered as a good substitute
of an in-plane switching mode. However, the provision of
cutouts itself is not sufficient in view of viewing angle.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to improve the
viewing angle of an LCD.

[0009] To accomplish these and other objects, the present
invention provides a liquid crystal layer having at least two
different thicknesses in a pixel region.

Oct. 19, 2006

[0010] In detail, a liquid crystal display comprising a first
insulating substrate; a pixel electrode formed on the first
insulating substrate; an organic insulating layer formed on a
portion of the pixel electrode; a second insulating substrate
facing the first insulating substrate with a gap; a light
blocking layer, a color filter and a common electrode formed
on the second insulating substrate; and liquid crystals inter-
posed between the first and second insulating substrates,
wherein when a region on the pixel electrode occupied by
the liquid crystals is classified into a first region with the
organic insulating layer and a second region without the
organic insulating layer and a voltage is applied between the
common electrode and the pixel electrode, electric field
formed in the first region is weaker than that of the second
region is provided.

[0011] According to an embodiment of the present inven-
tion, the first region is wider than the second region.

[0012] According to an embodiment of the present inven-
tion, the second region occupies 25% to 35% of area of the
pixel electrode.

[0013] According to an embodiment of the present inven-
tion, the tilt angles of major axes of the liquid crystal
molecules disposed on the first region are different from the
tilt angles of the major axes of the liquid crystal molecules
disposed on the second region.

[0014] According to an embodiment of the present inven-
tion, the liquid crystals has negative dielectric anisotropy
and the tilt angles of the major axes of the liquid crystals on
the first region are larger than the tilt angles of the liquid
crystals on the second region.

[0015] When pixel regions on the pixel electrodes repre-
senting red, green and blue colors are defined as R pixels, G
pixels and B pixels, respectively, an area including a set of
R, G and B pixels are defined as a dot, a dot with the organic
insulating layer therein is defined as an organic insulating
layer dot, and a dot without the organic insulating layer
therein is defined as a non organic insulating layer dot, an
area occupied by the organic insulating layer dot is substan-
tially the same as an area occupied by the non organic
insulating layer dot.

[0016] When a R pixel of the organic insulating layer dot
is defined as a R organic insulating layer pixel, a G pixel of
the organic insulating layer dot is defined as a G organic
insulating layer pixel, and a B pixel of the organic insulating
layer dot is defined as a B organic insulating layer pixel,
about 50% of an area of each of the R, G and B organic
insulating layer pixels are preferably covered with the
organic insulating layer.

[0017] When four regions having different tilt directions
of the liquid crystal molecules in each of the R, G and B
organic insulating layer pixels are defined as first, second,
third and fourth directional R, G and B organic domains,
respectively, areas occupied by the first to the fourth direc-
tional R organic domains are substantially the same, areas
occupied by the first to the fourth directional G organic
domains are substantially the same, and areas occupied by
the first to the fourth directional B organic domains may be
substantially the same.

[0018] Areas occupied by the first directional R organic
domain, the first directional G organic domain and the first
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directional B organic domain are substantially the same,
areas occupied by the second directional R organic domain,
the second directional G organic domain and the second
directional B organic domain are substantially the same,
areas occupied by the third directional R organic domain, the
third directional G organic domain and the third directional
B organic domain are substantially the same, and areas
occupied by the fourth directional R organic domain, the
fourth directional G organic domain and the fourth direc-
tional B organic domain may be substantially the same.

[0019] The organic insulating layer dots and the non
organic insulating layer dots may be alternately arranged
along a transverse direction.

[0020] Alternately, the organic insulating layer dots and
the non organic insulating layer dots are alternately arranged
along a longitudinal direction.

[0021] The non organic insulating layer dot may be adja-
cent to the organic insulating layer dots in four directions.

[0022] The organic insulating layer may be provided at the
same directional organic domains among the R, G and B
organic domains in one of the organic insulating layer dots.

[0023] The organic insulating layer may be provided at
two of the first to the fourth directional organic domains of
the R and B organic insulating layer pixels and at the other
two of the first to fourth directional organic domains of the
G organic insulating layer pixel.

[0024] Tt is preferable that the thickness of the organic
insulating layer is equal to or less than 3.0 microns and the
dielectric constant of the organic insulating layer ranges 1.5
to 7.5.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is alayout view of a TFT array panel for an
LCD according to a first embodiment of the present inven-
tion;

[0026] FIG. 2 is alayout view of a color filter panel for an

LCD according to the first embodiment of the present
invention;

[0027] FIG. 3 is a layout view of an LCD according to the
first embodiment of the present invention;

[0028] FIG. 4 is a sectional view of the LCD shown in
FIG. 3 taken along the line TV-IV";

[0029] FIGS. 5 to 9 are sectional views of a TFT array
panel for an LCD sequentially showing the steps of a
manufacturing method thereof according to the first embodi-
ment of the present invention,

[0030] FIG. 10 is a layout view of an LCD according to
the second embodiment of the present invention;

[0031] FIG. 11A is a sectional view of the LCD shown in
FIG. 3 taken along the lines XIa-XIa', XIa'-XIa" and XIa"-
XIa™;

[0032] FIG. 11B is a sectional view of the LCD shown in

FIG. 3 taken along the line XIb-XTIb";

[0033] FIGS. 12A to 18B are sectional views of a TFT
array panel for an LCD sequentially showing the steps of a
manufacturing method thereof according to the second
embodiment of the present invention;
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[0034] FIG. 19 is a schematic layout view of an LCD
according to a third embodiment of the present invention;

[0035] FIGS. 20A and 20B are sectional views of the
LCD according to the third embodiment of the present
invention shown in FIG. 19 taken along the line XXA-
XXA', which show the arrangements of the liquid crystal
molecules in an normally black mode LCD in the absence of
electric field and in the application of voltages, respectively;

[0036] FIG. 21 is a graph of the transmittance as function
of applied voltage;

[0037] FIGS. 22A to 22D are sectional views of a color
filter panel for an LCD sequentially showing the steps of a
manufacturing method thereof according to the third
embodiment of the present invention;

[0038] FIG. 23 is a schematic layout view of an LCD
according to a fourth embodiment of the present invention;

[0039] FIGS. 24A and 24B are sectional views of the
LCD according to the fourth embodiment of the present
invention shown in FIG. 23 taken along the line XXIV-
XXIV', which show the arrangements of the liquid crystal
molecules in an normally black mode LCD in the absence of
electric field and in the application of voltages, respectively;

[0040] FIGS. 25A to 25E are sectional views of a color
filter panel for an LCD sequentially showing the steps of a
manufacturing method thereof according to the fourth
embodiment of the present invention;

[0041] FIG. 26 is a schematic layout view of an LCD
according to a fifth embodiment of the present invention;

[0042] FIGS. 27A and 27B are sectional views of the
LCD according to the fifth embodiment of the present
invention shown in FIG. 26 taken along the line XXVII-
XXVII', which show the arrangements of the liquid crystal
molecules in an normally black mode LCD in the absence of
electric field and in the application of voltages, respectively;

[0043] FIG. 28 is a graph illustrating the transmittance as
function of the thickness of an organic insulating layer;

[0044] FIG. 29A shows a first exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;

[0045] FIG. 29B is an enlarged view of a set of R, G and
B organic insulating pixels 51, 52 and 53 shown in FIG.
294;

[0046] FIG. 30 shows a second exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;

[0047] FIG. 31 shows a third exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;

[0048] FIG. 32 shows a fourth exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;

[0049] FIG. 33 shows a fifth exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;

[0050] FIG. 34 shows a sixth exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention;



US 2006/0232721 Al

[0051]

FIG. 35 shows a seventh exemplary pattern of an

organic insulating layer according to the fifth embodiment of

the present invention; and

[0052]

FIG. 36 shows an eighth exemplary pattern of an

organic insulating layer according to the fifth embodiment of

the present invention.

[0053]

FIG. 37 is a graph showing gamma curves of an

LCD according to an embodiment of the present invention.

[0054]

FIG. 38 is a graph showing degrees of visibility

distortion with respect to area ratio of the two regions (B and

Q).

