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Description
BACKGROUND
FIELD

[0001] Exemplary embodiments of the present inven-
tion relate to a liquid crystal display.

DISCUSSION OF THE BACKGROUND

[0002] A liquid crystal display (LCD) is one of the most
widely used flat panel displays (FPD), and it is composed
oftwo display panels on which field generating electrodes
such as a pixel electrode and a common electrode are
formed, and a liquid crystal layer interposed between the
two display panels. A voltage is applied to the field gen-
erating electrodes to generate an electric field on the lig-
uid crystal layer, and the orientation of liquid crystal mol-
ecules of the liquid crystal layer is determined and the
polarization of incident light is controlled through the gen-
erated electric field to display an image.

[0003] Among these LCDs, a vertical alignment mode
LCD, which arranges major axes of liquid crystal mole-
cules so as to be perpendicular to the display panel in a
state in which an electric field is not applied, has been
developed.

[0004] In the vertically aligned (VA) mode liquid crystal
display, it is important to ensure a light viewing angle,
and for this purpose, a method of forming a cutout, such
as a micro-slit on the field generating electrode, is used.
Cutouts and protrusions determine a tilt direction of liquid
crystal molecules, such that a viewing angle may be in-
creased by appropriately disposing the cutouts and pro-
trusions to disperse the tilt direction of the liquid crystal
molecule in various directions.

[0005] Inthe case of forming a plurality of branch elec-
trodes by forming the minute slits in the pixel electrode,
an aperture ratio of the liquid crystal display is reduced,
and as a result, transmittance is deteriorated.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention and therefore it may
contain information that does not form any part of the
prior art nor what the prior art may suggest to a person
of ordinary skill in the art.

[0007] US2003/193625 discloses a vertically aligned
liquid crystal display comprising a pixel electrode formed
of a central part and branches extending from the central
part. It mentions a step provider formed below the central
part of the pixel electrode and designed to regulate the
alignment of the liquid crystal molecules.

[0008] US2009/002588 discloses a vertically aligned
liquid crystal display having a pixel electrode comprising
a central part formed as a plate and branches extending
from the central part. The alignment of the liquid crystal
molecules is realized with two alignment films.

[0009] US2006/227270 discloses a liquid crystal dis-
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play comprising a step provider arranged below a pixel
electrode and formed by underlying wiring.

SUMMARY

[0010] Exemplary embodiments of the present inven-
tion relate to a liquid crystal display with improved trans-
mittance and aperture ratio, and reduced texture.
[0011] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by prac-
tice of the invention, which is defined in the appended
claims.

[0012] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the principles
of the invention.

FIG. 1 is a layout view of a liquid crystal display ac-
cording to an example not according to the invention.
FIG. 2 is a cross-sectional view taken along the line
[I-1l of FIG. 1.

FIG. 3is aview showing an experimental result using
the example not according to the invention of FIG. 1
and FIG. 2.

FIG. 4 is a layout view of a liquid crystal display ac-
cording to another example not according to the in-
vention.

FIG. 5 is a cross-sectional view taken along the line
V-V of FIG. 4.

FIG.6is a view showing an experimental result using
the example not according to the invention of FIG. 4
and FIG. 5.

FIG. 7 is a layout view of a liquid crystal display ac-
cording to example not according to the invention.
FIG. 8 is a cross-sectional view taken along the line
VII-VIIl of FIG. 7.

FIG.9is aview showing an experimental result using
the example not according to the invention of FIG. 7
and FIG. 8.

FIG. 10 is a layout view of a partial wiring part in a
liquid crystal display according to another example
not according to the invention.

FIG. 11, (b) of FIG. 12, and FIG. 14 are cross-sec-
tional views of a liquid crystal display according to
example not according to the invention, where (a) of
FIG. 12 is a layout view and (c) of FIG. 12 is an
experimental result using the example not according
to the invention, FIG. 13, FIG. 15, and FIG. 16 are
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masks used for manufacturing the liquid crystal dis-
play according to another example not according to
the invention.

FIG. 17 is a layout view of a liquid crystal display
according to another example not according to the
invention.

FIG. 18 is a cross-sectional view taken along the line
XVIII-XVIII of FIG. 17.

FIG. 19 is a view showing an experimental result
using the example not according to the invention of
FIG. 17 and FIG. 18.

FIG. 20, FIG. 21, FIG. 22, FIG. 23, and FIG. 24 are
enlarged views of a pixel electrode of a liquid crystal
display according to another example not according
to the invention.

FIG. 25,FIG. 27, FIG. 29, and FIG. 31 are equivalent
circuit diagrams of a liquid crystal display according
to another example not according to the invention
FIG. 26, FIG. 28, FIG. 30, and FIG. 32 are arrange-
ment views of a liquid crystal display according to
another example not according to the invention.
FIG. 33 is a layout view of a liquid crystal display
according to an exemplary embodiment of the
present invention.

FIG. 34 is a cross-sectional view taken along the line
XXXIV-XXXIV of FIG. 33.

FIG. 35 is an equivalent circuit diagram of one pixel
of the liquid crystal display of FIG. 33.

FIG. 36 is a layout view showing a color filter and a
pixel electrode in the liquid crystal display of FIG. 33.
FIG. 37 and FIG. 38 are views showing an experi-
mental result using an exemplary embodiment of the
present invention.

FIG. 39, FIG. 40, FIG. 41, and FIG. 42 are layout
views of a part separated from another exemplary
embodiment of the present invention.

FIG. 43 is a cross-sectional view of a color filter ac-
cording to another exemplary embodiment of the
present invention.

FIG. 44 is a view of a process of providing a pretilt
to liquid crystal molecules by using a prepolymer that
is polymerized by light such as ultraviolet rays.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0014] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure is thor-
ough, and will fully convey the scope of the invention to
those skilled in the art.

[0015] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like
reference numerals designate like elements throughout
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the specification. It will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "on" or "connected to" another element, it can
be directly on or directly connected to the other element,
or intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" or
"directly connected to" another element, there are no in-
tervening elements present. It will be understood that for
the purposes of this disclosure, "at least one of X, Y, and
Z" can be construed as X only, Y only, Z only, or any
combination of two or more items X, Y, and Z (e.g., XYZ,
XYY, YZ, ZZ}.

[0016] A liquid crystal display according to example
not according to the invention will be described with ref-
erence to FIG. 1 and FIG. 2.

[0017] FIG. 1is a layout view ofa liquid crystal display
according to an example not according to the invention,
and FIG. 2 is a cross-sectional view taken along the line
-1l of FIG. 1.

[0018] Referring to FIG. 1 and FIG. 2, a liquid crystal
display according to the present example not according
to the invention includes a lower panel 100 and an upper
panel 200 facing each other, a liquid crystal layer 3 dis-
posed between the two display panels 100 and 200, and
a pair of polarizers (not shown) attached at the outer sur-
faces of the display panels 100 and 200.

[0019] The lower panel 100 will be described below.
[0020] A gate line 121 and a storage voltage line 131
are formed on an insulation substrate 110. The gate line
121 includes a first gate electrode 124a, a second gate
electrode 124b, and a third gate electrode 124c. The stor-
age voltage line 131 includes storage electrodes 135a,
135b, and 135c, and a capacitor electrode 134 extending
downward. The storage voltage line 131 includes two
first longitudinal storage electrode parts 135a extending
upward, a transverse storage electrode part 135b con-
necting the two first longitudinal storage electrode parts
135a, and two second longitudinal storage electrode
parts 135c further extending upward from the transverse
storage electrode part 135b.

[0021] The first longitudinal storage electrode part
135a is formed along a longitudinal edge of a first sub-
pixel electrode 191h formed thereon, and the second lon-
gitudinal storage electrode part 135c is formed along a
longitudinal edge of a second sub-pixel electrode 1911
formed thereon. The transverse storage electrode part
135bis positioned between a transverse edge of the pre-
vious second sub-pixel electrode 191land the transverse
edge of the current first sub-pixel electrode 191h, and is
formed along the two transverse edges.

[0022] As a result, the first longitudinal storage elec-
trode part 135a and the transverse storage electrode part
135b are formed along the edge of the first sub-pixel elec-
trode 191h, thereby at least partially overlapping the first
pixel sub-electrode 191h, and the second longitudinal
storage electrode part 135¢ and the transverse storage
electrode part 135b are formed along the edge of the
second sub-pixel electrode 1911, thereby at least partially
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overlapping the second sub-pixel electrode 191I.
[0023] InFIG. 1, the overlying transverse storage elec-
trode part 135b and the underlying transverse storage
electrode part 135b appear to be separated from each
other, but in actuality, transverse storage electrode parts
135b of the pixels PX that are adjacent up and down are
electrically connected to each other.

[0024] Agateinsulatinglayer 140 is formed on the gate
line 121 and the storage voltage line 131. A first semi-
conductor 154a, a second semiconductor 154b, and a
third semiconductor 154c are formed on the gate insu-
lating layer 140.

[0025] A plurality of ohmic contacts (not shown) are
formed on the first semiconductor 154a, the second sem-
iconductor 154b, and the third semiconductor 154c.
[0026] Data conductors 171, 173c, 175a, 175b, and
175c including a plurality of data lines 171 which include
a first source electrode 173a and a second source elec-
trode 173b, a first drain electrode 175a, a second drain
electrode 175b, a third source electrode 173c, and a third
drain electrode 175c, are formed on the semiconductors
(thefirst semiconductor 154a, the second semiconductor
154b, and the third semiconductor 154c), the ohmic con-
tacts (not shown), and the gate insulating layer 140.
[0027] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
a first thin film transistor Qa together with the first semi-
conductor 154a, and a channel of the first thin film tran-
sistor Qa is formed in the semiconductor 154a between
the first source electrode 173a and the first drain elec-
trode 175a. Similarly, the second gate electrode 124b,
the second source electrode 173b, and the second drain
electrode 175b form a second thin film transistor Qb to-
gether with the second semiconductor 154b, a channel
of the second thin film transistor Qb is formed in the sem-
iconductor portion 154b between the second source elec-
trode 173b and the second drain electrode 175b, the third
gate electrode 124c, the third source electrode 173c, and
the third drain electrode 175c¢ form a third thin film tran-
sistor Qc together with the third semiconductor 154c¢, and
a channel of the third thin film transistor Qc is formed in
the semiconductor 154¢ between the third source elec-
trode 173c and the third drain electrode 175c.

[0028] A color filter 230 and a passivation layer 180
are sequentially formed on the gate insulating layer 140,
the data conductors 171, 173c, 175a, 175b, and 175c,
and exposed portions of the semiconductors 154a, 154b,
and 154c. The color filter 230 may display one of three
primary colors such, as red, green, and blue, but it is not
limited to display of a primary color and may also display
one of cyan, magenta, yellow, and white-based colors.
Meanwhile, the passivation layer 180 may be formed of
an ininsulator, such as silicon nitride and silicon oxide,
or an insulator, and in the example of FIG. 1, the organic
insulating layer including the insulator is described.
[0029] A step provider providing a step to an overlying
layer is formed in the passivation layer 180 of the insu-
lator, and in FIG. 1, step providing grooves 185h and 185l
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and a cross-shaped protrusion 182 positioned between
the step providing grooves 185h and 185l function as the
step provider. As shown in FIG. 1, the step providing
grooves 185h and 185l have aright triangle structure and
are symmetrical to each other in a diagonal direction. As
a result, the passivation layer 180 includes the cross-
shaped protrusion 182.

[0030] The color filter 230 and the passivation layer
180 include a first contact hole 184a, a second contact
hole 184b, and a third contact hole 184c respectively
exposing the first drain electrode 175a, the second drain
electrode 175b, and the third drain electrode 175c. The
passivation layer 180 includes an opening 189 collecting
a gas emitted from the color filter 230. According to FIG.
1, one pixel may include a pair of openings 189.

[0031] A pixel electrode 191 including the first subpixel
electrode 191h and the second subpixel electrode 191l
is formed on the passivation layer 180. The first subpixel
electrode 191h and the second subpixel electrode 191l
respectively include partial plate electrodes 192h and
192l positioned at a center thereof, and a plurality of
minute branch electrodes 193h and 193I protruding from
the partial plate electrodes 192h and 192l in an oblique
direction.

[0032] The first subpixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h positioned in the square
region, and is connected to a wide end portion of the first
drain electrode 175a by a first minute branch connection
194h extending outside the square region.

[0033] The first partial plate electrode 192h has a
rhombus shape, a center thereof is positioned at a center
of the square region, and each vertex of the rhombus
meets the boundary of the square region. The first partial
plate electrode 192h covers the first step providing
groove 185h of the passivation layer 180 and a first cross-
shaped protrusion 182h. As a result, the first partial plate
electrode 192h has a step provided by the first step pro-
viding groove 185h of the passivation layer 180 and the
first cross-shaped protrusion 182h. Here, the first cross-
shaped protrusion 182h provides a pretilt to liquid crystal
molecules positioned at the center of the square region
thereby functioning to control an arrangement direction
of the liquid crystal molecules, and as aresult, the texture
is reduced.