121: gate line
171: data line

140: gate insulating laver

186: recess

191, 192, 193: cutout

270: common electrode

3: liquid crystal

51: R organic insulating layer pixel
53: B organic insulating layer pixel
54: non organic insulating layer dot
210: second substrate

220b: inner black matrix

20: overcoat

123: gate electrode

173, 175: source electrode, drain
electrode

180: passivation layer

190: pixel electrode

151, 154: amorphous silicon layer
271, 272, 273: cutout

50: organic insulating layer

52: G organic insulating layer pixel
54: organic insulating layer dot
110: first substrate

220a: outer black matrix

230: color filter

291: recess of common electrode

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0055] 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.

[0056] 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.

[0057] 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.

[0058] FIG.1is 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 of the LCD shown in FIG. 3 taken along the
line TV-IV".

[0059] An LCD includes a lower panel, an upper panel
opposite thereto and a liquid crystal layer 3 interposed
between the two panels and including liquid crystal mol-
ecules aligned vertical to the panels.
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[0060] The structure of the lower panel will be described.

[0061] 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 surface of the pixel electrodes 190 has higher
portions and lower portions depending on the positions. 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 transmitting 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 elec-
trodes 190 are not made of transparent material, and the
lower polarizer 12 is unnecessary.

[0062]

[0063] A black matrix 220 for blocking light leakage, a
plurality of the red, green and blue color filters 230 and a
common electrode 270 preferably made of transparent con-
ductive 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 common
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 common electrode 270 in order for
blocking light leakage generated by the cutouts 271,272 and
273.

[0064] An LCD according to the first embodiment will be
described more in detail.

[0065] 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 a
plurality of gate pads 125 are formed at one ends of the gate
lines 121. A plurality of storage electrode lines 131 extend-
ing substantially parallel to the gate lines 121 are also
formed on the insulating substrate 110. A plurality of pairs
of storage electrodes 133a and 1335 extending in a longi-
tudinal direction are branched from each storage electrode
line 131 are connected to each other via a storage electrode
133¢ extending in the transverse 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 133a, 1335, 133¢ and 1334
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.

[0066] 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 133a, 1335, 133¢ and
133d.

[0067] 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

The structure of the upper panel will be described.



US 2006/0232721 Al

electrodes 173. A plurality of data pads 179 are formed at
one ends of the data lines 171. 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, the drain electrodes 175
and the data pads 179 are preferably made of Cr or Al like
the gate wire. They may also have a single-layered structure
or a multiple-layered structure.

[0068] A plurality of channel portions 154 of an amor-
phous silicon layer 151 and 154 used as channel portions of
TFTs are formed under the source electrodes 173 and the
drain electrodes 175, and a plurality of data portions 151 of
the amorphous silicon layer 151 and 154 extending in the
longitudinal direction and connecting the amorphous silicon
channel portions 154 are formed under the data lines 171. A
contact layer 161 and 169 for reducing the contact resistance
between the source and the drain electrodes 173 and 175 and
the amorphous silicon channel portions 154 is formed on the
amorphous silicon layer 151 and 154. The contact layer 161
and 169 is preferably made of amorphous silicon heavily
doped with N-type impurity.

[0069] 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. The passivation layer
180 and the gate insulating layer 140 have filmless areas 186
provided for differentiating the height of a pixel electrode
190 between domains. The filmless areas 186 are indicated
by dotted lines as shown in FIGS. 1 and 3 and cover four
domains located both sides of a first cutout 191 and a third
cutout 193 of a pixel electrode 190. FIG. 4 shows the
domains provided with the filmless areas 186 represented by
A, B, Cand D.

[0070] 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. The pixel electrode 190 has lower
portions (located in the filmless areas 186) and higher
portions (located on the passivation layer 180) due to the
filmless areas 186.

[0071] In addition, a plurality of storage connections or
bridges 91, which connect the storage electrodes 133a to the
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
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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.

[0072] A plurality of subsidiary gate pads 95 and a plu-
rality of subsidiary data pads 97 are formed on the passi-
vation layer. The subsidiary gate pad 95 is connected to the
gate pad 125 through a contact hole 182 provided at both the
passivation layer 180 and the gate insulating layer 140, and
the subsidiary data pad 97 is connected to the data pad 179
through a contact hole provided at the passivation layer 180.

[0073] 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 common electrode 270 having a plurality of sets of
cutouts 271, 272 and 273 are formed on the color filters 230.
The common electrode 270 is preferably made of a trans-
parent conductor such as ITO or IZ0.

[0074] Each set of the cutouts 271, 272 and 273 of the
common 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 over-
lapping the edges of the pixel electrodes 190.

[0075] 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 common electrode 271, 272 and 273 divide
the respective pixel areas into several small domains. The
domains are long such that their width and length are
distinguished. These small domains are classified into four
types based on average direction of major axes of liquid
crystal molecules therein under the application of electric
field. A and A"; B and B"; C and C'; and D and D' shown in
FIG. 4 are the same types, respectively. The small domains
of the same type are classified again based on their cell gaps.
The domains A, B, C and D have larger cell gaps while A',
B', C' and D' have smaller cell gaps. It is preferred that the
domains with larger cell gaps and the domains with smaller
cell gaps have equal planar areas. However, the equality may
be removed for improving visibility for particular viewing
directions.

[0076] As described above, the domains of the same type
having different cell gaps have different field distributions
and different retardations, thereby compensating for the
brightness to improve the lateral visibility.

[0077] Now, methods of manufacturing a TFT array panel
for an LCD according to embodiments of the present inven-
tion, which provides above-described structure and effect,
will be described.

[0078] FIGS. 5to 9 are sectional views sequentially illus-
trating a method of manufacturing a TFT array panel for an
LCD according to a first embodiment of the present inven-
tion.
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[0079] As shown in FIG. 5, 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 trans-
verse direction. At this time, although not shown, a storage
electrode wire is also formed (A First Mask).

[0080] 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 acid, nitric acid, 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 acid, nitric acid, acetic acid 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.

[0081] Next, as shown in FIG. 6, 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 amorphous silicon layer 154 and 159 and an ohmic
contact layer 160 and 169 on the gate insulating layer 140
opposite the gate electrodes 123 (A Second Mask).

[0082] Subsequently, as shown in FIG. 7, 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).

[0083] 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 amorphous
silicon pattern 154 between the two portions of the doped
amorphous silicon layer 163 and 165. Oxygen plasma treat-
ment is preferably performed in order to stabilize the
exposed surfaces of the amorphous silicon layer 154.

[0084] Next, as shown in FIG. 8, 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 SiNx, or by coating an organic
insulating film such as acryl-based material. The deposition
of the a-S:C:0 film is performed by using SiH(CH,),,
Si0,(CH,),, (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)
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[0085] 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 and a plurality of filmless areas 186. Here, the
planar shapes of the contact holes 181, 182 and 183 are
polygonal or circular. 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 pm 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 Fourth Mask).

[0086] 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
1s designed such that the cutouts of the pixel electrodes 190
have an inversion symmetry with respect to the data lines
171 (A Fifth Mask).

[0087] A TFT array panel according to an embodiment of
the present invention can be manufactured using four masks.
A TFT array panel manufactured using four masks and a
manufacturing method thereof will be described.

[0088] First, a structure of a TFT array panel manufac-
tured using four masks are considered.

[0089] FIG. 10 is a layout view of a TFT array panel for
an LCD according to a second embodiment of the present
invention, FIG. 11 is a sectional view of the TFT array panel
shown in FIG. 10 taken along the lines XIa-XIa', XIa'-XIa"
and XIa"-XIa", and FIG. 12 is a sectional view of the TFT
array panel shown in FIG. 10 taken along the lines XIb-XIb'".

[0090] A plurality of gate lines 121 extending substan-
tially in a transverse direction are formed on an insulating
substrate 110. A plurality of expansions of each gate line 121
form a plurality of gate electrodes 123, and a plurality of
gate pads 125 are formed at one ends of the gate lines 121.
A plurality of storage electrode lines 131 extending substan-
tially parallel to the gate lines 121 are also formed on the
insulating substrate 110. A plurality of pairs of storage
electrodes 1334 and 1335 extending in a longitudinal direc-
tion are branched from each storage electrode line 131 are
connected to each other via a storage electrode 133¢ extend-
ing in the transverse 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 133a, 133, 133¢ and 1334 are
preferably made of metal such as Al or Cr. They include
double layers preferably including sequentially deposited Cr
and Al layers. Alternatively, they include a variety of metals.
Alternately, the gate wire and the storage wire have either a
single-layered structure or triple-layered structure.
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[0091] 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 133a, 1335, 133¢ and
133d.

[0092] 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. A plurality of data pads 179 are formed at
one ends of the data lines 171. 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, the drain electrodes 175
and the data pads 179 have a double-layered structure
including a Cr layer 731, 751 and 791 and an Al layer 732,
752 and 792 like the gate wire. They may also have a
single-layered structure or a multiple-layered structure.

[0093] A plurality of channel portions 154 of an amor-
phous silicon layer 151 and 154 used as channel portions of
TFTs are formed under the source electrodes 173 and the
drain electrodes 175, and a plurality of data portions 151 of
the amorphous silicon layer 151 and 154 extending in the
longitudinal direction and connecting the amorphous silicon
channel portions 154 are formed under the data lines 171. A
contact layer 163, 165 and 169 for reducing the contact
resistance between the source and the drain electrodes 173
and 175 and the amorphous silicon channel portions 154 is
formed on the amorphous silicon layer 151 and 154. The
contact layer 161, 165 and 169 is preferably made of
amorphous silicon heavily doped with N-type impurity. The
contact layer 161, 165 and 169 has substantially the same
shape as the data wire 171, 173, 175 and 179, and the
amorphous silicon layer 154 and 151 has the same shape as
the data wire 171 and 179 except for the channel portions
154. In other words, the data wire is said to include a metal
layer, a contact layer and an amorphous silicon layer.

[0094] 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. The passivation layer
180 and the gate insulating layer 140 have filmless areas 186
provided for differentiating the height of a pixel electrode
190 between domains. The filmless areas 186 are indicated
by dotted lines as shown in FIG. 10 and cover four domains
located both sides of a first cutout 191 and a third cutout 193
of a pixel electrode 190.

[0095] 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 IZ0O 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
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for regularly distributing the field directions of the fringe
fields into four directions. The pixel electrode 190 has lower
portions (located in the filmless areas 186) and higher
portions (located on the passivation layer 180) due to the
filmless areas 186.

[0096] In addition, a plurality of storage connections or
bridges 91, which connect the storage electrodes 133a to the
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.

[0097] A plurality of subsidiary gate pads 95 and a plu-
rality of subsidiary data pads 97 are formed on the passi-
vation layer. The subsidiary gate pad 95 is connected to the
gate pad 125 through a contact hole 182 provided at both the
passivation layer 180 and the gate insulating layer 140, and
the subsidiary data pad 97 is connected to the data pad 179
through a contact hole provided at the passivation layer 180.

[0098] A color filter panel for an LCD according to the
second embodiment of the present invention has substan-
tially the same shape as the first embodiment. Accordingly,
an LCD having the section shown in FIG. 4 is obtained by
assembling the TFT array panel described with reference to
FIGS. 10, 11¢ and 115 and a color filter panel.

[0099] FIGS. 12A to 18B are sectional views of a TFT
array panel for an LCD sequentially showing the steps of a
manufacturing method thereof according to a second
embodiment of the present invention.

[0100] First, as shown in FIGS. 12A and 12B, a first gate
wire layer 231, 251 and 331c¢ preferably made of Cr or Mo
alloy having excellent physical and chemical characteristics
and a second gate wire layer 232, 252 and 332c¢ 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 131, 133q, 1335, 133¢ and 133d (A First
Mask).

[0101] Next, as shown in FIGS. 13A and 13B, a gate
insulating layer 140 of SiNx, a amorphous silicon 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
conductive 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 microns is coated thereon.

[0102] 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. 14A and 14B.



US 2006/0232721 Al

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
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 (A Second Mask).

[0103] 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.

[0104] 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.

[0105] When the photoresistive film is irradiated with light
through such a mask, polymers of the portions directly
exposed to the light are almost completely 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.

[0106] 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.

[0107] Thereafter, the photoresist pattern PR2 and the
underlying layers, i.e., the conductive layer 170, the contact
layer 150 and the amorphous silicon layer 150 are etched
such that a data wire and the underlying layers are left over
on the data areas A, only the amorphous silicon 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.

[0108] As shown in FIGS. 15A and 15B, 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
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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.

[0109] Consequently, as shown in FIGS. 15A and 15B,
portions 171, 173, 175 and 179 of the conductive layer on
the channel areas C and the data areas A, and under-bridge
metal pattern 172 are left over, while portions of the con-
ductive 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 separation. When
using the dry etching, the photoresist pattern PR1 and PR2
are also etched to a predetermined thickness.

[0110] Next, as shown in FIGS. 16A and 16B, the
exposed portions of the contact layer 150 on the areas B and
the underlying portions of the amorphous silicon 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 amorphous silicon layer
150 are simultaneously etched while the gate insulating
layer 140 is not etched. (It is noted that the amorphous
silicon layer and the intermediate layer have no etching
selectivity.) Particularly, the etching ratios of the photoresist
pattern PR1 and PR2 and the amorphous silicon 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 SF4 and
O,. For the equal etching ratios of the photoresist pattern
PR1 and PR2 and the amorphous silicon layer 150, the
thickness of the second portions PR2 is preferably equal to
or less than the sum of the thicknesses of the amorphous
silicon layer 150 and the contact layer 150.

[0111] In this way, as shown in FIGS. 16A and 16B, 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 amorphous
silicon layer 150 on the areas B are removed to expose the
underlying portions of the gate insulating layer 140. Mean-
while, the first portions PR1 on the data areas A are also
etched to have reduced thickness. In this step, the formation
of a amorphous silicon pattern 151, 153 and 157 are com-
pleted. A contact layer 161, 163 and 165 and 169 is formed
on the amorphous silicon pattern 151, 153 and 157.

[0112] 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.

[0113] Subsequently, as shown in FIGS. 17A and 17B,
the exposed portions of the source/drain conductor pattern
on the channel areas C and the underlying portions of the
source/drain contact layer pattern are etched to be removed.
Dry etching may be applied to both of the source/drain
conductor pattern and the source/drain contact layer pattern.
Alternatively, wet etching is applied to the source/drain
conductor pattern while dry etching is applied to the source/
drain contact layer pattern. In the former case, it is preferable
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that the conductor pattern and the contact layer pattern are
etched under large etching selectivity because, if not large,
it is not easy to find the end point of etching and in turn, it
is not easy to adjust the thickness of the amorphous silicon
pattern 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 subject to wet
etch are etched, while those of the contact layer pattern
subject to dry etch are hardly etched, thereby obtaining the
stepwise lateral sides. Examples of etching gases used for
etching the conductor pattern 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
amorphous silicon pattern 154 with even thickness. At this
time, top portions of the amorphous silicon pattern 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 underlying storage
capacitor electrodes 177.

[0114] 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.

[0115] 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.

[0116] 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.

[0117] Next, as shown in FIGS. 17A and 17B, 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,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.

[0118] Subsequently, as shown in FIGS. 18A and 18B,
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 and filmless areas 186 exposing the
panel 110. 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 pm and equal to or less than 2
mmx60 pm. Although not shown, a plurality of contact holes
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for contacting storage bridges with the storage electrode
lines and the storage electrodes are also formed in this step
(A Third Mask).

[0119] Finally, as shown in FIGS. 11A and 11B, an ITO
layer or an 17O 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 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 (A
Fourth Mask).

[0120] Since the pixel electrodes 190, the auxiliary gate
pads 95 and the auxiliary data pads 97 made of 170 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 120
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 1n,0; and ZnO and an
amount of ZnO contained therein is in a range of 15-29 at %.

[0121] A pre-heating process using nitrogen gas is pref-
erably 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, 183, 184 and 185.

[0122] Although cutouts are exemplified as members for
partitioning small domains in the above description, dielec-
tric protrusions are also used as the domain partitioning
members. The protrusions are provided on pixel electrodes
and a common electrode as the domain partitioning mem-
bers.

[0123] FIG. 19 is a schematic layout view of an LCD
according to a third embodiment of the present invention,
and FIGS. 20A and 20B are sectional views of the LCD
according to the third embodiment of the present invention
shown in FIG. 19 taken along the line XXA-XXA'". FIGS.
20A and 20B show the arrangements of the liquid crystal
molecules in an normally black mode LCD in the absence of
electric field and in the application of voltages, respectively.