[0034] A plurality of first minute branch electrodes 193h
are extended at an edge of the oblique direction of the
first partial plate electrode 192h. The plurality of first
minute branch electrode 193h fill the rest of the square
region, form an angle of 45 degrees with respect to the
gate line 121 or the data line 171, and form an angle of
90 degrees with respect to the edge of the oblique direc-
tion of the first partial plate electrode 192h.

[0035] Inthe example showninFIG. 1, the first subpixel
electrode 191h includes a first minute branch connection
194h connecting the first partial plate electrode 192h and
the ends of a plurality of first minute branch electrodes
193h in a longitudinal direction or a horizontal direction.
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The first minute branch connection 194h overlaps the
first subpixel electrode 191h and the underlying storage
electrode 135a and 135b, thereby forming a storage ca-
pacitance. However, the first minute branch connection
194h may be omitted, and in this case, a plurality of first
minute branch electrodes 193h protrude to the outside.
[0036] The second subpixel electrode 191l includes
the second partial plate electrode 192| and a plurality of
second minute branch electrodes 193l formed in the rec-
tangle region having a longitudinal edge, and is connect-
ed to the wide end portion of the second drain electrode
1751 by a second minute branch connection 194l extend-
ed outside the rectangle region.

[0037] The center of the second partial plate electrode
192l is positioned at the center of the rectangle region
and has the rhombus shape connecting the center of
each edge of the rectangle region. As a result, each ver-
tex of the rhombus meets the boundary of the rectangle
region, and the second partial plate electrode 192 has
a greater width in the vertical direction than the horizontal
direction. The second partial plate electrode 192l covers
the second step providing groove 185l of the passivation
layer 180 and a second cross-shaped protrusion 182I.
As a result, the second partial plate electrode 192| has
the step provided by the second step providing groove
185l of the passivation layer 180 and the second cross-
shaped protrusion 182l of the cross type. A plurality of
second minute branch electrodes 193l extend from the
edge of the oblique direction of the second partial plate
electrode 192I. The plurality of second minute branch
electrodes 193l fill the rest of the rectangle region, form
an angle of 45 degrees with respect to the gate line 121
orthe data line 171, and form an angle of 9015 degrees
with respect to the edge of the oblique direction of the
second partial plate electrode 192I.

[0038] Meanwhile, the second subpixel electrode 1911
includes the second minute branch connection 194l con-
necting the second partial plate electrode 1921 and the
ends of a plurality of second minute branch electrode
193l in a longitudinal direction or a horizontal direction.
The second minute branch connection 1941 overlaps the
second subpixel electrode 1911 and the underlying stor-
age electrode 135b and 135c, thereby forming a storage
capacitance. However the second minute branch con-
nection 194l may be omitted, and in this case, a plurality
of second minute branch electrodes 193l protrude out-
side.

[0039] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l are physically and electrically
connected to the first drain electrode 175a and the sec-
ond drain electrode 175b through the contact holes 184a
and 184b, thereby receiving data voltages from the first
drain electrode 175a and the second drain electrode
175b. At this time, the portion of the data voltage applied
to the second drain electrode 175b is divided through the
third source electrode 173c, such that a magnitude of the
voltage applied to the second subpixel electrode 191l is
less than the magnitude of the voltage applied to the first

10

15

20

25

30

35

40

45

50

55

subpixel electrode 191h. Here, an area of the second
subpixel electrode 1911 may be approximately one to two
times less than that of the first subpixel electrode 191h.
[0040] A storage electrode connecting member 139
connects the capacitor electrode 134 of the storage volt-
age line 131 and the third drain electrode 175c through
the contacthole 184c. The storage voltage Vcstis applied
to the capacitor electrode 134 of the storage voltage line
131 to have a predetermined voltage, thereby apply the
storage voltage Vcst to the third thin film transistor Qc
through the third drain electrode 175c. As a result, the
voltage applied to the second sub-pixel may be de-
creased.

[0041] A cover 199 covering the opening 189 of the
passivation layer 180 is formed on the opening 189. The
cover199isformed to block transmission of a gas emitted
from the color filter 230 to other elements, and according
to FIG. 1, one pixel may include a pair of covers 199. The
pixel electrode 191 and the cover 199 may be made of
a transparent conductive material such as ITO or 1ZO.
Accordingly the opening 189 and the cover 199 may be
omitted.

[0042] A lower alignment layer (not shown) is formed
on the pixel electrodes 191. The lower alignment layer
may be a vertical alignment layer and may be the align-
ment layer including a photo-reactive material. The pho-
to-reactive material will be described with reference to
FIG. 44.

[0043] The common electrode panel 200 will be de-
scribed below.

[0044] A light blocking member 220 is formed on an
insulation substrate 210. The light blocking member 220
is referred to as black matrix and prevents light leakage.
The light blocking member 220 extends along the gate
line 121, covers aregion where the first thin film transistor
(Qh), the second thin film transistor (Ql), and the third
thin film transistor (Qc) are positioned, is extended along
the data line 171, and covers the surroundings of the
data line 171. A region that is not covered by the light
blocking member 220 emits light to the outside, thereby
displaying the images.

[0045] A planarization layer 250 providing a planar low-
er surface and made of organic material is formed under
the light blocking member 220.

[0046] A common electrode 270 made of the transpar-
ent conductive material is formed under the planarization
layer 250.

[0047] An upper alignment layer (not shown) may be
formed under the common electrode 270. The upper
alignment layer may be a vertical alignment layer and
may be an alignment layer in which a photo-polymer ma-
terial is photo-aligned.

[0048] Polarizers (not shown) are formed on the outer
surface of the display panels 100 and 200, the polariza-
tion axis of the two polarizers are crossed, and one po-
larization axis thereof may be parallel to the gate lines
121. The polarizer may be disposed on one outer surface
among the two display panels 100 and 200.
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[0049] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l to which the data voltage is
applied generate an electric field in conjunction with the
common electrode 270 of the common electrode panel
200 such that the liquid crystal molecules of the liquid
crystal layer 3 that are aligned vertically to the surface of
two electrodes 191 and 270 in the absence of the electric
field are slanted in a direction parallel to the surface of
the two electrodes 191 and 270, and thereby the lumi-
nance of the light transmitted through the liquid crystal
layer 3 differs depending on the slant degree of the liquid
crystal molecules.

[0050] The liquid crystal display may further include a
spacer (not shown) to maintain a cell interval between
the two display panels 100 and 200, and the spacer may
be attached to either the upper panel 200 or the lower
panel 100.

[0051] The liquid crystal layer 3 disposed between the
lower panel 100 and the upper panel 200 includes the
liquid crystal molecules 31 having negative dielectric an-
isotropy.

[0052] The liquid crystal layer 3 or the alignment layer
(not shown) may further include a polymer that is polym-
erized by light, such as ultraviolet rays. The polymer in-
cluded in the liquid crystal layer 3 provides the pretilt to
the liquid crystal layer 3, and a method of providing the
pretilt angle will be described in detail in FIG. 44. That is,
the liquid crystal layer 3 may not include the polymer
when the arrangement direction is sufficiently controlled
without the polymer providing the pretilt angle.

[0053] As described above, in FIG. 1 and FIG. 2, the
step provider is formed in the passivation layer 180 of
the insulator and includes the step providing grooves
185h and 185l and the cross-shaped protrusions 182h
and 182l positioned between the step providing grooves
185h and 185I.

[0054] However, the texture is reduced the most ac-
cording to the provided step (referring to d of FIG. 2),
thereby increasing the transmittance, with reference to
FIG. 3.

[0055] FIG. 3is a view showing an experimental result
using the example of FIG. 1 and FIG. 2.

[0056] In FIG. 3, "Passi" means the passivation layer
180 of the insulator, and the two upper pictures in FIG.
3 are a case where the passivation layer 180 of the in-
sulator is formed with a thickness of 1000 A, while the
two lower pictures in FIG. 3 are a case where the passi-
vation layer 180 of the insulator is formed with a thickness
of 4000 A.

[0057] In FIG. 3, when providing the step via the step
providing groove and the cross-shaped protrusion, as in
the example of FIG. 1 and FIG. 2, the texture may be not
controlled and the transmittance is cecreased when a
step of 1000 A is provided, but the texture may be con-
trolled and the transmittance is increased when a step
of 4000 A is provided. When providing the step via the
step providing groove and the cross-shaped protrusion,
as in the example of FIG. 1 and FIG. 2, it may be con-
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firmed that the control force of the liquid crystal molecules
is reinforced when the step is large such that the texture
is decreased, and the texture is decreased when the step
is more than 3000 A such that the transmittance is greater
than a predetermined degree.

[0058] InFIG. 1 and FIG. 2, the passivation layer 180
of the insulator includes the step providing groove and
the cross-shaped protrusion. However, the step provid-
ing groove and the cross-shaped protrusion may be
formed in the color filter 230. The passivation layer 180
on the color filter 230 may be formed of an inorganic
insulating material or may be omitted. Although the step
provider is formed by using the step providing groove
and the cross-shaped protrusion of the color filter 230,
as shown in FIG. 3, a step of more than 3000 A must be
provided to reduce the texture.

[0059] Next, another example not according to the
presentinvention will be described with reference to FIG.
4 to FIG. 6.

[0060] FIG. 4is alayout view of a liquid crystal display
according to another example, and FIG. 5 is a cross-
sectional view taken along the line V-V of FIG. 4.
[0061] The example of FIG. 4 and FIG. 5 is a case of
forming cross-shaped grooves 182-1h and 182-11 as the
step provider, which differs from the example of FIG. 1
and FIG. 2.

[0062] Referringto FIG. 4 and FIG. 5, the liquid crystal
display includes the lower panel 100 and the upper panel
200 facing each other, a liquid crystal layer 3 disposed
between the two display panels 100 and 200, and a pair
of polarizers (not shown) attached at the outer surfaces
of the display panels 100 and 200. The upper panel 200
of the exemplary embodiment of FIG. 4 and FIG. 5 is the
same as thatof FIG. 1 and FIG. 2 such that the description
thereof is omitted.

[0063] The lower panel 100 will be described, and the
layered structure from the insulation substrate 110 to the
color filter 230 in the lower panel 100 is the same as the
exemplary embodiment of FIG. 1 and FIG. 2.

[0064] The gate line 121 and the storage voltage line
131 are formed on the insulation substrate 110. The gate
line 121 includes a first gate electrode 124a, a second
gate electrode 124b, and a third gate electrode 124c.
The storage voltage line 131 includes storage electrodes
135a, 135b, and 135c, and a capacitor electrode 134
extending downward. The storage voltage line 131 in-
cludes two first longitudinal storage electrode parts 135a
extending upward, a transverse storage electrode part
135b connecting two first longitudinal storage electrode
parts 135a, and two second longitudinal storage elec-
trode parts 135c¢ further extending upward from the trans-
verse storage electrode part 135b.

[0065] The first longitudinal storage electrode part
135a is formed along a longitudinal edge of the first sub-
pixel electrode 191h formed thereon, and the second lon-
gitudinal storage electrode part 135c is formed along the
longitudinal edge of the second sub-pixel electrode 1911
formed thereon. Meanwhile, the transverse storage elec-
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trode part 135b is positioned between a transverse edge
of the previous second sub-pixel electrode 191l and the
transverse edge of the current first sub-pixel electrode
191h, and is formed along the two transverse edges.
[0066] As a result, the first longitudinal storage elec-
trode part 135a and the transverse storage electrode part
135b are formed along the edge of the first sub-pixel elec-
trode 191h, thereby at least partially overlapping the first
sub-pixel electrode 191h, and the second longitudinal
storage electrode part 135c and the transverse storage
electrode part 135b are formed along the edge of the
second sub-pixel electrode 1911, thereby at least partially
overlapping the second sub-pixel electrode 1911.
[0067] InFIG.4,the overlying transverse storage elec-
trode part 135b and the underlying transverse storage
electrode part 135b appear to be separated from each
other, but in actuality, the transverse storage electrode
parts 135b of the pixels PX that are adjacentup and down
are electrically connected to each other.

[0068] The gate insulating layer 140 is formed on the
gate line 121 and the storage voltage line 131. The first
semiconductor 154a, the second semiconductor 154b,
and the third semiconductor 154c¢ are formed on the gate
insulating layer 140.

[0069] A plurality of ohmic contacts (not shown) may
be formed on the first semiconductor 154a, the second
semiconductor 154b, and the third semiconductor 154c.
[0070] Data conductors 171, 173c, 175a, 175b, and
175c including a plurality of data lines 171 which include
the first source electrode 173a and the second source
electrode 173D, the first drain electrode 175a, the second
drain electrode 175b, the third source electrode 173c,
and the third drain electrode 175c, are formed on the
semiconductor (the first semiconductor 154a, the second
semiconductor 154b, and the third semiconductor 154c),
the ohmic contacts (not shown), and the gate insulating
layer 140.

[0071] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
a first thin film transistor Qa together with the first semi-
conductor 154a, and a channel of the first thin film tran-
sistor Qa is formed in the semiconductor portion 154a
between the first source electrode 173aand the firstdrain
electrode 175a. Similarly, the second gate electrode
124b, the second source electrode 173b, and the second
drain electrode 175b form a second thin film transistor
Qb together with the second semiconductor 154b, a
channel of the second thin film transistor Qb is formed in
the semiconductor portion 154b between the second
source electrode 173b and the second drain electrode
175b, the third gate electrode 124c, the third source elec-
trode 173c, and the third drain electrode 175c form a third
thin film transistor Qc together with the third semiconduc-
tor 154¢, and a channel of the third thin film transistor Qc
is formed in the semiconductor portion 154c between the
third source electrode 173c and the third drain electrode
175c.