[0124] As shown in FIGS. 20A and 20B, a transparent
pixel electrode 190 preferably made of a transparent con-
ductive material such as ITO and 12O is formed on a surface
of a first substrate 110. The pixel electrode 190 has a
plurality of cutouts 191 formed by removing portions of the
pixel electrode. A second substrate 210 faces the first sub-
strate 110 and space apart from the first substrate 110.

[0125] An outer black matrix 220a and an inner black
matrix 2205 are formed on the inner surface of the second
substrate. The outer black matrix 2205 has a matrix shape to
define pixel areas A, and the inner black matrix 2205 is
located within the pixel area A and has a predetermined
shape.

[0126] A plurality of red, green and blue color filters are
formed on the outer and inner black matrices 220¢ and 2205.
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The portions of the color filter 230 overlapping the inner
black matrix 2205 are removed to expose the inner matrix
220b. The portions of the outer black matrix 220qa located at
the boundary between the colors are exposed without cov-
ered by the color filter 230. Some portions of the color filters
230 overlap and contact the outer and inner black matrices
220a and 2205 while remaining portions are in direct contact
with the second substrate 210.

[0127] A transparent common electrode 270 is formed on
the inner surfaces of the exposed portions of the outer and
inner matrices 220a and 2205 and the color filters 230. The
common electrode 270 is depressed to form recesses on the
inner matrix 2205. An organic insulating layer 50 is formed
on the common electrode 270 and located in a predeter-
mined area. As shown in FIGS. 20A and 20B, the organic
insulating layer 50 is disposed in a predetermined area B in
a pixel area A surrounded by the outer black matrix 220q.
The organic insulating layer 50 covers the recesses 291
provided on the inner black matrix 2205.

[0128] A plurality of liquid crystal molecules 3 with
negative dielectric are interposed between the first substrate
110 and the second substrate 210.

[0129] As shown in FIG. 20A, the liquid crystal mol-
ecules 3 is aligned perpendicular to the surface of the two
substrates 110 and 210 when there is no voltage between the
pixel electrode 190 and the common electrode 270.

[0130] As shown in FIG. 20B, an electric filed E is
generated between the first and the second substrates 110
and 210 when voltages are applied to the pixel electrode 190
and the common electrode 270. The electric field form a
fringe field of an inclined curve without exact perpendicu-
larity with respect to the two substrates 110 and 210 due to
the recesses 291 of the common electrode 270 located at the
overlaps between the cutouts 191 of the pixel electrode 190
and the inner black matrix 2205. Since the liquid crystal
molecules 3 with negative dielectric anisotropy tend to align
perpendicular to the field direction, they re-arrange such that
their major axes are oblique to the surfaces of the two
substrates 110 and 210. Accordingly, the liquid crystal
molecules 3 in the opposite regions with respect to the
cutouts 191 and the recesses 291 tilt in an opposite manner,
and this compensates for the optical characteristics of the
opposite regions to widen the viewing angle.

[0131] Inthe meantime, it is assumed that p1 is a tilt angle
of the major axis of a liquid crystal molecule 3 with respect
to the first substrate 110 in a region B with the organic
insulating layer 50 and (32 is a tilt angle of the major axis of
a liquid crystal molecule 3 with respect to the first substrate
110 in a region C without the organic insulating layer 50.
The tilt angles f1 and f2 in the regions B and C are different.

[0132] This will be described in detail.

[0133] The strength of the electric field for equal voltage
is different in the region B with the organic insulating layer
50 and the region C without the organic insulating layer 50.
For example, the strength of the electric field for equal
voltages in the region C without the organic insulating layer
50 is larger than in the region B with the organic insulating
layer 50. It is because the voltage is divided by the organic
insulating layer 50 such that the voltage across the liquid
crystal in the region B with the organic insulating layer 50
is reduced compared with that in the region C without the
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organic insulating layer 50. Especially, when dielectric con-
stant of the organic insulating layer 50 is smaller than that
of the liquid crystal, a higher voltage is distributed to the
organic insulating layer than the liquid crystals. Accord-
ingly, the voltage across the liquid crystal in the region B
with the organic insulating layer 50 is reduced compared
with that in the region C without the organic insulating layer
50. For a reference, dielectric constant of vertically aligned
liquid crystals varies from about 3.0 to about 7.0 depending
on alignment of the liquid crystals. Direction along the long
axis, dielectric constant of vertically aligned liquid crystals
is about 3.0. Direction along the short axis, dielectric con-
stant of vertically aligned liquid crystals is about 7.0.
Accordingly, the liquid crystal molecules in the region B
with the organic insulating layer 50 experiences relatively
weak electric field to make relatively small tilt angle while
those in the region C without the organic insulating layer 50
experiences relatively strong electric field to make relatively
large tilt angle. Therefore, tilt angle f1 of the major axes of
the liquid crystal molecules in the region B with the organic
insulating layer 50 is large relative to the tilt angle 2 in the
region C without the organic insulating layer 50.

[0134] Furthermore, thickness of the liquid crystal (cell
gap) in the region B with the organic insulating layer 50 is
smaller than that in the region C without the organic
insulating layer 50. As a result, phase retardation of a light
induced by the liquid crystal in the region B is also smaller
than that in the region C.

[0135] Since the tilt angles and thickness of the liquid
crystal between the regions B with the organic insulating
layer 50 and the regions C without the organic insulating
layer 50 are different, the transmittance curves as function of
applied voltage, i.e., the V-T curves are different as shown
in FIG. 21. Accordingly, the optical characteristics in the
two regions B and C are effectively compensated to widen
the viewing angle. It is preferable that the dielectric constant
of the organic insulating layer 50 ranges 1.5 to 7.5 and the
thickness thereof is equal to or less than 3.0 microns. It is
because the transmittance becomes poor when the thickness
of organic insulating layer 50 becomes larger than 3.0
microns.

[0136] Although the figures show that the organic insu-
lating layer covers one of the two regions, the organic
insulating layer 50 may cover at least one domain among a
plurality of domains forming a pixel region. That is, the
patterns of the organic insulating layer 50 are not limited to
the embodiments of the present invention but can have
various shapes and arrangements for four domain pixels.

[0137] When area of the region B with the organic insu-
lating layer 50 is formed to be wider than that of the region
C without the organic insulating layer 50, lateral visibility of
an LCD is improved. This effect will be described in detail
with reference to FIGS. 37 and 38.

[0138] FIG. 37 is a graph showing gamma curves of an
LCD according to an embodiment of the present invention.
FIG. 38 is a graph showing degrees of visibility distortion
with respect to area ratio of the two regions B and C.

[0139] Referring to FIG. 37, when the area ratio of the
region B with a relatively weak electric field and the region
C with a relatively strong electric field is 2:1 (curve II), a
right lateral gamma curve is closer to the front gamma curve
than when the area ratio of the two regions B and C is 1:1
(curve I).
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[0140] Referring to FIG. 38, when area of the region C is
reduced below 50% of the whole pixel area, degree of
visibility distortion decreases. The degree of visibility dis-
tortion is smallest when the area of the region C is 30% of
the whole pixel area.

[0141] FIG. 19 shows a simple layout of an LCD accord-
ing to an embodiment of the present invention.

[0142] As shown in FIG. 19, the pixel cutouts 191 and the
recesses 291 of the common electrode 270 are alternately
arranged. In this case, since the recesses 291 of the common
electrode 270 and the inner black matrix 2205 overlap each
other, they are not distinguished in FIG. 19. A pixel region
A is divided into the regions B with the organic insulating
layer 50 and the regions C without the organic insulating
layer 50. Each region B and C are partitioned by a plurality
of domains. The optical characteristics of the domains are
compensated to widen the viewing angle.

[0143] Now, a method of manufacturing an LCD accord-
ing to the third embodiment of the present invention is
described in detail with reference to FIGS. 22A to 22D.

[0144] FIGS.22A to 22D are sectional views sequentially
illustrating a color filter panel for an LCD according to a
third embodiment of the present invention.

[0145] An LCD includes a color filter panel provided with
a common electrode, a TFT array panel provided with a
plurality of pixel electrodes, and a liquid crystal layer
interposed therebetween.

[0146] The method of manufacturing a color filter panel
200 includes the steps of forming inner and outer matrices
and color filters, forming a common electrode, forming an
organic insulating layer and patterning the organic insulating
layer.