[0072] The color filter 230 and the passivation layer
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180 are sequentially formed on the gate insulating layer
140, the data conductors 171, 173c, 175a, 175b, and
175c, and the exposed portion of the semiconductors
154a, 154b, and 154c. The color filter 230 may display
one of three primary colors such as red, green, and blue,
but it is not limited to display of a primary color and may
also display and may display one of cyan, magenta, yel-
low, and white-based colors. Meanwhile, the passivation
layer 180 may be formed of an insulator such as silicon
nitride and silicon oxide, or an insulator, and in the ex-
ample of FIG. 1, the organic insulating layer including the
insulator is described.

[0073] The step provider providing the step to the over-
lying layer is formed in the passivation layer 180 of the
insulator, and in FIG. 4, the cross-shaped grooves 182-
Ih and 182-11 are the only step provider. The cross-
shaped grooves 182-1h and 182-1l are formed with a
predetermined depth d while having the cross shape, as
shown in FIG. 4 and FIG. 5. In FIG. 5, the cross-shaped
grooves 182-1h and 182-11 of the step provider are
formed by entirely etching the passivation layer 180 of
the insulator such that the color filter 230 is formed di-
rectly underthe cross-shaped grooves 182-1hand 182-11
without the passivation layer 180, although the passiva-
tion layer 180 may have a predetermined thickness.
[0074] The color filter 230 and the passivation layer
180 include the first contact hole 184a, the second con-
tact hole 184b, and the third contact hole 184c respec-
tively exposing the first drain electrode 175a, the second
drain electrode 175b, and the third drain electrode 175c.
[0075] The pixel electrode 191, including the first sub-
pixel electrode 191h and the second subpixel electrode
1911, is formed on the passivation layer 180. The first
subpixel electrode 191h and the second subpixel elec-
trode 1911 respectively include partial plate electrodes
192h and 192l positioned at a center thereof, and a plu-
rality of minute branch electrodes 193h and 193I protrud-
ing from the partial plate electrode 192h and 192l in an
oblique direction.

[0076] The first subpixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h positioned in the square
region, and is connected to a wide end portion of the first
drain electrode 175a by the first minute branch connec-
tion 194h extending outside the square region.

[0077] The first partial plate electrode 192h has a
rhombus shape, a center thereof is positioned at a center
of the square region, and each vertex of the rhombus
meets the boundary of the square region. Also, the first
partial plate electrode 192h covers the first cross-shaped
groove 182-1h of the passivation layer 180. As a result,
the first partial plate electrode 192h has the step provided
by the first cross-shaped groove 182-1h of the passiva-
tion layer 180, asillustrated in FIG. 5. Here, the first cross-
shaped groove 182-1h provides the pretilt to the liquid
crystal molecules positioned at the center of the square
region, thereby controlling the arrangement direction of
the liquid crystal molecules and, as a result, the reducing
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the texture.

[0078] Aplurality of first minute branch electrodes 193h
extend to an edge of the oblique direction of the first par-
tial plate electrode 192h. A plurality of first minute branch
electrodes 193h fill the rest of the square region, form an
angle of 45 degrees with respect to the gate line 121 or
the data line 171, and form an angle of 90 degrees with
respect to the edge of the oblique direction of the first
partial plate electrode 192h.

[0079] Meanwhile,in FIG. 4, the first subpixel electrode
191h includes the first minute branch connection 194h
connecting the first partial plate electrode 192h and the
ends of a plurality of first minute branch electrodes 193h
in a longitudinal direction or a horizontal direction. The
first minute branch connection 194h overlaps the first
subpixel electrode 191h and the underlying storage elec-
trode 135a and 135b, thereby forming the storage ca-
pacitance. However, the first minute branch connection
194h may be omitted, and in this case, a plurality of first
minute branch electrodes 193h protrude to the outside.
[0080] On the other hand, the second subpixel elec-
trode 191l includes the second partial plate electrode
1921 and a plurality of second minute branch electrodes
193l formed in the rectangle region having a longitudinal
edge, and is connected to the wide end portion of the
second drain electrode 1751 by the second minute branch
connection 1941 extending outside the rectangle region.
[0081] The center of the second partial plate electrode
192l is positioned at the center of the rectangle region,
and has a rhombus shape connecting the center of each
edge of the rectangle region. As a result, each vertex of
the rhombus meets the boundary of the rectangle region.
In addition, the second partial plate electrode 192l covers
the second cross-shaped groove 182-1l of the passiva-
tion layer 180. As a result, the second partial plate elec-
trode 192l has the step provided by the second cross-
shaped groove 182-1I of the passivation layer 180,as il-
lustrated in FIG. 5.

[0082] A plurality of second minute branch electrodes
193l extend from the edge of the oblique direction of the
second partial plate electrode 192I. The plurality of sec-
ond minute branch electrodes 193l fills the rest of the
rectangle region, form an angle of 45 degrees with re-
spect to the gate line 121 or the data line 171, and form
an angle of 90+ 15 degrees with respect to the edge of
the oblique direction of the second partial plate electrode
192l.

[0083] In FIG. 4, the second subpixel electrode 191l
includes the second minute branch connection 194l con-
necting the second partial plate electrode 1921 and the
ends of a plurality of second minute branch electrodes
193l in a longitudinal direction or a horizontal direction.
The second minute branch connection 1941 overlaps the
second subpixel electrode 1911 and the underlying stor-
age electrodes 135b and 135c, thereby forming the stor-
age capacitance. However, the second minute branch
connection 1941 may be omitted, and in this case, a plu-
rality of second minute branch electrodes 193l protrude
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to the outside.

[0084] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l are physically and electrically
connected to the first drain electrode 175a and the sec-
ond drain electrode 175b through the contact holes 184a
and 184b, thereby receiving data voltages from the first
drain electrode 175a and the second drain electrode
175b. At this time, the portion of the data voltage applied
to the second drain electrode 175b is divided through the
third source electrode 173c such that a magnitude of the
voltage applied to the second subpixel electrode 191l is
less than the magnitude of the voltage applied to the first
subpixel electrode 191h. Here, an area of the second
subpixel electrode 1911 may be approximately one to two
times less than that of the first subpixel electrode 191h.
[0085] A lower alignment layer (not shown) is formed
on the pixel electrodes 191. The lower alignment layer
may be a vertical alignment layer, and may be an align-
ment layer including a photo-reactive material. The pho-
to-reactive material will be described with reference to
FIG. 44.

[0086] As described above, in FIG. 4 and FIG. 5, the
step provider is formed in the passivation layer 180 of
the insulator and is made of the cross-shaped grooves
182-1 hand 182-11.

[0087] However,thetexture is mostreduced according
to the provided step (referring to d of FIG. 5), thereby
increasing the transmittance with reference to FIG. 6.
[0088] FIG. 6 is a view showing an experimental result
using the exemplary embodiment of FIG. 4 and FIG. 5.
[0089] InFIG. 6, "passi" refers to the passivation layer
180 of the insulator, and "Nega" refers to the cross-
shaped groove formed as the step provider. As shown
in FIG. 6, as the depth of the cross-shaped groove is
increased, the control force controlling the liquid crystal
molecules becomes weaker such thatthe texture is large-
ly generated. Therefore, if the depth of the cross-shaped
groove is small when forming the cross-shaped groove
as the step provider, the texture is decreased and the
depth of 3000 A is preferable.

[0090] In fig. 4 and fig. 5 although the cross-shaped
groove as the step provider is formed in the passivation
layer 180 of the insulator, an exemplary embodiment
forming the cross-shaped groove in the color filter 230 is
possible. The passivation layer 180 on the color filter 230
may be formed of an inorganic insulating material or may
be omitted. Although the cross-shaped groove as the
step provider is formed in the color filter 230, as shown
in FIG. 6, a step of less than 3000 A must be provided
to reduce the texture. The cross-shaped groove must
have a minimum depth, and a depth of more than 100 A
is preferable.

[0091] Next, another example will be described with
reference to FIG. 7 to FIG. 9.

[0092] FIG. 7 is alayout view of a liquid crystal display
according to another example, and FIG. 8 is a cross-
sectional view taken along the line VIII-VIII of FIG. 7.
[0093] InFIG. 7 and FIG. 8, as opposed to the exem-
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plary embodiments of FIG. 1, FIG. 2, FIG. 4, and FIG. 5,
step providing wiring is formed with the same layer as
the gate line as the step provider, and thereby the step
is generated in the overlying insulating layer/passivation
layer as a result of the thickness of the step providing
wiring.

[0094] InFIG. 7 and FIG. 8, as opposed to the exem-
plary embodiments of FIG. 1, FIG. 2, FIG. 4, and FIG. 5,
the color filter 230 is not formed in the lower panel 100,
but is formed in the upper panel 200. The color filter 230
may be formed in the lower panel 100, although the color
filter 230 may be formed lower (a side of the substrate)
than the wiring providing the step. This is because the
step provided by the step providing wiring may not be
generated at the position of the pixel electrode because
of the planarization characteristic of the color filter 230
when forming the color filter 230 on the wiring such as
the gate line. Also, forming the insulating layer/passiva-
tion layer including the inorganic material on the wiring,
such as the gate line, as compared with the passivation
layer/insulating layer including the organic material, may
transmit the step provided by the step providing wiring
to the position where the pixel electrode is formed as it
is. As a result, in FIG. 7 and FIG. 8, the gate insulating
layer 140 and the passivation layer 180 are formed of
the inorganic material.

[0095] Referringto FIG. 7 and FIG. 8, the liquid crystal
display includes the lower panel 100 and the upper panel
200 facing each other, a liquid crystal layer 3 interposed
between the two display panels 100 and 200, and a pair
of polarizers (not shown) attached at the outer surfaces
of the display panels 100 and 200.

[0096] First, the lower panel 100 will be described.
[0097] The gate line 121, the storage voltage line 131,
and the step providing wires 132h and 132| are formed
on the insulation substrate 110. The gate line 121 in-
cludes a first gate electrode 124a, a second gate elec-
trode 124b, and a third gate electrode 124c. The storage
voltage line 131 includes storage electrodes 135a, 135b,
and 135c, and a capacitor electrode 134 extending down-
ward. The storage voltage line 131 includes two first lon-
gitudinal storage electrode parts 135a extending upward,
a transverse storage electrode part 135b connecting two
first longitudinal storage electrode parts 135a, and two
second longitudinal storage electrode parts 135c further
extending upward from the transverse storage electrode
part 135b. The first longitudinal storage electrode part
135a is formed along a longitudinal edge of the first sub-
pixel electrode 191h formed thereon, and the second lon-
gitudinal storage electrode part 135¢ is formed along the
longitudinal edge of the second sub-pixel electrode 1911
formed thereon. Meanwhile, the transverse storage elec-
trode part 135b is positioned between a transverse edge
of the previous second sub-pixel electrode 191l and the
transverse edge of the current first sub-pixel electrode
191h, and is formed along the two transverse edges. As
a result, the first longitudinal storage electrode part 135a
and the transverse storage electrode part 135b are
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formed along the edge of the first sub-pixel electrode
191h, thereby at least partially overlapping the first sub-
pixel electrode 191h, and the second longitudinal storage
electrode part 135c¢ and the transverse storage electrode
part 135b are formed along the edge of the second sub-
pixel electrode 1911, thereby at least partially overlapping
the second sub-pixel electrode 191l. In FIG. 1, the over-
lying transverse storage electrode part 135b and the un-
derlying transverse storage electrode part 135b appear
to be separated from each other, but in actuality, the
transverse storage electrode part 135b of the pixels PX
that are adjacent up and down are electrically connected
to each other.

[0098] The step providing wires 132h and 132 are
formed with the same layer and the same material as the
gate line 121 and the storage voltage line 131 in of FIG.
7, and are electrically connected to the storage elec-
trodes 135a, 135b, and 135c of the storage voltage line
131. Thatis, the first step providing wire 132h has a cross
shape, and four ends are respectively connected to the
first longitudinal storage electrode part 135a, the trans-
verse storage electrode part 135b, and the storage volt-
age line 131. Meanwhile, the second step providing wire
132l has a cross shape, and three of four ends are re-
spectively connected to the second longitudinal storage
electrode part 135c¢ and the transverse storage electrode
part 135b, and the remaining end is not connected.
[0099] The step providing wires 132h and 132l have a
predetermined thickness to provide the step to the over-
lying insulating layer/passivation layer, as will be de-
scribed with reference to FIG. 9.

[0100] The gate insulating layer 140 made of the inor-
ganic insulating material is formed on the gate line 121,
the storage voltage line 131, and the step providing wires
132h and 132I. The first semiconductor 154a, the second
semiconductor 154b, and the third semiconductor 154c
are formed on the gate insulating layer 140.

[0101] The plurality of ohmic contacts (not shown) are
formed on the first semiconductor 154a, the second sem-
iconductor 154b, and the third semiconductor 154c.
[0102] Data conductors 171, 173c, 175a, 175b, and
175c including a plurality of data lines 171 which include
the first source electrode 173a and the second source
electrode 173b, the firstdrain electrode 175a, the second
drain electrode 175b, the third source electrode 173c,
and the third drain electrode 175c, are formed on the
semiconductor (the first semiconductor 15443, the second
semiconductor 154b, and the third semiconductor 154c),
the ohmic contacts (not shown), and the gate insulating
layer 140.

[0103] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
a first thin film transistor Qa together with the first semi-
conductor 154a, and a channel of the first thin film tran-
sistor Qa is formed in the semiconductor portion 154a
between the first source electrode 173a and thefirst drain
electrode 175a. Similarly, the second gate electrode
124b, the second source electrode 173b, and the second
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drain electrode 175b form a second thin film transistor
Qb together with the second semiconductor 154b, a
channel of the second thin film transistor Qb is formed in
the semiconductor portion 154b between the second
source electrode 173b and the second drain electrode
175b, the third gate electrode 124c, the third source elec-
trode 173c, and the third drain electrode 175c form a third
thin film transistor Qc together with the third semiconduc-
tor 154¢, and a channel of the third thin film transistor Qc
is formed in the semiconductor portion 154c between the
third source electrode 173c and the third drain electrode
175c.

[0104] The passivation layer 180 is formed on the gate
insulating layer 140, the data conductors 171, 173c,
175a, 175b, and 175c, and the exposed portion of the
semiconductors 154a, 154b, and 154c. The passivation
layer 180 is formed of the ininsulator, such as silicon ni-
tride and silicon oxide, thereby maintaining the step pro-
vided by the step providing wires 132h and 132l without
planarization. As a result, the cross-shaped step corre-
sponding to the shape of the step providing wires 132h
and 132lisformed on the passivation layer 180, and here-
after, a portion where the step is formed on the passiva-
tion layer 180 is referred to as "a wiring providing step
part".

[0105] The passivation layer 180 of the inorganic insu-
lating layer includes the first contact hole 184a, the sec-
ond contact hole 184b, and the third contact hole 184c
respectively exposing the first drain electrode 175a, the
second drain electrode 175b, and the third drain elec-
trode 175c.

[0106] The pixel electrode 191, including the first sub-
pixel electrode 191h and the second subpixel electrode
1911, is formed on the passivation layer 180. The first
subpixel electrode 191h and the second subpixel elec-
trode 191l respectively include partial plate electrodes
192h and 192l positioned at a center thereof, and a plu-
rality of minute branch electrodes 193h and 193I protrud-
ing from the partial plate electrode 192h and 192l in an
oblique direction.

[0107] The first subpixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h positioned in the square
region, and is connected to a wide end portion of the first
drain electrode 175a by the first minute branch connec-
tion 194h extending outside the square region.

[0108] The first partial plate electrode 192h has a
rhombus shape, a center thereof being positioned at a
center of the square region, and each vertex of the rhom-
bus meets the boundary of the square region. The first
partial plate electrode 192h covers the first wiring provid-
ing step part generated in the passivation layer 180 by
the first step providing wire 132h. As a result, the first
partial plate electrode 192h has the step provided by the
first wiring providing step part of the passivation layer
180. Referring to FIG. 8, the first wiring providing step
part provides the pretilt to the liquid crystal molecules
positioned at the center of the square region, thereby
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controlling the arrangement direction of the liquid crystal
molecules, and as a result, reducing the texture.

[0109] A plurality of first minute branch electrodes 193h
extend in an edge of the oblique direction of the first partial
plate electrode 192h. The plurality of first minute branch
electrodes 193h fill the rest of the square region, form an
angle of 45 degrees with respect to the gate line 121 or
the data line 171, and form an angle of 90 degrees with
respect to the edge of the oblique direction of the first
partial plate electrode 192h.

[0110] Meanwhile,inFIG.7,thefirstsubpixel electrode
191h includes the first minute branch connection 194h
connecting the first partial plate electrode 192h and the
ends of a plurality of the first minute branch electrodes
193h in a longitudinal direction or a horizontal direction.
The first minute branch connection 194h overlaps the
first subpixel electrode 191h and the underlying storage
electrodes 135a and 135b, thereby forming a storage
capacitance. However, the first minute branch connec-
tion 194h may be omitted, and in this case, a plurality of
first minute branch electrodes 193h protrude to the out-
side.

[0111] The second subpixel electrode 191l includes
the second partial plate electrode 192l and a plurality of
second minute branch electrodes 193l formed in the rec-
tangle region having a longitudinal edge, and is connect-
ed to the wide end portion of the second drain electrode
175l by the second minute branch connection 194| ex-
tending outside the rectangle region.

[0112] The center of the second partial plate electrode
192l is positioned at the center of the rectangle region,
and has a rhombus shape connecting the center of each
edge of the rectangle region. As a result, each vertex of
the rhombus meets the boundary of the rectangle region.
Also, the second partial plate electrode 192l covers the
second wiring providing step part generated in the pas-
sivation layer 180 by the second step providing wires
132l. As a result, the second partial plate electrode 192|
has the step provided by the second wiring providing step
part of the passivation layer 180, as illustrated in FIG. 8.
[0113] A plurality of second minute branch electrodes
193l extend from the edge of the oblique direction of the
second partial plate electrode 192I. A plurality of second
minute branch electrodes 193Ifill the rest of the rectangle
region, form an angle of 45 degrees with respect to the
gate line 121 or the data line 171, and form an angle of
9015 degrees with respect to the edge of the oblique
direction of the second partial plate electrode 192I.
[0114] In FIG. 4, the second subpixel electrode 191I
includes the second minute branch connection 194l con-
necting the second partial plate electrode 192| and the
ends of a plurality of second minute branch electrodes
193l in a longitudinal direction or a horizontal direction.
The second minute branch connection 194l overlaps the
second subpixel electrode 191l and the underlying stor-
age electrode 135b and 135c, thereby forming a storage
capacitance. However the second minute branch con-
nection 194| may be omitted, and in this case, a plurality
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of second minute branch electrodes 193l protrude to the
outside.

[0115] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l are physically and electrically
connected to the first drain electrode 175a and the sec-
ond drain electrode 175b through the contact holes 184a
and 184b, thereby receiving data voltages from the first
drain electrode 175a and the second drain electrode
175b. At this time, a portion of the data voltage applied
to the second drain electrode 175b is divided through the
third source electrode 173c, such that a magnitude of the
voltage applied to the second subpixel electrode 191l is
less than the magnitude of the voltage applied to the first
subpixel electrode 191h. Here, an area of the second
subpixel electrode 1911 may be approximately one to two
times less than that of the first subpixel electrode 191h.
[0116] A lower alignment layer (not shown) is formed
on the pixel electrodes 191. The lower alignment layer
may be a vertical alignment layer, and may be an align-
ment layer including a photo-reactive material. The photo
reactive material will be described with reference to FIG.
44,

[0117] Next, the upper panel 200 will be described. The
upper panel 200 of FIG. 7 and FIG. 8 includes the color
filter 230.

[0118] That is, the light blocking member 220 is posi-
tioned under the insulation substrate 210. The light block-
ing member 220 is referred to as a "black matrix" and
prevents light leakage. The light blocking member 220
extends along the gate line 121, covers a region where
the first thin film transistor (Qh), the second thin film tran-
sistor (Q1), and the third thin film transistor (Qc) are po-
sitioned, extends along the data line 171, and covers the
surroundings of the data line 171. A region that is not
covered by the light blocking member 220 emits light to
the outside, thereby displaying the images.

[0119] The color filter 230 is formed under the light
blocking member 220. The color filter 230 may display
one of three primary colors such as red, green, and blue.
Alternatively, each color filter 230 may display the prima-
ry colors of yellow, cyan, magenta, and the like, or may
display a plurality of colors other than these colors.
[0120] Aplanarizationlayer 250 providing a planar low-
er surface and made of the organic material is formed
under the color filter 230.

[0121] A common electrode 270 made of the transpar-
ent conductive material is formed under the planarization
layer 250.

[0122] Anupper alignment layer (not shown) is formed
under the common electrode 270. The upper alignment
layer may be the vertical alignment layer, and may be an
alignment layerin which a photo-polymer material is pho-
to-aligned.

[0123] Polarizers (not shown) are formed on the outer
surface of the display panels 100 and 200, the polariza-
tion axes of the two polarizers are crossed, and one po-
larization axis thereof may be parallel to the gate lines
121. However, the polarizer may only be disposed on
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one outer surface among the two display panels 100 and
200.

[0124] Theliquid crystallayer 3 between the lower pan-
el 100 and the upper panel 200 includes liquid crystal
molecules 31 having negative dielectric anisotropy.
[0125] The liquid crystal layer 3 or the alignment layer
(not shown) may further include the polymer that is po-
lymerized by light, such as ultraviolet rays. The polymer
included in the liquid crystal layer 3 provides the pretilt
to the liquid crystal layer 3, and a method of providing
the pretilt angle will be described in detail in FIG. 44. That
is, the liquid crystal layer 3 may not include the polymer
when the arrangement direction is sufficiently controlled
without the polymer providing the pretilt angle.

[0126] As described above, in the example of FIG. 7
and FIG. 8, the step provider is the step providing wiring
of the cross type formed with the same layer as the gate
line, thereby generating the step in the overlying insulat-
ing layer/passivation layer.

[0127] FIG. Qillustrates how the texture is reduced the
most according to the thickness of the step providing wir-
ing (referring to d of FIG. 8), thereby increasing the trans-
mittance.

[0128] FIG. 9is a view showing an experimental result
using the example of FIG. 7 and FIG. 8.

[0129] In FIG. 9, "Plate only" means a case that the
step providing wiring is not formed, and "Gate" is an ex-
ample in which the step providing wiring is formed with
the same layer as the gate line. That s, referring to FIG.
9, the texture is lowest in the case of the step providing
wiring when the same layer as the gate line has a thick-
ness of 3000 A compared to without the step providing
wiring, and in the case that the thickness of the step pro-
viding wiring is 6000 A, the texture may be further gen-
erated. Through the above experiment, when the step
providing wiring with the same layer as the gate line has
a thickness of more than 3000 A and less than 4000 A,
the control force of the liquid crystal molecules is im-
proved such that the texture is reduced.

[0130] Inthe exemplaryembodimentofFIG.7 andFIG.
8, the step providing wiring is formed with the same layer
as the gate line. However, the step providing wiring may
be formed with the same layer as the data line as the
step provider. Also, the step providing wiring may be
formed with the same layer as the gate line and the data
line, and this will be described with reference to FIG. 10.
[0131] FIG. 10 is a layout view of a partial wiring part
in a liquid crystal display according to another example
not according to the present invention.

[0132] In (a) of FIG. 10, the step providing wiring is
formed with the same layer as the gate line, and (b) of
FIG. 10 illustrates the step providing wiring being addi-
tionally formed with the same layer as the data line, and
the remaining structure is the same as the example of
FIG.6 and FIG. 7. Thatis, in FIG. 10, the pixel electrode
is not shown, however, similar to the structure of the pixel
electrode shown in FIG. 6 and FIG. 7, the pixel electrode
191 includes the first subpixel electrode 191h and the
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second subpixel electrode 192I, the first subpixel elec-
trode 191h includes the first partial plate electrode 192h
and a plurality of first minute branch electrodes 193h,
and the second subpixel electrode 191l includes the sec-
ond partial plate electrode 1921 and a plurality of second
minute branch electrodes 1931.

[0133] Among the step provider according to the ex-
ample of FIG. 10, the first step providing wiring formed
with the same layer as the gate line will be described with
reference to (a) of FIG. 10.

[0134] In(a)of FIG. 10, gate line 121, the storage volt-
age line 131 and the first step providing wiring 132h and
132l are formed on the insulation substrate 110. The stor-
age voltage line 131 includes storage electrodes 135a,
135b, and 135¢, and a capacitor electrode 134 extending
downward. The storage voltage line 131 includes two
first longitudinal storage electrode parts 135a extending
upward, a transverse storage electrode part 135b con-
necting the two first longitudinal storage electrode parts
135a, and two second longitudinal storage electrode
parts 135c further extending upward from the transverse
storage electrode part 135b. The firstlongitudinal storage
electrode part 135a is formed along a longitudinal edge
of the first sub-pixel electrode 191h formed thereon, and
the second longitudinal storage electrode part 135c is
formed along the longitudinal edge of the second sub-
pixel electrode 1911 formed thereon. Meanwhile, the
transverse storage electrode part 135b is positioned be-
tween a transverse edge of the previous second sub-
pixel electrode 191l and the transverse edge of the cur-
rent first sub-pixel electrode 191h, and is formed along
the two transverse edges. The first longitudinal storage
electrode part 135a and the transverse storage electrode
part 135b are formed along the edge of the first sub-pixel
electrode 191h, thereby at least partially overlapping the
first sub-pixel electrode 191h, and the second longitudi-
nal storage electrode part 135c and the transverse stor-
age electrode part 135b are formed along the edge of
the second sub-pixel electrode 1911, thereby at least par-
tially overlapping the second sub-pixel electrode 191l. In
FIG. 1, the overlying transverse storage electrode part
135b and the underlying transverse storage electrode
part 135b appear to be separated from each other, but
in actuality, the transverse storage electrode parts 135b
of the pixels PX that are adjacent up and down are elec-
trically connected to each other.