[0147] As shown in FIG. 22A, the step of forming inner
and outer matrices and color filters includes the formation of
a net-shaped outer matrix for covering boundaries of the
pixel areas and an inner black matrix located in the pixel
area. The coating of photosensitive material containing
pigments on the black matrices 220a and 2205 and perform-
ing light exposure and development are repeated three times
to for red, green and blue color filters 230. At this time,
portions of the color filters 230 on the inner black matrix
2205 in the pixel areas are removed to expose portions of the
inner black matrix 2205.

[0148] As shown in FIG. 22B, the step of forming a
common electrode includes the deposition of an ITO layer or
an 17O layer on the exposed portions of the inner and outer
black matrices 220a and 2205 and the color filters 230 to
form the common electrode 270. The portions of the com-
mon electrode 270 on the inner black matrix form recesses
291.

[0149] Subsequently, as shown in FIG. 22C, an organic
insulating layer 50 covering the common electrode 270 is
formed.

[0150] Next, as shown in FIG. 22D, the patterning of the
organic insulating layer 50 leaves only the portions of the
organic insulating layer 50 in some regions of a pixel region.

[0151] According to the method of manufacturing a color
filter panel, the common electrode 270 on the second sub-
strate has no cutout. Therefore, a photo-etch process for
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forming the cutouts is not required, and thus the formation
of a buffer overcoat for protecting the color filters from
etchant is not required, too. This simplifies the method and
solves the problem of resistance increase of the common
electrode 270 due to the cutouts. In addition, the defects
resulted from the overcut or undercut of the cutouts are
removed.

[0152] FIG. 23 is a schematic layout view of an LCD
according to a fourth embodiment of the present invention,
and FIGS. 24A and 24B are sectional views of the LCD
according to the fourth embodiment of the present invention
shown in FIG. 23 taken along the line XXIV-XXIV'. FIGS.
24A and 24B show the arrangements of the liquid crystal
molecules in an normally black mode L.CD in the absence of
electric field and in the application of voltages, respectively.

[0153] Here, like numerals as in the above-reference fig-
ures refer to like elements performing like function.

[0154] As shown in FIGS. 24A and 24B, a transparent
pixel electrode 190 preferably made of a transparent con-
ductive material such as ITO and IZO is formed on a surface
of a first substrate 110. The pixel electrode 190 has a
plurality of cutouts 191 formed by removing portions of the
pixel electrode. A second substrate 210 faces the first sub-
strate 110 and space apart from the first substrate 110.

[0155] An outer black matrix 220a and an inner black
matrix 2205 are formed on the inner surface of the second
substrate. The outer black matrix 2205 has a matrix shape to
define pixel areas A, and the inner black matrix 2205 is
located within the pixel area A and has a predetermined
shape.

[0156] A plurality of red, green and blue color filters are
formed on the outer and inner black matrices 220 and 2205.
The color filter 230 covers the inner black matrix 2205. The
portions of the outer black matrix 220a located at the
boundary between the colors are exposed without covered
by the color filter 230. Some portions of the color filters 230
overlap and contact the outer black matrices 220a and 2205
while remaining portions are in direct contact with the
second substrate 210.

[0157] An overcoat 250 for protecting the color filters 230
is formed on the inner surfaces of the color filters 230. A
transparent common electrode 270 is formed on the inner
surfaces of the overcoat 250. The common electrode 270 has
a plurality of cutouts 271. The first and the second substrates
110 and 210 are aligned such that the cutouts 271 and 291
are arranged alternately without matching each other.

[0158] An organic insulating layer 50 is formed on the
common electrode 270 and located in a predetermined area.
As shown in FIGS. 24A and 24B, the organic insulating
layer 50 is disposed in a predetermined area B' in a pixel area
A surrounded by the outer black matrix 220a and divides the
pixel area A into two areas. The organic insulating layer 50
does not cover the cutouts 271 of the common electrode 270.

[0159] A plurality of liquid crystal molecules 3 with
negative dielectric are interposed between the first substrate
110 and the second substrate 210.

[0160] As shown in FIG. 24A, the liquid crystal mol-
ecules 3 is aligned perpendicular to the surface of the two
substrates 110 and 210 when there is no voltage between the
pixel electrode 190 and the common electrode 270.



US 2006/0232721 Al

[0161] As shown in FIG. 24B, an electric filed E is
generated between the first and the second substrates 110
and 210 when voltages are applied to the pixel electrode 190
and the common electrode 270. The electric field form a
fringe field of an inclined curve without exact perpendicu-
larity with respect to the two substrates 110 and 210 due to
the cutouts 291 of the common electrode 270 and the cutouts
191 of the pixel electrode 190. Since the liquid crystal
molecules 3 with negative dielectric anisotropy tend to align
perpendicular to the field direction, they re-arrange such that
their major axes are oblique to the surfaces of the two
substrates 110 and 210. Accordingly, the liquid crystal
molecules 3 in the opposite regions with respect to the
cutouts 191 and 271 tilt in an opposite manner, and this
compensates for the optical characteristics of the opposite
regions to widen the viewing angle.

[0162] Inthe meantime, it is assumed that 1 is a tilt angle
of the major axis of a liquid crystal molecule 3 with respect
to the first substrate 110 in a region B' with the organic
insulating layer 50 and (32 is a tilt angle of the major axis of
a liquid crystal molecule 3 with respect to the first substrate
110 in a region C' without the organic insulating layer 50.
The tilt angles 1 and 2 in the regions B' and C' are
different.

[0163] This will be described in detail.

[0164] The strength of the electric field for equal voltage
is different in the region B' with the organic insulating layer
50 and the region C' without the organic insulating layer 50.
For example, the strength of the electric field for equal
voltages in the region C' without the organic insulating layer
50 is larger than in the region B' with the organic insulating
layer 50. It is because the voltage is divided by the organic
insulating layer 50 such that the voltage across the liquid
crystal in the region B' with the organic insulating layer 50
is reduced compared with that in the region C' without the
organic insulating layer 50. Especially, when dielectric con-
stant of the organic insulating layer 50 is smaller than that
of the liquid crystal, a higher voltage is distributed to the
organic insulating layer than the liquid crystals. Accord-
ingly, the voltage across the liquid crystal in the region B
with the organic insulating layer 50 is reduced compared
with that in the region C without the organic insulating layer
50. For a reference, dielectric constant of vertically aligned
liquid crystals varies from about 3.0 to about 7.0 depending
on alignment of the liquid crystals. Direction along the long
axis, dielectric constant of vertically aligned liquid crystals
is about 3.0. Direction along the short axis, dielectric con-
stant of vertically aligned liquid crystals is about 7.0.
Accordingly, the liquid crystal molecules in the region B
with the organic insulating layer 50 experiences relatively
weak electric field to make relatively small tilt angle while
those in the region C' without the organic insulating layer 50
experiences relatively strong electric field to make relatively
large tilt angle. Therefore, tilt angle f1 of the major axes of
the liquid crystal molecules in the region B' with the organic
insulating layer 50 is large relative to the tilt angle (2 in the
region C' without the organic insulating layer 50.

[0165] Furthermore, thickness of the liquid crystal (cell
gap) in the region B with the organic insulating layer 50 is
smaller than that in the region C without the organic
insulating layer 50. As a result, phase retardation of a light
induced by the liquid crystal in the region B is also smaller
than that in the region C.
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[0166] Since the tilt angles and thickness of the liquid
crystal layer between the regions B' with the organic insu-
lating layer 50 and the regions C' without the organic
insulating layer 50 are different, the transmittance curves as
function of applied voltage, i.e., the V-T curves are different
as shown in FIG. 21. Accordingly, the optical characteristics
in the two regions B and C are effectively compensated to
widen the viewing angle. It is preferable that the dielectric
constant of the organic insulating layer 50 ranges 1.5 to 7.5
and the thickness thereof'is equal to or less than 3.0 microns.
It is because the transmittance becomes poor when the
thickness of organic insulating layer 50 becomes larger than
3.0 microns.

[0167] As shown in FIG. 23, the pixel cutouts 191 and 271
of the common electrode 270 are alternately arranged. In this
case, since the recesses 291 of the common electrode 270
and the inner black matrix 2205 overlap each other, they are
not distinguished in FIG. 23. A pixel region A is divided into
the regions B' with the organic insulating layer 50 and the
regions C' without the organic insulating layer 50. Each
region B' and C' are partitioned by a plurality of domains.
The optical characteristics of the domains are compensated
to widen the viewing angle.