[0135] The first step providing wiring 132h and 132l is
formed with the same layer and the same material as the
gate line 121 and the storage voltage line 131, and in
FIG. 10, is electrically connected to the storage elec-
trodes 135a, 135b, and 135c¢ of the storage voltage line
131. That is, the first-first step providing wiring 132h has
the straight shape extending in the longitudinal direction,
and two ends are respectively connected to the trans-
verse storage electrode part 135b and the storage volt-
age line 131. The first-second step providing wiring 132l
has the straight shape extending in the longitudinal di-
rection, and two ends are connected to the transverse

10

15

20

25

30

35

40

45

50

55

12

storage electrode part 135b.

[0136] The gate insulating layer is formed on the gate
line 121, the storage voltage line 131, and the first step
providing wiring 132h and 132I, and the semiconductor
layer and the ohmic contact layer are formed thereon.
[0137] As shownin (b) of FIG. 10, second step provid-
ing wires 172h, 172’h, 172l, and 172’| are additionally
formed with the same layer as the data line. Among the
second step providing wires 172h, 172’h, 1721, and 172’1,
the second-first step providing wires 172h and 172l have
the straight shape extending in the longitudinal direction
and overlap the first step providing wires 132h and 132I.
Meanwhile, the second-second step providing wires
172’h and 172’ have the straight shape extending in the
transverse direction, and the second-first step providing
wires 172h and 172l are connected, thereby forming a
cross shape.

[0138] The example of FIG. 10 has the following ad-
vantages.
[0139] Referring to FIG. 9, the step providing wiring

must be formed with a thickness of more than about 3000
A to less than 4000 A. However, it is difficult to form the
above thickness with a single layer. In this case, as shown
in FIG. 10(a) and FIG. 10(b), one step providing wire is
formed with the same material as the gate line, and one
step providing wire formed with the same material as the
data line is formed thereon, thereby providing the suffi-
cient step.

[0140] As opposed to the exemplary embodiment of
FIG. 10, the first step providing wiring formed with the
same layer as the gate line may have a cross shape, and
in this case, one end of the first step providing wiring may
be connected to the storage electrodes 135a, 135b, and
135c.

[0141] The passivation layer formed of the inorganic
material is formed on the data line and the second step
providing wires 172h, 172’h, 172l, and 172'l, and the wir-
ing providing step part is formed in the passivation layer
by the first and second step providing wiring.

[0142] In FIG. 10, the pixel electrode is not shown.
However, referring to FIG. 7 and FIG. 8, the first partial
plate electrode 192h covers the first wiring providing step
part generated in the passivation layer 180 by the first
and second step providing wires 132h, 172h, and 172’h.
As a result, the first partial plate electrode 192h has the
step provided by the first wiring providing step part of the
passivation layer 180. Also, the second partial plate elec-
trode 192l covers the second wiring providing step part
generated in the passivation layer 180 by the first and
second step providing wires 132l, 172l, and 172'l. As a
result, the second partial plate electrode 192| has the
step provided by the second wiring providing step part
of the passivation layer 180.

[0143] Here, the first and second wiring providing step
part provides the pretilt to the liquid crystal molecules,
thereby controlling an arrangement direction of the liquid
crystal molecules, and as a result, texture is reduced.
[0144] In the examples of FIG. 4, FIG. 5, FIG. 7, and
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FIG. 8, the various examples of the step provider shown
in FIG. 1 and FIG. 2 have been described.

[0145] InFIG. 11toFIG. 16, similarto the step provider
of FIG. 1 and FIG. 2, the step providing groove and the
cross-shaped protrusion are formed in the passivation
layer 180 of the insulator, and variations of the step pro-
viding groove and a manufacturing method thereof will
be described.

[0146] FIGS. 11, (b) of 12, and 14 are cross-sectional
views of a liquid crystal display according to another ex-
ample not according to the present invention, and FIGS.
13, 15, and 16 illustrate masks used for manufacturing
the same.

[0147] Firstly a taper structure in a side wall in a step
providing groove 185 formed in the passivation layer 180
of the insulator will be described with reference to FIG.
11 to FIG. 13.

[0148] FIG. 11 corresponds to FIG. 2, and is the same
as FIG. 2 except for a point where the side wall of the
step providing groove 185 has a taper structure (referring
to "T") and is inclined. As shown in the layout view, the
taper structure is indicated by T in (a) of FIG. 12. As
shown in (a) of FIG. 12, the tapered region is formed in
the slanted side surface of the step providing groove 185
corresponding to each edge of the partial plate electrode.
Also, in the layout view, the step providing groove 185 is
a right triangle, and the side surface corresponding to
the oblique edge in the layout view has a slanted taper
structure.

[0149] Meanwhile, in FIG. 11, the cross-shaped pro-
trusion 182 formed in the passivation layer 180 of the
insulator does not have the taper structure. However as
shown in (b) of FIG. 12, the cross-shaped protrusion 182
may also have the taper structure.

[0150] In (c) of FIG. 12 as the drawing for testing the
texture generation and the transmittance of the pixel hav-
ing the structure of FIG. 11 and (a) of FIG. 12, it may be
confirmed that the control force of the liquid crystal mol-
ecules is improved in the side wall of the step providing
groove 185 formed with the taper structure such that the
texture is decreased compared with the other side walls
of the step providing groove 185.

[0151] Asshownin FIG. 11 and (a) of FIG. 12, to form
the taper structure at the side wall of the step providing
groove 185, a slit mask shown in FIG. 13 may be used
for exposure and developing.

[0152] In FIG. 13, a slit mask is positioned at the side
wall where the taper structure will be formed in the step
providing groove 185, and the exposure process is exe-
cuted such that the taper structure is formed by the dif-
ference of the exposure amount. In the slit mask used in
the present example, a bar blocking light and an opening
part transmitting light are repeated 2-4 times, and the
width of the bar and the opening part has a value of more
than 0.8 to less than 2 um.

[0153] The tapered side wall may be formed without
the slit mask shown in FIG. 13. This is the because the
side wall does not have the completely vertical structure
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and the tapered structure is formed when forming the
pattern through the general exposure/developing such
that the step providing groove 185 having the slightly
tapered side wall may be formed without the separate
slit mask.

[0154] The case of using the slit mask as shown in FIG.
13 may be applied when forming a larger taper angle
than the general etching.

[0155] On the other hand, FIG. 14 to FIG. 16 show a
lower surface (a bottom surface) of the step providing
groove 185 formed in the passivation layer 180 of the
insulator is slanted differently than as shown in FIG. 11
to FIG. 13.

[0156] In FIG. 14 corresponding to FIG. 2, the lower
surface (the bottom surface) of the step providing groove
185 is completely inclined, while the lower surface and
one side surface are integrally formed with a predeter-
mined slope. That is, in FIG. 14, the tapered region is
wider than in FIG. 11 such that the "B" region of FIG. 14
has an overall tapered structure.

[0157] As shown in FIG. 14, to form the entire inclina-
tion structure on the lower surface, a mask such as the
slit mask controlling the exposure amount must be used,
and the usable mask is respectively shown in FIG. 15
and FIG. 16.

[0158] First, the mask of FIG. 15 as the slit mask is
positioned through the overall step of providing the
groove 185 formed in the passivation layer 180 of the
insulator and then the exposure is executed, and the slit
mask includes the bar blocking the light and the opening
part passing the light that are repeated and has a struc-
ture in which the width of the opening part is gradually
increased. Here, the width of the bar has a value of more
than 0.8 to less than 2 pum, and the width of the opening
part is continuously increased from the width more than
0.8 to less than 2 um to a value of more than 0.2 to less
than 0.5 pm.

[0159] If the step providing groove 185 is formed by
using this slit mask as shown in FIG. 15, the step provid-
ing groove 185 has a structure in which the depth of the
cross-section is uniformly changed.

[0160] On the other hand, a slit mask of FIG. 16 has a
structure including a group having the opening part of
the same interval, as opposed to tha shown in FIG. 15,
and a group a1, a group a2, a group a3, and a group a4
are shown in FIG. 16. That is, the width of the bar in all
groups has an equal value of more than 0.8 to less than
2 um, although each group has a different interval of the
opening part. However, the interval of group a2 is greater
than group al, and the interval of the opening part is in-
creased to be closer to group a2, group a3, and group a4.
[0161] When exposing by using the slit mask shown in
FIG. 16, a step providing groove 185 having a step-
shaped like the cross-section shown in FIG. 16 may be
formed., The real pattern has the rounded step shape
compared with the cross-section shown in FIG. 16, there-
by having the cross-sectional structure in which the width
is gradually changed.
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[0162] The step providing groove 185 formed by using
the slit mask shown in FIG. 15 and FIG. 16 improves the
control force of the liquid crystal molecules as a result of
the step in the step providing groove 185, thereby reduc-
ing the generation of the texture. Also, the step providing
groove 185 reinforces the control force of the liquid crystal
molecules more than any other examples, as shown in
FIG. 44. Although the liquid crystal layer or the alignment
layer does not include the pretilt providing polymer that
is polymerized by light such as ultraviolet rays, the liquid
crystal molecules may be sufficiently controlled and the
texture may be prevented.

[0163] The example that does not include the pretilt
providing polymer that is polymerized by light, such as
ultraviolet rays, will be described with reference to FIG.
17 to FIG. 19.

[0164] FIG. 17 isalayoutview of a liquid crystal display
according to another example not according to the
present invention, and FIG. 18 is a cross-sectional view
taken along the line XVIII-XVIII of FIG. 17.

[0165] ReferringtoFIG. 17 andFIG. 18, the liquid crys-
tal display includes the lower panel 100 and the upper
panel 200 facing each other, the liquid crystal layer 3
interposed between the two display panels 100 and 200,
and a pair of polarizers (not shown) attached at the outer
surfaces of the display panels 100 and 200.

[0166] The lower panel 100 will now be described.
[0167] The gate line 121 and the storage voltage line
131 are formed on an insulation substrate 110. The gate
line 121 includes a first gate electrode 124a, a second
gate electrode 124b, and a third gate electrode 124c.
The storage voltage line 131 includes storage electrodes
135a, 135b, and 135c, and a capacitor electrode 134
extending downward. The storage voltage line 131 in-
cludes two first longitudinal storage electrode parts 135a
extending upward, a transverse storage electrode part
135b connecting the two first longitudinal storage elec-
trode parts 135a, and two second longitudinal storage
electrode parts 135c further extending upward from the
transverse storage electrode part 135b.

[0168] The first longitudinal storage electrode part
135a is formed along a longitudinal edge of the first sub-
pixel electrode 191h formed thereon, and the second lon-
gitudinal storage electrode part 135¢ is formed along the
longitudinal edge of the second sub-pixel electrode 1911
formed thereon. Meanwhile, the transverse storage elec-
trode part 135b is positioned between a transverse edge
of the previous second sub-pixel electrode 191l and the
transverse edge of the current first sub-pixel electrode
191h, and is formed along the two transverse edges.
[0169] As a result, the first longitudinal storage elec-
trode part 135a and the transverse storage electrode part
135b are formed along the edge of the first sub-pixel elec-
trode 191h, thereby at least partially overlapping the first
sub-pixel electrode 191h, and the second longitudinal
storage electrode part 135c and the transverse storage
electrode part 135b are formed along the edge of the
second sub-pixel electrode 1911, thereby at least partially
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overlapping the second sub-pixel electrode 191I.
[0170] In FIG. 17, the overlying transverse storage
electrode part 135b and the underlying transverse stor-
age electrode part 135b appear to be separated from
each other, but in actuality, the transverse storage elec-
trode parts 135b of the pixels PX that are adjacent up
and down are electrically connected to each other.
[0171] The gate insulating layer 140 is formed on the
gate line 121 and the storage voltage line 131. The first
semiconductor 154a, the second semiconductor 154b,
and the third semiconductor 154c are formed on the gate
insulating layer 140.

[0172] The plurality of ohmic contacts (not shown) are
formed on the first semiconductor 154a, the second sem-
iconductor 154b, and the third semiconductor 154c.
[0173] Data conductors 171, 173c, 175a, 175b, and
175c including a plurality of data lines 171 which include
the first source electrode 173a and the second source
electrode 173b, the firstdrain electrode 175a, the second
drain electrode 175b, the third source electrode 173c,
and the third drain electrode 175c, are formed on the
semiconductor (the first semiconductor 15443, the second
semiconductor 154b, and the third semiconductor 154c),
the ohmic contacts (not shown), and the gate insulating
layer 140.

[0174] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
a first thin film transistor Qa together with the first semi-
conductor 154a, and a channel of the first thin film tran-
sistor Qa is formed in the semiconductor portion 154a
between the first source electrode 173a and thefirst drain
electrode 175a. Similarly, the second gate electrode
124b, the second source electrode 173b, and the second
drain electrode 175b form a second thin film transistor
Qb together with the second semiconductor 154b, a
channel of the second thin film transistor Qb is formed in
the semiconductor portion 154b between the second
source electrode 173b and the second drain electrode
175b, the third gate electrode 124c, the third source elec-
trode 173c, and the third drain electrode 175c form a third
thin film transistor Qc together with the third semiconduc-
tor 154¢, and a channel of the third thin film transistor Qc
is formed in the semiconductor portion 154c between the
third source electrode 173c and the third drain electrode
175c.

[0175] The passivation layer 180 is formed on the gate
insulating layer 140, the data conductors 171, 173c,
175a, 175b, and 175c, and the exposed portion of the
semiconductors 154a, 154b, and 154c. The passivation
layer 180 may be formed of an insulator such as silicon
nitride and silicon oxide, or an insulator, and in the ex-
ample of FIG. 17, the organic insulating layer including
the insulator is described.

[0176] The step provider providing the step to the over-
lying layer is formed in the passivation layer 180 of the
insulator, and in FIG. 17, the step providing grooves 185h
and 185l and the protrusion 182 of the cross type posi-
tioned between the step providing grooves 185h and 185l
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are the step provider. As shown in FIG. 17, the step pro-
viding grooves 185h and 185l have a quadrangle struc-
ture having two edges crossing perpendicularly and are
symmetrical to each other in the diagonal direction. As a
result, the passivation layer 180 includes the cross-
shaped protrusion 182.

[0177] Also, referring to FIG. 18, the lower surface of
the step providing grooves 185h and 185l are entirely
inclined, while forming the predetermined slope by the
lower surface and one side surface that are integral. As
described above, the lower surface of the step providing
grooves 185h and 185l has a slope such that the align-
ment direction of the liquid crystal molecules is controlled,
thereby reducing the generation of the texture.

[0178] The passivation layer 180 includes the first con-
tact hole 184a, the second contact hole 184b, and the
third contact hole 184c respectively exposing the first
drain electrode 175a, the second drain electrode 175b,
and the third drain electrode 175c. The passivation layer
180 includes the opening 189 collecting the gas emitted
from the color filter 230. According to FIG. 17, one pixel
may include a pair of openings 189.

[0179] The pixel electrode 191, including the first sub-
pixel electrode 191h and the second sub-pixel electrode
1911, is formed on the passivation layer 180. The first
sub-pixel electrode 191h and the second sub-pixel elec-
trode 191l respectively include partial plate electrodes
192h and 192l positioned at a center thereof and a plu-
rality of minute branch electrodes 193h and 193I protrud-
ing from the partial plate electrode 192h and 192l in an
oblique direction.

[0180] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h positioned in the square
region, and is connected to a wide end portion of the first
drain electrode 175a by the first minute branch connec-
tion 194h extending outside the square region.

[0181] The first partial plate electrode 192h has an
equilateral octagonal shape, the center thereof is posi-
tioned atthe center of the square region, and four vertices
of the equilateral octagonal shape meet the boundary of
the square region. The first partial plate electrode 192h
covers the first step providing groove 185h of the passi-
vation layer 180 and the first cross-shaped protrusion
182h. As a result, the first partial plate electrode 192h
has the step provided by the first step providing groove
185h of the passivation layer 180 and the first cross-
shaped protrusion 182h. Here, referring to FIG. 18, the
first cross-shaped protrusion 182h provides a pretilt to
the liquid crystal molecules at the center of the square
region, thereby controlling an arrangement direction of
the liquid crystal molecules, and as a result, texture is
reduced.

[0182] Aplurality of first minute branch electrodes 193h
are extended in eight edges of the oblique direction of
the first partial plate electrode 192h. A plurality of first
minute branch electrodes 193h fill the rest of the square
region, form an angle of 45 degrees with respect to the
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gate line 121 or the data line 171, and form an angle of
90 degrees with respect to the edge of the oblique direc-
tion of the first partial plate electrode 192h.

[0183] InFIG. 17, the first sub-pixel electrode 191h in-
cludes the first minute branch connection 194h connect-
ing the first partial plate electrode 192h and the ends of
a plurality of first minute branch electrodes 193h in a lon-
gitudinal direction or a horizontal direction. The first
minute branch connection 194h overlaps the first sub-
pixel electrode 191h and the underlying storage elec-
trodes 135a and 135b, thereby forming a storage capac-
itance. However, the first connection 194h may be omit-
ted, and in this case, a plurality of first minute branch
electrodes 193h protrude to the outside.

[0184] The second sub-pixel electrode 191l includes
the second partial plate electrode 192] and a plurality of
second minute branch electrodes 193l formed in the rec-
tangle region having a longitudinal edge, and is connect-
ed to the wide end portion of the second drain electrode
175l by the second connection 197! extending outside
the rectangle region.

[0185] The center of the second partial plate electrode
192l is positioned at the center of the rectangle region
and has an octagonal shape connecting the center of
each edge of the rectangle region. As a result, four ver-
tices of the octagon meet the boundary of the rectangle
region. The second partial plate electrode 192l covers
the second step providing groove 185l of the passivation
layer 180 and the second cross-shaped protrusion 182I.
As a result, the second partial plate electrode 192| has
the step provided by the second step providing groove
185l of the passivation layer 180 and the second cross-
shaped protrusion 182I. (referring to FIG. 18)

[0186] A plurality of second minute branch electrodes
193l extend from eight edges of the oblique direction of
the second partial plate electrode 192l. A plurality of sec-
ond minute branch electrodes 193l fill the rest of the rec-
tangle region, form an angle of 45 degrees with respect
to the gate line 121 or the data line 171, and form an
angle of 9015 degrees with respect to the edge of the
oblique direction of the second partial plate electrode
192I.

[0187] InFIG. 17, the second sub-pixel electrode 1911
includes the second minute branch connection 194l con-
necting the second partial plate electrode 192| and the
ends of a plurality of second minute branch electrodes
193l in a longitudinal direction or a horizontal direction.
The second minute branch connection 194l overlaps the
second sub-pixel electrode 191l and the underlying stor-
age electrodes 135b and 135c¢, thereby forming a storage
capacitance. However the second minute branch con-
nection 194| may be omitted, and in this case, a plurality
of second minute branch electrodes 193l protrude to the
outside.

[0188] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 1911 are physically and electri-
cally connected to the first drain electrode 175a and the
second drain electrode 175b through the contact holes
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184a and 184b, thereby receiving data voltages from the
first drain electrode 175a and the second drain electrode
175b. At this time, the portion of the data voltage applied
to the second drain electrode 175b is divided through the
third source electrode 173c, such that a magnitude of the
voltage applied to the second sub-pixel electrode 191l is
less than the magnitude of the voltage applied to the first
sub-pixel electrode 191h. Here, an area of the second
sub-pixel electrode 1911 may be approximately one to
two times less than that of the first sub-pixel electrode
191h.

[0189] The storage electrode connecting member 139
connects the capacitor electrode 134 of the storage volt-
age line 131 and the third drain electrode 175c through
the contact hole 184c. A storage voltage Vcst is applied
to the capacitor electrode 134 of the storage voltage line
131 to have a predetermined voltage, and thereby apply
the storage voltage Vcst to the third thin film transistor
Qc through the third drain electrode 175c. As a result,
the voltage applied to the second sub-pixel may be de-
creased.

[0190] The cover 199 covering the opening 189 of the
passivation layer 180 is formed on the opening 189. Ac-
cording to FIG. 17, one pixel may include a pair of covers
199. The pixel electrode 191 and the cover 199 may be
made of the transparent conductive material such as ITO
or 1Z0. The opening 189 and the cover 199 may be omit-
ted.

[0191] Theloweralignmentlayer (notshown)isformed
on the pixel electrodes 191. The lower alignment layer
may be a vertical alignment layer. The lower alignment
layer does not include the photo-reactive material shown
in FIG. 44. This is because the example of FIG. 17 has
sufficient control force of the liquid crystal molecules.
[0192] The common electrode panel 200 will now be
described. The upper panel 200 of FIG. 17 and FIG. 18
includes the color filter 230.

[0193] The light blocking member 220 is formed on an
insulation substrate 210. The light blocking member 220
is referred to as black matrix, and prevents light leakage.
The light blocking member 220 extends along the gate
line 121, covers a region where the first thin film transistor
(Qh), the second thin film transistor (Ql), and the third
thin film transistor (Qc) are positioned, extends along the
data line 171, and covers the surroundings of the data
line 171. The region that is not covered by the light block-
ing member 220 emits light to the outside, thereby dis-
playing the images.

[0194] The color filter 230 is formed under the light
blocking member 220. The color filter 230 may display
one of three primary colors such as red, green, and blue,
but it is not limited to display of the three primary colors
and may display one of cyan, magenta, yellow, and white-
based colors.

[0195] Aplanarizationlayer 250 providing a planar low-
er surface and made of the organic material may be
formed under the color filter 230.

[0196] A common electrode 270 made of the transpar-
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ent conductive material may be formed under the planari-
zation layer 250.

[0197] The upper alignment layer (not shown) is
formed under the common electrode 270. The upper
alignment layer may be a vertical alignment layer. The
upper alignment layer does not include the photo-reac-
tive material shown in FIG. 44. This is because the ex-
ample FIG. 17 has sufficient control force of the liquid
crystal molecules.

[0198] Polarizers (not shown) are formed on the outer
surface of the display panels 100 and 200, the polariza-
tion axis of the two polarizers are crossed, and one po-
larization axis thereof may be parallel to the gate lines
121. The polarizer may be disposed on one outer surface
among the two display panels 100 and 200.

[0199] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 1911 to which the data voltage is
applied generate an electric field in conjunction with the
common electrode 270 of the common electrode panel
200 such that the liquid crystal molecules of the liquid
crystal layer 3 that are aligned vertical to the surface of
the two electrodes 191 and 270 in the absence of an
electric field are slanted in the direction parallel to the
surface of the two electrodes 191 and 270, and thereby
the luminance of the light transmitted through the liquid
crystal layer 3 differs depending on the slant degree of
the liquid crystal molecules.

[0200] The liquid crystal display may further include a
spacer to maintain a cell interval between the two display
panels 100 and 200, and the spacer may be attached to
the upper panel 200 or the lower panel 100.

[0201] The liquid crystal layer 3 disposed between the
lower panel 100 and the upper panel 200 includes the
liquid crystal molecules 31 having negative dielectric an-
isotropy. The liquid crystal layer 3 does not include the
photo-reactive material showninFIG. 44. Thisis because
the example of FIG. 17 has sufficient control force of the
liquid crystal molecules.

[0202] Asdescribed above,inFIG. 17 and FIG. 18, the
step provider is formed in the passivation layer 180 of
the insulator and made of the cross-type protrusions
182h and 182l positioned between the step providing
grooves 185h and 185l. The partial plate electrodes 192h
and 192 have an octagonal shape.

[0203] The lower surface of the step providing grooves
185h and 185l is totally inclined, while forming the pre-
determined slope by the lower surface and one integral
side surface. As described above, the lower surface of
the step providing grooves 185h and 185l is inclined such
thatthe alignment direction of the liquid crystal molecules
is controlled, thereby providing the pretilt. The step pro-
viding grooves 185h and 185l of FIG. 17 are formed ata
wider region than another example such that the region
providing the pretilt to the liquid crystal molecule is wid-
ened. As a result, the liquid crystal molecules are not
misaligned, and the texture is not generated. Because
the texture is not generated in the embodiment of FIG.
17, the photo-reactive material shown in FIG. 44 may not
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be included.

[0204] Next, a characteristic of the example of FIG. 17
and FIG. 18 will be described focusing on an experimen-
tal result for the example of FIG. 17 and FIG. 18.
[0205] FIG. 19isaview showing anexperimental result
using the example of FIG. 17 and FIG. 18.

[0206] First, (a) of FIG. 19 is an experimental result of
the example in which the partial plate electrode has a
rhombus structure, the step providing groove has a lower
surface that is entirely inclined, and the photo-reactive
material is not inclined in the liquid crystal layer or the
alignment layer. As shown in (a) of FIG. 19, the texture
is generated in the portion of the minute branch electrode.
Thisis because the photo-reactive material does not exist
onthe minute branch electrode such that the liquid crystal
molecules do not have the pretilt.

[0207] (b) of FIG. 19 is an experimental result using
the example of FIG. 17 and FIG. 18. The partial plate
electrode has an octagonal structure such that the region
forming the minute branch electrodes is reduced, and as
a result, although the photo-reactive material does not
exist, the liquid crystal molecules are controlled with the
pretilt provided by the inclined lower surface in the step
providing groove such that the texture may not be gen-
erated.

[0208] InFIG. 19, (c) clearly shows the direction of the
pretilt provided from the lower surface of the step provid-
ing groove and the pretilt provided to the liquid crystal
molecules as a result of the cross-shaped protrusion.
That is, in the cross-sectional view of (c) of FIG. 19, the
liquid crystal molecule has the pretilt according to the
slope of the lower surface of the step providing groove,
and in the plane view of (c) of FIG. 19, the pretilt direction
of the liquid crystal molecules is shown through arrows
1, 2, and 3. In the plane view of (c) of FIG. 19, the arrow
1 indicates the pretilt direction generated by the inclined
slope in the side wall portion of the step providing groove.
In the plane view of (c) of FIG. 19, the arrow 2 indicates
the pretilt direction generated by the inclined slope in the
lower surface of the step providing groove. In the plane
view of (c) of FIG. 19, the arrow 3 indicates the pretilt
direction generated by the cross-type protrusion.
[0209] As described above, in FIG. 17 and FIG. 18,
although the photo-reactive material is not formed in the
liquid crystal layer or the alignment layer, the alignment
direction of the liquid crystal molecules may be sufficient-
ly controlled in three large pretilt directions such that the
texture is not generated.