[0168] When area of the region B with the organic insu-
lating layer 50 is formed to be wider than that of the region
C without the organic insulating layer 50, lateral visibility of
an LCD is improved. This effect will be described in detail
with reference to FIGS. 37 and 38.

[0169] FIG. 37 is a graph showing gamma curves of an
LCD according to an embodiment of the present invention.
FIG. 38 is a graph showing degrees of visibility distortion
with respect to area ratio of the two regions B and C.

[0170] Referring to FIG. 37, when the area ratio of the
region B with a relatively weak electric field and the region
C with a relatively strong electric field is 2:1 (curve II), a
right lateral gamma curve is closer to the front gamma curve
than when the area ratio of the two regions B and C is 1:1
(curve I).

[0171] Referring to FIG. 38, when area of the region C is
reduced below 50% of the whole pixel area, degree of
visibility distortion decreases. The degree of visibility dis-
tortion is smallest when the area of the region C is 30% of
the whole pixel area.

[0172] Now, a method of manufacturing an LCD accord-
ing to the third embodiment of the present invention is
described in detail with reference to FIGS. 25A to 25E.

[0173] FIGS. 25A to 25E are sectional views sequentially
illustrating a color filter panel for an LCD according to a
fourth embodiment of the present invention.

[0174] An LCD includes a color filter panel provided with
a common electrode, a TFT array panel provided with a
plurality of pixel electrodes, and a liquid crystal layer
interposed therebetween.

[0175] The method of manufacturing a color filter panel
200 includes the steps of forming inner and outer matrices
and color filters, forming an overcoat, forming a common
electrode, forming an organic insulating layer and patterning
the organic insulating layer.

[0176] As shown in FIG. 25A, the step of forming inner
and outer matrices and color filters includes the formation of
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a net-shaped outer matrix for covering boundaries of the
pixel areas and an inner black matrix located in the pixel
area. The coating of photosensitive material containing
pigments on the black matrices 220a and 2205 and perform-
ing light exposure and development are repeated three times
to for red, green and blue color filters 230. The color filters
230 covers the inner black matrix 2205.

[0177] As shown in FIG. 25B, the step of forming an
overcoat includes the deposition on the exposed portions of
the outer black matrices 220a and 2204 and the color filters
230 to form the overcoat 250.

[0178] As shown in FIG. 25C, the step of forming a
common electrode includes the deposition of the common
electrode 270 on the overcoat 250 and the formation of
cutouts 271 at the position corresponding to the inner and
black matrix 2205.

[0179] Subsequently, as shown in FIG. 25D, an organic
insulating layer 50 covering the common electrode 270 is
formed.

[0180] Next, as shown in FIG. 25E, the patterning of the
organic insulating layer 50 is performed such that the
organic insulating layer 50 does not cover the cutouts 271.
Only the portions of the organic insulating layer 50 in some
regions of a pixel region is remained.

[0181] FIG. 26 is a schematic layout view of an LCD
according to a fifth embodiment of the present invention,
and FIGS. 27A and 27B are sectional views of the LCD
according to the fifth embodiment of the present invention
shown in FIG. 26 taken along the line XXVII-XXVII'.
FIGS. 27A and 27B show the arrangements of the liquid
crystal molecules in an normally black mode LCD in the
absence of electric field and in the application of voltages,
respectively.

[0182] As shown in FIGS. 27A and 27B, a transparent
pixel electrode 190 preferably made of a transparent con-
ductive material such as ITO and 12O is formed on a surface
of a first substrate 110. The pixel electrode 190 has a
plurality of cutouts 191 formed by removing portions of the
pixel electrode. An organic insulating layer 50 is formed on
the pixel electrode 190 and located in a predetermined area.
As shown in FIGS. 26, 27A and 27B, the organic insulating
layer 50 is disposed in a predetermined area B in a pixel area
A surrounded by an outer black matrix 220a. A pixel area A
generally represents one of the red, green and blue colors.
The organic insulating layer 50 does not cover the cutouts
191 and provided on the pixel electrode 190. A second
substrate 210 faces the first substrate 110 and space apart
from the first substrate 110.

[0183] An outer black matrix 220a and an inner black
matrix 2205 are formed on the inner surface of the second
substrate. The outer black matrix 2205 has a matrix shape to
define pixel areas A, and the inner black matrix 2205 is
located within the pixel area A and has a predetermined
shape.

[0184] A plurality of red, green and blue color filters are
formed on the outer and inner black matrices 220a and 2205.
The portions of the color filter 230 overlapping the inner
black matrix 2205 are removed to expose the inner matrix
220b. The portions of the outer black matrix 220qa located at
the boundary between the colors are exposed without cov-
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ered by the color filter 230. Some portions of the color filters
230 overlap and contact the outer and inner black matrices
220a and 2205 while remaining portions are in direct contact
with the second substrate 210.

[0185] A transparent common electrode 270 is formed on
the inner surfaces of the exposed portions of the outer and
inner matrices 220a and 2205 and the color filters 230. The
common electrode 270 is depressed to form recesses on the
inner matrix 2204.

[0186] A plurality of liquid crystal molecules 3 with
negative dielectric are interposed between the first substrate
110 and the second substrate 210.

[0187] As shown in FIG. 27A, the liquid crystal mol-
ecules 3 is aligned perpendicular to the surface of the two
substrates 110 and 210 when there is no voltage between the
pixel electrode 190 and the common electrode 270.

[0188] As shown in FIG. 27B, an electric filed E is
generated between the first and the second substrates 110
and 210 when voltages are applied to the pixel electrode 190
and the common electrode 270. The electric field form a
fringe field of an inclined curve without exact perpendicu-
larity with respect to the two substrates 110 and 210 due to
the recesses 291 of the common electrode 270 located at the
overlaps between the cutouts 191 of the pixel electrode 190
and the inner black matrix 2205. Since the liquid crystal
molecules 3 with negative dielectric anisotropy tend to align
perpendicular to the field direction, they re-arrange such that
their major axes are oblique to the surfaces of the two
substrates 110 and 210. Accordingly, the liquid crystal
molecules 3 in the opposite regions with respect to the
cutouts 191 and the recesses 291 tilt in an opposite manner,
and this compensates for the optical characteristics of the
opposite regions to widen the viewing angle.

[0189] Inthe meantime, it is assumed that 1 is a tilt angle
of the major axis of a liquid crystal molecule 3 with respect
to the first substrate 110 in a region D with the organic
insulating layer 50 and p2 is a tilt angle of the major axis of
a liquid crystal molecule 3 with respect to the first substrate
110 in a region F without the organic insulating layer 50. The
tilt angles f1 and B2 in the regions D and F are different.

[0190] This will be described in detail.

[0191] The strength of the electric field for equal voltage
is different in the region D with the organic insulating layer
50 and the region F without the organic insulating layer 50.
For example, the strength of the electric field for equal
voltages in the region F without the organic insulating layer
50 is larger than in the region D with the organic insulating
layer 50. It is because the voltage is divided by the organic
insulating layer 50 such that the voltage across the liquid
crystal in the region D with the organic insulating layer 50
is reduced compared with that in the region F without the
organic insulating layer 50. Especially, when dielectric con-
stant of the organic insulating layer 50 is smaller than that
of the liquid crystal, a higher voltage is distributed to the
organic insulating layer than the liquid crystals. Accord-
ingly, the voltage across the liquid crystal in the region D
with the organic insulating layer 50 is reduced compared
with that in the region F without the organic insulating layer
50. For a reference, dielectric constant of vertically aligned
liquid crystals varies from about 3.0 to about 7.0 depending
on alignment of the liquid crystals. Direction along the long
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axis, dielectric constant of vertically aligned liquid crystals
is about 3.0. Direction along the short axis, dielectric con-
stant of vertically aligned liquid crystals is about 7.0.
Accordingly, the liquid crystal molecules in the region D
with the organic insulating layer 50 experiences relatively
weak electric field to make relatively small tilt angle while
those in the region F without the organic insulating layer 50
expetriences relatively strong electric field to make relatively
large tilt angle. Therefore, tilt angle f1 of the major axes of
the liquid crystal molecules in the region D with the organic
insulating layer 50 is large relative to the tilt angle 2 in the
region F without the organic insulating layer 50.

[0192] Furthermore, thickness of the liquid crystal (cell
gap) in the region D with the organic insulating layer 50 is
smaller than that in the region F without the organic insu-
lating layer 50. As a result, phase retardation of a light
induced by the liquid crystal in the region D is also smaller
than that in the region F.

[0193] Since the tilt angles and thickness of the liquid
crystal between the regions D with the organic insulating
layer 50 and the regions F without the organic insulating
layer 50 are different, the transmittance curves as function of
applied voltage, i.c., the V-T curves are different as shown
in FIG. 21. Accordingly, the optical characteristics in the
two regions D and F are effectively compensated to widen
the viewing angle. It is preferable that the dielectric constant
of the organic insulating layer 50 ranges 1.5 to 7.5 and the
thickness thereof is equal to or less than 3.0 microns. It is
because the transmittance becomes poor when the thickness
of organic insulating layer 50 becomes larger than 3.0
microns.

[0194] Although the figures show that the organic insu-
lating layer covers one of the two regions, the organic
insulating layer 50 may cover at least one domain among a
plurality of domains forming a pixel region. That is, the
patterns of the organic insulating layer 50 are not limited to
the embodiments of the present invention but can have
various shapes and arrangements for four domain pixels.

[0195] When area of the region D with the organic insu-
lating layer 50 is formed to be wider than that of the region
F without the organic insulating layer 50, lateral visibility of
an LCD is improved. This effect will be described in detail
with reference to FIGS. 37 and 38.

[0196] FIG. 37 is a graph showing gamma curves of an
LCD according to an embodiment of the present invention.
FIG. 38 is a graph showing degrees of visibility distortion
with respect to area ratio of the two regions D and F.

[0197] Referring to FIG. 37, when the area ratio of the
region D with a relatively weak electric field and the region
F with a relatively strong electric field is 2:1 (curve II), a
right lateral gamma curve is closer to the front gamma curve
than when the area ratio of the two regions D and F is 1:1
(curve I).

[0198] Referring to FIG. 38, when area of the region F is
reduced below 50% of the whole pixel area, degree of
visibility distortion decreases. The degree of visibility dis-
tortion is smallest when the area of the region F is 30% of
the whole pixel area.

[0199] FIG. 26 shows a simple layout of an LCD accord-
ing to an embodiment of the present invention.
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[0200] As shown in FIG. 26, the pixel cutouts 191 and the
recesses 291 of the common electrode 270 are alternately
arranged. In this case, since the recesses 291 of the common
electrode 270 and the inner black matrix 2205 overlap each
other, they are not distinguished in FIG. 19. A pixel region
A is divided into the regions D with the organic insulating
layer 50 and the regions F without the organic insulating
layer 50. Each region D and F are partitioned by a plurality
of domains. The optical characteristics of the domains are
compensated to widen the viewing angle.

[0201] Although the organic insulating layer 50 provided
on the pixel electrodes 190 widens the viewing angle, it
decreases the transmittance, thereby reducing the brightness.
As shown in FIG. 28, the lower the transmittance becomes
as the thicker the organic insulating layer 50 becomes. The
thickness of the organic insulating layer 50 is preferably
equal to or less than 3.0 microns.

[0202] Now, various examples of organic insulating layer
patterns in predetermined areas of pixel electrodes for
increasing the brightness are described.

[0203] FIGS. 29A to 36 show several organic insulating
layer patterns to be formed in predetermined areas of pixel
electrodes.

[0204] FIG. 29A illustrates a first exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention, and FIG. 30 illustrates a second
exemplary pattern of an organic insulating layer according
to the fifth embodiment of the present invention.

[0205] Referring to FIG. 29A, the pixel areas A of pixel
electrodes 190 representing red, green and blue colors are
defined as red (R) pixels 51 and 55, green (G) pixels 52 and
56, and blue (B) pixels 53 and 57, respectively. An area
including a set of the R, G and B pixels 51, 52 and 53
provided with an organic insulating layer or an area includ-
ing a set of the R, G and B pixels 55, 56 and 57 without the
organic insulating layer is referred to as a dot 54 or 58. A dot
54 provided with the organic insulating layer in predeter-
mined areas therein is referred to as an organic insulating
dot, while a dot 55 without the organic insulating layer
therein is referred to as a non organic insulating dot. The R
pixel 51 of the organic insulating dot 54 is referred to as a
R organic insulating pixel, the G pixel 52 of the organic
insulating dot 54 is referred to as a G organic insulating
pixel, and the B pixel 51 of the organic insulating dot 54 is
referred to as a B organic insulating pixel.

[0206] Various organic insulating layer patterns on pixel
electrodes 190 in relation to organic insulating dots 54 and
non organic insulating dots 55 are illustrated in FIGS. 29A
to 36. The organic insulating dot 54 and the non organic
insulating dot 55 have equal areas for preventing the bright-
ness reduction of some areas having an organic insulating
layer 50.

[0207] 50% of the area of each of the R, G and B organic
insulating pixels 51, 52 and 53 is covered with an organic
insulating layer 50.

[0208] FIG. 29B is an enlarged view of a set of R, G and
B organic insulating pixels 51, 52 and 53 shown in FIG.
29A, which illustrates tilt directions of liquid crystal mol-
ecules.
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[0209] As shown in FIG. 29B, the tilt directions of the
liquid crystal molecules in each of the R, G and B organic
insulating pixels 51, 52 and 53 are different.

[0210] For example, the R organic insulating pixel 51 is
partitioned into first to fourth directional R organic domains
5la, 51b, 51c¢ and 51d which are four regions having
different tilt directions of the liquid crystal molecules 3. The
R organic insulating pixel 51 has two pixel cutouts 191, an
upper right cutout 191a having a right end located at an
upper position and an upper left cutout 1915 having a left
end located at an upper position. The liquid crystal mol-
ecules in the first directional organic domain 51q tilt in a
northwest direction due to the upper right cutout 191a, while
those in the second directional organic domain 515 tilt in a
southeast direction due to the upper right cutout 191a.
Likewise, the liquid crystal molecules in the third directional
organic domain 51¢ tilt in a northeast direction due to the
upper left cutout 1915, while those in the fourth directional
organic domain 514 tilt in a southwest direction due to the
upper left cutout 1915.

[0211] Similarly, the G organic insulating pixel 52 is
partitioned into first to fourth directional G organic domains
52a, 52b, 52¢ and 52d which are four regions having
different tilt directions of the liquid crystal molecules 3, and
the B organic insulating pixel 53 is partitioned into first to
fourth directional B organic domains 53a, 535, 53¢ and 534
which are four regions having different tilt directions of the
liquid crystal molecules 3.

[0212] The organic insulating layer 50 is formed such that
the occupied areas of the first to the fourth directional R
organic domains 51a, 51b, 51¢ and 514 on the pixel elec-
trode 190 are the same, and this is the same for the first to
the fourth directional G organic domains 52a, 52b, 52¢ and
52d and the first to the fourth directional B organic domains
53a, 53b, 53¢ and 534.

[0213] The organic insulating layer 50 is formed such that
the first directional R organic domain 5la, the first direc-
tional G organic domain 52a and the first directional B
organic domain 53a occupy the same area of the respective
pixel electrodes 190, and this is the same for the second, the
third and the fourth directional R, G and B organic domains.

[0214] Now, several organic insulating layer patterns sat-
isfying these requirements are described.

[0215] FIGS. 29A to 32 show organic insulating layer
patterns of line inversion type. The line-inversion-type
organic insulating layer pattern means that organic insulat-
ing layer dots 54 and non organic insulating layer dots 55 are
arranged alternately along a transverse direction or a longi-
tudinal direction.

[0216] Referring to FIGS. 29A and 30, organic insulating
layer dots 54 and non organic insulating layer dots 55 are
alternately arranged along the transverse direction. Herein-
after, N indicates the first odd column or row, N+1 indicates
the second odd column or row, M indicates the first even
column or row, and M+1 indicates the second even column
or row. The column N or N+1 includes organic insulating
layer dots 54 while the column M or M+1 includes non
organic insulating layer dots 55. Hereinafter, (N, M) means
the row M of the column N.