[0210] Next, various structures of the pixel electrode
will be described with reference to FIG. 20 to FIG. 24.
[0211] FIG. 20 to FIG. 24 are enlarged views of a pixel
electrode of a liquid crystal display according to another
example not according to the present invention.

[0212] Firstly, FIG. 20 shows a structure of the pixel
electrode including an "X" shaped partial plate electrode
and an experimental result of transmittance. FIG. 20
shows the structure corresponding to the first sub-pixel
electrode of FIG. 1.
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[0213] The pixel electrode of FIG. 20 includes an "X"
shaped partial plate electrode 192 and the minute branch
electrodes 193 extended therefrom.

[0214] In the "X" shaped partial plate electrode 192, a
transverse extension and a longitudinal extension tra-
versing the pixel area in the longitudinal direction and the
transverse direction are formed.

[0215] The "X" shaped partial plate electrode 192 has
four portions forming the X shape, and each portion has
a structure in which the width is gradually decreased from
the center of the pixel electrode to the outer part.
[0216] Each portion has a triangular shape having the
center ofthe pixel, one corner of the pixel, and the position
on the center of the pixel and the transverse extension
as the vertices.

[0217] In the "X" shaped partial plate electrode 192,
the transverse extension, the longitudinal extension, and
minute branch electrodes 193 are extended and formed
in the rest of the portion of the pixel area, and are ar-
ranged parallel to the edge of the adjacent portion.
[0218] InFIG. 20, a minute branch connection enclos-
ing the outer part of the pixel area is further included. The
minute branch connection is formed at four edges of the
pixel area. However, according to an exemplary embod-
iment, it may be formed at at least one edge or may not
be formed at all.

[0219] The pixel of FIG. 20 includes a step provider H.
FIG. 20 schematically shows the step provider H provid-
ing the step to the corresponding region as one of the
above-described drawings.

[0220] Referring to the transmittance of the example
of FIG. 20, the texture is partially generated according to
the edge of the "X" shaped partial plate electrode 192
such that it may be confirmed that the texture of the "X"
shape is generated.

[0221] FIG. 21 shows the partial plate electrode having
two rectangle structures in one pixel area. FIG. 21 shows
a structure corresponding to the first sub-pixel electrode
of FIG. 1.

[0222] The pixel electrode of FIG. 21 includes the par-
tial plate electrode 192 having two rectangle structures
and the minute branch electrodes 193 extending there-
from.

[0223] The pixel electrode includes the transverse ex-
tension and the longitudinal extension crossing the pixel
area, and the transverse extension crossing the partial
plate electrode of two rectangle structures.

[0224] The partial plate electrode 192 has two rectan-
gle structures, and one rectangle structure is formed par-
allel to the longitudinal extension.

[0225] Inthe partial plate electrode 192, the transverse
extension, the longitudinal extension, and the minute
branch electrodes 193 extend and are formed in the rest
of the pixel area, while forming an angle of, for example,
45 degrees with respect to one edge of the partial plate
electrode.

[0226] The example of FIG. 21 further includes the
minute branch connection enclosing the outer part of the
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pixel area. The minute branch connection is formed at
four edges of the pixel area. However it may be formed
at at least one edge or may not be formed at all.

[0227] The pixel of Fig. 21 includes the step provider
H. FIG. 21 schematically shows the step provider H pro-
viding the step to the corresponding region as one of the
above-described drawings.

[0228] Referring to the transmittance of the exemplary
embodiment of FIG. 21, the texture is weakly generated
according to the edge of the partial plate electrode 192
of the rectangle.

[0229] FIG. 22 shows the structure of the pixel elec-
trode according to an example of the present invention.
[0230] In FIG. 22, (a) and (b) show the structure cor-
responding to the second sub-pixel electrode of FIG. 1,
and (c) of FIG. 22 shows the structure corresponding to
the first sub-pixel electrode of FIG. 1.

[0231] Referring to (a) and (b) of FIG., (a) of FIG. 22
shows a case of forming one partial plate electrode 192l
in the region of the second sub-pixel electrode, and (b)
of FIG. 22 shows the structure in which two partial plate
electrodes 192| are connected up and down in the region
of the second sub-pixel electrode. Particularly, the sec-
ond sub-pixel electrode is formed in the rectangle region,
and when bisecting the rectangle region up and down,
each region is a square region. In each square region,
one partial plate electrode having a rhombus structure is
formed.

[0232] In other regions, the longitudinal extension (re-
ferring to (a) of FIG. 22) or the transverse extension (not
shown) may be formed, and the minute branch elec-
trodes are formed in the rest of the region.

[0233] Referring to (a) of FIG. 22, the partial plate elec-
trode 192l contacts at least one position of the side sur-
faces of the second sub-pixel electrode, and two posi-
tions in (a) of FIG. 22.

[0234] In(c)of FIG. 22, the partial plate electrode 192h
has a circular structure. FIG. 22 shows only the structure
corresponding to the first sub-pixel electrode, however,
the partial plate electrode may be formed in the second
sub-pixel electrode thereby having an oval structure, like
(b) of FIG. 22, where the partial plate electrode of two
circuital structures may be formed. The minute branch
electrodes may be formed outside of the partial plate
electrode 192h of the circular structure.

[0235] Referring to (c) of FIG. 22 and the structure of
the previous partial plate electrodes, the partial plate
electrode may have a polygon shape such as a quad-
rangular shape of a rhombus, an octagonal shape, or a
circular shape.

[0236] FIG. 23 and FIG. 24 show the pixel electrode
structure according to an example not according to the
presentinvention, and the structure of the pixel electrode
shown in FIG. 23 and FIG. 24 further improves the lateral
visibility.

[0237] That is, the partial plate electrodes 192h and
1921 shown in FIG. 23 have a structure in which the width
in the horizontal direction is greater than the width in the
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vertical direction. In this case, a head direction of the
liquid crystal molecules is slanted to the side, and as a
result, the lateral visibility is improved in the direction of
viewing of the head direction of the corresponding liquid
crystal molecules. That is, the liquid crystal molecules
are arranged in the direction of a 45 angle, however, in
FIG. 23, the liquid crystal molecules are arranged at a
smaller angle such that the viewing angle characteristic
is improved in the side. Referring to FIG. 24, in the partial
plate electrode structure having the large width of the
horizontal direction like FIG. 23, the alignment direction
of the liquid crystal molecules is shown to be arranged
at an angle of less than 45 degrees. This is in reference
to the region indicated by a dotted line of FIG. 24.
[0238] The above-described example is applied to var-
ious pixel structures, and representative examples ap-
plied with each pixel structure will be described with ref-
erence to FIG. 25 to FIG. 32.

[0239] First, referring to FIG. 25 and FIG. 26, a struc-
ture in which two sub-pixels are coupled by the storage
capacitor Cas after receiving the data voltage from one
transistor Q will be described.

[0240] FIG. 25 is an equivalent circuit diagram of one
pixel of a liquid crystal display, and FIG. 26 is a layout
view of a lower panel of a liquid crystal display.

[0241] The liquid crystal display includes signal lines
including a plurality of gate lines GL, a plurality of data
lines DL, and a plurality of storage voltage lines SL and
a plurality of pixels PX connected thereto. Each pixel PX
includes a pair of a first sub-pixel PXa and a second sub-
pixel PXb, wherein the first sub-pixel PXa includes the
first sub-pixel electrode (191h of FIG. 26), and the second
sub-pixel PXb includes the second sub-pixel electrode
(1911 of FIG. 26).

[0242] The liquid crystal display according to an exem-
plary embodiment of the present invention further in-
cludes the switching element Q connected to the gate
line GL and the data line DL, the first liquid crystal ca-
pacitor Clca and the first storage capacitor Csta that are
connected to the switching element Q and formed in the
first sub-pixel PXa, the second liquid crystal capacitor
Clcb and the second storage capacitor Cstb that are con-
nected to the switching element Q and formed in the sec-
ond sub-pixel PXb, and an assistance capacitor Cas
formed between the switching element Q and the second
liquid crystal capacitor Clcb.

[0243] The switching element Q is a three-terminal el-
ement, such as a thin film transistor, disposed at the lower
panel 100. The switching element Q includes a control
terminal connected to a gate line (GL), an input terminal
connected to a data line (DL), and an output terminal
connected to the first liquid crystal capacitor Clca, the
storage capacitor Csta, and the assistance capacitor
Cas.

[0244] One terminal of the assistance capacitor Cas is
connected to the output terminal of the switching element
Q, and the other terminal is connected to the second
liquid crystal capacitor Clcb and the second storage ca-
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pacitor Cstb.

[0245] The charging voltage of the second liquid crystal
capacitor Clcb is lower than the charging voltage of the
first liquid crystal capacitor Clca by the assistance ca-
pacitor Cas such that the lateral visibility of the liquid crys-
tal display may be improved.

[0246] In the structure of the liquid crystal display, as
shown in FIG. 26, a plurality of gate conductors including
a plurality of gate lines 121 and a plurality of storage
voltage lines 131 are formed on the insulation substrate
(not shown) made of transparent glass or plastic.
[0247] The gate line 121 transmits gate signals and
extends in a substantially horizontal direction. Each gate
line 121 includes a plurality of gate electrodes 124 pro-
truding upward.

[0248] The storage electrode line 131 receives a pre-
determined voltage, and may extend parallel to the gate
line 121. Each storage voltage line 131 is positioned be-
tween two adjacent gate lines 121. The storage voltage
line 131 includes the storage electrodes 135a and 135b
extending downward. However, the shape and the ar-
rangement of the storage voltage lines 131 and the stor-
age electrodes 135a and 135b may be variously
changed.

[0249] The gate insulating layer (not shown) is formed
on the gate conductors 121 and 131. A semiconductor
island 154 is formed on the gate insulating layer. The
semiconductor island 154 is positioned on the gate elec-
trode 124.

[0250] The data conductor including a plurality of data
lines 171 and drain electrodes 175 is formed on the sem-
iconductor 154 and the gate insulating layer.

[0251] Thedatalines 171 transmit the data signals and
extend in the vertical direction thereby intersecting the
gate lines 121 and the storage voltage lines 131. Each
data line 171 includes a source electrode 173 which ex-
tends toward the gate electrode 124.

[0252] The drain electrode 175 is separated from the
data line 171 and includes a bar-shaped end facing the
source electrode 173 with respect to the gate electrode
124. The bar-shaped end is partially surrounded by the
source electrode 173 which is curved.

[0253] The other end of the drain electrode 175 sub-
stantially extends parallel to the data line 171 thereby
being formed through the first sub-pixel PXa and the sec-
ond sub-pixel PXb, and the portion formed in the second
sub-pixel PXb is referred to as an auxiliary electrode 176.
[0254] The passivation layer (not shown) is formed on
the data conductors 171 and 175 and the semiconductor
154. The passivation layer may be made of an insulator
and has a flat surface. The step provider providing the
step to the overlying layer is formed in the passivation
layer of the insulator, and in FIG. 26, the step providing
grooves 185h and 185l and the cross-shaped protrusions
182h and 182l positioned between the step providing
grooves 185h and 185l are the step provider. As shown
in FIG. 26, the step providing grooves 185h and 185l
have a right triangle structure and are symmetrical to
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each other in a diagonal direction. As a result, the pas-
sivation layer 180 includes the cross-shaped protrusions
182h and 182l

[0255] The color filter may be formed under the passi-
vation layer.

[0256] A plurality of pixel electrodes 191 are formed
on the passivation layer. Each pixel electrode 191 in-
cludes the first sub-pixel electrode 191h and the second
sub-pixel electrode 1911 formed at predetermined inter-
vals.

[0257] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 1911 respectively include partial
plate electrodes 192h and 192l positioned at a center
thereof, and a plurality of minute branch electrodes 193h
and 193l protruding from the partial plate electrodes 192h
and 192l in an oblique direction.

[0258] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h, and is connected to the
wide end of the drain electrode 175 outside the square
region.

[0259] The first partial plate electrode 192h has a
rhombus shape, and each vertex of the rhombus meets
the boundary of the square region. The first partial plate
electrode 192h covers the first step providing groove
185h and the first cross-shaped protrusion 182h of the
passivation layer. As a result, the first partial plate elec-
trode 192h has the step provided by the first step provid-
ing groove 185h of the passivation layer 180 and the first
cross-shaped protrusion 182h. Here, the first cross-
shaped protrusion 182h provides the pretilt to the liquid
crystal molecules positioned at the center of the square
region, thereby having a function of controlling an ar-
rangement direction of the liquid crystal molecules, and
as a result, texture is reduced. A plurality of first minute
branch electrodes 193h extend in the edge of the oblique
direction of the first partial plate electrodes 192h. A plu-
rality of first minute branch electrodes 193h form anangle
of 45 degrees with respect to the gate line 121 or the
data line 171, and form an angle of 90 degrees with re-
spectto the edge of the oblique direction of the first partial
plate electrode 192h.