[0217] In the first exemplary organic insulating layer
pattern shown in FIG. 29A, first and second directional
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organic domains 51a, 516, 52a, 52b, 53a and 536 of R, G
and B organic insulating layer pixels of the organic insulat-
ing layer dots 54 at (N, M) and (N+1, N) are provided with
an organic insulating layer 50. In addition, third and fourth
directional organic domains 51¢, 51d, 52¢, 52d, 53¢ and 53d
of the organic insulating layer dots 54 at (N, N) and (N+1,
M) are provided with the organic insulating layer 50.

[0218] In the exemplary organic insulating layer pattern
shown in FIG. 30, third and fourth directional organic
domains 51c¢, 51d, 52¢, 52d, 53¢ and 53d of the organic
insulating layer dots 54 at (N, N) and (N+1, N) are provided
with an organic insulating layer 50, while first and second
directional organic domains 51a, 51b, 52a, 52b, 53a and 53b
of the organic insulating layer dots 54 at (N, M) and (N+1,
N) are provided with the organic insulating layer 50.

[0219] FIG. 31 illustrates a third exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention, and FIG. 32 illustrates a fourth
exemplary pattern of an organic insulating layer according
to the fifth embodiment of the present invention.

[0220] Referring to FIGS. 31 and 32, organic insulating
layer dots 54 and non organic insulating layer dots 55 are
alternately arranged along the longitudinal direction.

[0221] FIGS. 33 to 36 show organic insulating layer
patterns of dot inversion type.

[0222] The dot-inversion-type organic insulating layer
pattern means that a non organic insulating layer dot 55 is
adjacent to organic insulating layer dots 54 in four direc-
tions. In other words, an organic insulating layer dot 54 is
adjacent to non organic insulating layer dots 55 in four
directions.

[0223] FIG. 33 illustrates a fifth exemplary pattern of an
organic insulating layer according to the fifth embodiment of
the present invention, and FIG. 34 illustrates a sixth exem-
plary pattern of an organic insulating layer according to the
fifth embodiment of the present invention.

[0224] Referring to FIGS. 33 and 34, all dots adjacent to
an organic insulating layer dot 54 in four directions are non
organic insulating layer dots 55. The organic insulator 50 is
provided at the same-directional organic domains among R,
G and B organic domains 51a-51d, 52a-52d and 53a-53d.

[0225] In detail, as shown in FIG. 33, a non organic
insulating layer dot 55 at (N+1, M) is adjacent to the organic
insulating layer dots 54 in four directions. That is, organic
insulating layer dots 54 are disposed at (N+1, N), (N+1,
N+1), (M, M) and (M+1, M). All the first and the second
directional organic domains 51a, 515, 52a, 52b, 53a and 53b
of R, G and B organic insulating layer pixels 51, 52 and 53
of the organic insulating layer dot 54 at (N+1, N) are
provided with the organic insulator 50. In the fifth exem-
plary organic insulating pattern shown in FIG. 33, the
organic insulator 50 is formed such that the numbers of the
first to fourth directional organic domains provided with the
organic insulator 50, which are contained in four dots
forming a square, are the same. That is, in a square K
including four dots at (N, N), (M, N), (N, M) and (M, M),
the third and fourth directional R, G and B organic domains
5lc, 51d, 52¢, 52d, 53¢ and 53d of the organic insulating
layer dot 54 at (N, N) are provided with the organic insulator
50, and the first and second directional R, G and B organic
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domains 51a, 515, 52a, 52b, 53a and 535 of the organic
insulating layer dot 54 at (M, M) are provided with the
organic insulator 50. Accordingly, the numbers of the first to
the fourth directional organic domains provided with the
organic insulator 50, which are contained in four dots, are
the same.

[0226] In the sixth exemplary organic insulating pattern
shown in FIG. 34, the organic insulator 50 is formed such
that the numbers of the first to fourth directional organic
domains provided with the organic insulator 50, which are
contained in eight dots forming a rectangle, are the same.
That is, in a rectangle including eight dots at (N, N), (M, N),
(N, M), (M, M), (N+1, N), (M+1, N}, (N+1, M) and (M+1,
M), the third and fourth directional R, G and B organic
domains Slc¢, 514, 52¢, 52d, 53¢ and 534 of the organic
insulating layer dots 54 at (N, N) and (M, M) are provided
with the organic insulator 50, and the first and second
directional R, G and B organic domains 51a, 515, 52a, 525,
534 and 535 of the organic insulating layer dots 54 at (N+1,
N) and (M+1, M) are provided with the organic insulator 50.
Accordingly, the numbers of the first to the fourth directional
organic domains provided with the organic insulator 50,
which are contained in eight dots, are the same.

[0227] FIG. 35 illustrates a seventh exemplary pattern of
an organic insulating layer according to the fifth embodi-
ment of the present invention, and FIG. 36 illustrates a
eighth exemplary pattern of an organic insulating layer
according to the fifth embodiment of the present invention.

[0228] Referring to FIGS. 35 and 36, all dots adjacent to
an organic insulating layer dot 54 in four directions are non
organic insulating layer dots 55. In an organic insulating
layer dot 54, the organic insulator 50 is provided at two of
four first to fourth directional organic domains of R and B
organic insulating layer pixels 51 and 53 and at the other two
of the four first to fourth directional organic domains of a G
organic insulating layer pixel 52.

[0229] In detail, in the seventh exemplary organic insu-
lating pattern shown in FIG. 35, the organic insulator 50 is
formed such that the numbers of the first to fourth directional
organic domains provided with the organic insulator 50,
which are contained in four dots forming a square, are the
same. That is, in a square K including four dots at (N, N),
(M, N), (N, M) and (M, M), the third and fourth directional
R and B organic domains 51¢, 51d, 53¢ and 534 and the first
and second directional G organic domains 52a and 526 of
the organic insulating layer dot 54 at (N, N) are provided
with the organic insulator 50. In addition, the organic
insulator 50 is also provided at the first and second direc-
tional R and B organic domains 51a, 515, 53a and 535 and
the third and fourth directional G organic domains 52¢ and
52d of the organic insulating layer dot 54 at (M, M) are
provided with the organic insulator 50. Accordingly, the
numbers of the first to the fourth directional organic domains
provided with the organic insulator 50, which are contained
in four dots, are the same.

[0230] In the eight organic insulating pattern shown in
FIG. 36, the organic insulator 50 is formed such that the
numbers of the first to fourth directional organic domains
provided with the organic insulator 50, which are contained
in eight dots forming a rectangle, are the same. That is, in a
rectangle including eight dots at (N, N), (M, N), (N, M), (M,
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M), (N+1, N), (M+1, N), (N+1, M) and (M+1, M), the third
and fourth directional R and B organic domains 51¢, 514,
53¢ and 534 and the first and second directional G organic
domains 52a and 525 of the organic insulating layer dots 54
at (N, N) and (M, M) are provided with the organic insulator
50, and the first and second directional R and B organic
domains 51a, 515, 53a and 536 and the third and fourth
directional G organic domains 52¢ and 52d of the organic
insulating layer dots 54 at (N+1, N) and (M+1, M) are
provided with the organic insulator 50. Accordingly, the
numbers of the first to the fourth directional organic domains
provided with the organic insulator 50, which are contained
in eight dots, are the same.

[0231] 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 common electrode.

[0232] The above-described configurations improve the
lateral visibility of an LCD and widen the viewing angle.

[0233] According to the present invention, an organic
insulator provided on a predetermined area in a pixel area
reduces the field strength therein, and thus a plurality of
regions with different transmittance for a given voltage are
generated. Accordingly, the lateral visibility of an LCD 1is
improved.

[0234] 1In addition, the organic insulator is provided in line
inversion type or dot inversion type such that the area of a
pixel electrode occupied by the organic insulator is mini-
mized, thereby preventing the reduction of brightness due to
the organic insulator.

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

a first insulating substrate;
a pixel electrode formed on the first insulating substrate;

an organic insulating layer formed on a portion of the
pixel electrode:

a second insulating substrate facing the first insulating
substrate with a gap;

a light blocking layer, a color filter and a common
electrode formed on the second insulating substrate;
and

liquid crystals interposed between the first and second
insulating substrates,

wherein when a region on the pixel electrode occupied by
the liquid crystals is classified into a first region with
the organic insulating layer and a second region with-
out the organic insulating layer and a voltage is applied
between the common electrode and the pixel electrode,
electric field formed in the first region is weaker than
that of the second region.
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