[0260] The second sub-pixel electrode 1911 includes
the second partial plate electrode 1921 and a plurality of
second minute branch electrodes 193l, and overlaps the
auxiliary electrode 176 thereby forming the assistance
capacitor Cas.

[0261] The second partial plate electrode 192| has a
rhombus shape connecting each edge of the rectangle
region. As a result, each of the vertices of the rhombus
meets the boundary of the rectangle region. The second
partial plate electrode 192| covers the second step pro-
viding groove 185l of the passivation layer and the sec-
ond cross-type protrusion 182l. As a result, the second
partial plate electrode 192l has the step provided by the
second step providing groove 185l of the passivation lay-
er and the second cross-type protrusion 182I. A plurality
of second minute branch electrodes 193l extend from the
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edge of the oblique direction of the second partial plate
electrode 192I. A plurality of second minute branch elec-
trodes 193l fill the rest of the region of the rectangle re-
gion, form an angle of 45 degrees with respect to the
gate line 121 or the data line 171, and form an angle of
9015 degrees with respect to the edge of the oblique
direction of the second partial plate electrode 192l.
[0262] The first and second sub-pixel electrodes 191h
and 1911 form the first and second liquid crystal capaci-
tors along with the common electrode of the upper panel
and the liquid crystal layer therebetween to maintain the
applied voltage after the thin film transistor (Q of FIG. 25)
is turned off.

[0263] The first and second sub-pixel electrodes 191h
and 1911 overlap the storage electrodes 135a and 135b
to form the first and second storage capacitors Csta and
Cstb, thereby reinforcing the voltage storage capacity of
the first and second liquid crystal capacitors Clca and
Clcb.

[0264] The auxiliary electrode 176 extends from the
drain electrode 175, but the present invention is not lim-
ited thereto, and the auxiliary electrode 176 may be sep-
arated from the drain electrode 175. At this time, the pas-
sivation layer includes a contact hole formed on the first
sub-pixel electrode 191h, and the auxiliary electrode 176
may be connected to the first sub-pixel electrode 191h
through the contact hole and may overlap the second
sub-pixel electrode 191I.

[0265] Hereinafter, referring to FIG. 27 and FIG. 28,
after two sub-pixels respectively receive the same data
voltage from the transistors Qa and Qb, the charge of
the second sub-pixel electrode (1911 of FIG. 28) flows to
the assistance capacitor Cas of the third switching ele-
ment Qc such that the voltage of the second liquid crystal
capacitor Clcb is decreased.

[0266] The liquid crystal display according to an exem-
plary embodiment of the present invention will be de-
scribed with reference to FIG. 27 and FIG. 28.

[0267] FIG. 27 is an equivalent circuit diagram of one
pixel of a liquid crystal display according to an example,
and FIG. 28 is a layout view of a lower panel of a liquid
crystal display according to an example.

[0268] The liquid crystal display includes the signal
lines including a plurality of gate lines GLn and GLn+1,
a plurality of data lines DL, and a plurality of storage volt-
agelines SL, with a plurality of pixels PX connected there-
to. Each pixel PX includes a pair of the first and second
sub-pixels PXa and PXb, and the first sub-pixel PXa in-
cludes the first sub-pixel electrode (191h of FIG. 28) while
the second sub-pixel PXb includes the second sub-pixel
electrode (1911 FIG. 28).

[0269] The liquid crystal display further includes the
first switching element Qa and the second switching el-
ement Qb connected to the gate line GLn and the data
line DL, the first liquid crystal capacitor Clca and the first
storage capacitor Csta connected to the first switching
element Qa and formed in the first sub-pixel PXa, the
second liquid crystal capacitor Clcb and the second stor-
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age capacitor Cstb connected to the second switching
element Qb and formed in the second sub-pixel PXb, the
third switching element Qc connected to the second
switching element Qb and switched by the gate line
GLn+1 of the next stage, and the assistance capacitor
Cas connected to the third switching element Qc.
[0270] The firstand second switching elements Qaand
Qb, as three-terminal elements such as a thin film tran-
sistor, etc., and provided on a lower display panel 100,
include control terminals thereof connected to the gate
line GLn, input terminals thereof connected to the data
line DL, and output terminals thereof connected to the
first liquid crystal capacitor Clca and the first storage ca-
pacitor Csta, and the second liquid crystal capacitor Clcb
and the second storage capacitor Cstb, respectively.
[0271] The third switching element Qc, which is also a
3-terminal element such as a thin film transistor and the
like provided on the lower display panel 100, includes a
control terminal connected to the subsequent gate line
GLn+1, an input terminal connected to the second liquid
crystal capacitor Clcb, and an output terminal connected
to the auxiliary capacitor Cas.

[0272] One terminal of the auxiliary capacitor Cas is
connected to the output terminal of the third switching
element Qc and the other terminal is connected to the
storage electrode line SL.

[0273] Hereinafter, an operation of the liquid crystal
display will be described. When the gate-on voltage is
applied to the gate line GLn, the first and second switch-
ing elements Qa and Qb that are connected thereto are
turned on and the data voltage of the data line 171 is
applied to the first and second sub-pixel electrodes (191h
and 1911 of FIG. 28).

[0274] Subsequently, when a gate-off voltage is ap-
plied to the gate line GLn and the gate-on voltage is ap-
plied to the subsequent gate line GLn+1, the first and
second switching elements Qa and Qb are turned off and
the third switching element Qc is turned on. As a result,
electrical charges of the second sub-pixel electrode (1911
of FIG. 28) connected to the output terminal of the second
switching element Qb flow into the auxiliary capacitor Cas
to reduce the voltage of the second liquid crystal capac-
itor Clcb.

[0275] As described above, the charged voltages of
the first and second liquid crystal capacitors Clca and
Clcb are different from each other to improve the lateral
visibility of the liquid crystal display.

[0276] In the structure of the liquid crystal display, a
plurality of gate conductors including a plurality of first
gate lines 121, a plurality of second gate lines 123, and
a plurality of storage electrodes lines 131 are formed on
an insulation substrate (not shown) which is made of
transparent glass or plastic, as shown in FIG. 28.
[0277] The first gate line 121 and the second gate line
123 extend primarily in the transverse direction and trans-
fer the gate signal. The first gate line 121 includes the
first gate electrode 124a and the second gate electrode
124b that protrude upwards. The second gate line 123
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includes the third gate electrode 124c that protrudes up-
wards. The first gate electrode 124a and the second gate
electrode 124b are connected to each other to form one
protrusion.

[0278] The storage electrode line 131 extends prima-
rily in the transverse direction and transfers the prede-
termined voltage, such as the common voltage, or the
like. The storage electrode line 131 includes storage
electrodes 135a and 135b that extend up and down. In
this case, the shapes and layouts of the storage electrode
line 131 and the storage electrodes 137a and 137b may
be variously changed.

[0279] A gateinsulating layer (not shown) is formed on
the gate conductors 121, 123, and 131.

[0280] A plurality of semiconductor islands 154 are
formed on the gate insulating layer 140. The semicon-
ductor islands 154 include a first semiconductor 154a
disposed on the first gate electrode 124a, a semiconduc-
tor 154b disposed on the second gate electrode 124b,
and a third semiconductor 154¢ disposed on the third
gate electrode 124c. The first semiconductor 154a and
the second semiconductor 154b may be connected to
each other.

[0281] A data conductor including a plurality of data
lines 171, a first drain electrode 175a, a second drain
electrode 175b, a third source electrode 173c, and a third
drain electrode 175c is formed on the semiconductor 154
and the gate insulating layer 140.

[0282] The datalines 171 transfer the data signals and
extend primarily in the longitudinal direction, thereby
crossing the first gate line 121 and the second gate line
123.Eachdataline 171 includes the first source electrode
173a and the second source electrode 173b that extend
toward the first gate electrode 124a and the second gate
electrode 124b. The first source electrode 173a and the
second source electrode 173b are connected to each
other.

[0283] Each of the first drain electrode 175a, the sec-
ond drain electrode 175b, and the third drain electrode
175c¢ includes one wide end portion and the other rod-
shaped end portion. The rod-shaped end portions of the
first drain electrode 175a and the second drain electrode
175b are partially surrounded by the first source elec-
trode 173a and the second source electrode 173b, re-
spectively. The third drain electrode 175c¢ is also partially
surrounded by the third source electrode 173c. The wide
one end portion of the second drain electrode 175b is
connected to the third source electrode 173c. A wide end
portion 177¢ of the third drain electrode 175c is partially
overlapped with an extension portion 137a of the storage
electrode line 131 to form an auxiliary capacitor Cas.
[0284] The first/second/third gate  electrode
124a/124b/124c, the first/second/third source electrode
173a/173b/173c, and the first/second/third drain elec-
trode 175a/175b/175¢c form one first/second/third thin
film transistor (TFT) (Qa/Qb/Qc of FIG. 4) together with
the first/second/third semiconductor 154a/154b/154c.
The channel of the thin film transistor is formed in each
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semiconductor 154a/154b/154¢c between each source
electrode 173a/173b/173c and each drain electrode
175a/175b/175c.

[0285] The passivation layer (not shown) is formed on
the data conductors 171, 175a, 175b, and 175¢c and ex-
posed portions of the semiconductors 154a, 154b, and
154c. The passivation layer is made of the insulator and
has a flat surface. The step provider providing the step
to the overlying layer is formed in the passivation layer
oftheinsulator,and in FIG. 26, the step providing grooves
185h and 185l and the cross-shaped protrusions 182h
and 182 positioned between the step providing grooves
185h and 185l are the step provider. As shown in FIG.
28, the step providing grooves 185h and 185l have aright
triangle structure and are symmetrical to each otherin a
diagonal direction. As a result, the passivation layer in-
cludes the cross-shaped protrusions 182h and 182l. The
passivation layer includes a plurality of contact holes
184a and 184b respectively exposing the wide ends of
the first drain electrode 175a and the second drain elec-
trode 175b.

[0286] The color filter may be formed under the passi-
vation layer.
[0287] A plurality of pixel electrodes 191 are formed

on the passivation layer. Each pixel electrode 191 in-
cludes the first sub-pixel electrode 191h and the second
sub-pixel electrode 1911 formed at predetermined inter-
vals.

[0288] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 1911 respectively include partial
plate electrodes 192h and 192I positioned at a center
thereof, and a plurality of minute branch electrodes 193h
and 193l protruding from the partial plate electrode 192h
and 192l in an oblique direction.

[0289] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h, and is connected to the
wide end of the drain electrode 175a outside the region
where the first sub-pixel electrode 191h is formed.
[0290] The first partial plate electrode 192h has a
rhombus shape, and each vertex of the rhombus meets
the boundary of the square region. The first partial plate
electrode 192h covers the first step providing groove
185h and the first cross-shaped protrusion 182h of the
passivation layer. As a result, the first partial plate elec-
trode 192h has the step provided by the first step provid-
ing groove 185h of the passivation layer 180 and the first
cross-shaped protrusion 182h. Here, the first cross-
shaped protrusion 182h provides the pretilt to the liquid
crystal molecules positioned at the center of the square
region thereby controls an arrangement direction of the
liquid crystal molecules and, as a result, texture is re-
duced. A plurality of first minute branch electrodes 193h
extend in the edge of the oblique direction of the first
partial plate electrode 192h. The plurality of first minute
branch electrodes 193h form an angle of 45 degrees with
respect to the gate lines 121 or the data lines 171, and
form an angle of 90 degrees with respect to the edge of
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the oblique direction of the first partial plate electrode
192h.

[0291] The second sub-pixel electrode 1911 includes
the second partial plate electrode 192| and a plurality of
second minute branch electrodes 193l, and is connected
to the wide end of the second drain electrode 175b out-
side the region where the second sub-pixel electrode is
formed.

[0292] The second partial plate electrode 192| has a
rhombus shape connecting each edge of the rectangle
region. As a result, each of the vertices of the rhombus
meets the boundary of the rectangle region. The second
partial plate electrode 192l covers the second step pro-
viding groove 185l of the passivation layer and the sec-
ond cross-shaped protrusion 182l. As a result, the sec-
ond partial plate electrode 192l has the step provided by
the second step providing groove 185l of the passivation
layer and the second cross-shaped protrusion 182I. A
plurality of second minute branch electrodes 193l extend
fromthe edge of the oblique direction of the second partial
plate electrode 192l. A plurality of second minute branch
electrodes 193l fill the rest of the region of the rectangle
region, form an angle of 45 degrees with respect to the
gate lines 121 or the data lines 171, and form an angle
of 90 15 degrees with respect to the edge of the oblique
direction of the second partial plate electrode 192l.
[0293] The first and second sub-pixel electrodes 191h
and 1911 form the first and second liquid crystal capaci-
tors (Clca and Clcb of FIG. 27) along with the common
electrode of the upper panel and the liquid crystal layer
therebetween to maintain the applied voltage after the
thin film transistors (Qa and Qb of FIG. 27) are turned off.
[0294] The first and second sub-pixel electrodes 191h
and 1911 overlap the storage electrodes 135a and 135b
to form the first and second storage capacitors Csta and
Cstb, thereby reinforcing the voltage storage capacity of
the first and second liquid crystal capacitors Clca and
Clcb.

[0295] Hereinafter, referring to FIG. 29 and FIG. 30, a
structure in which different data voltages from the tran-
sistors Qa and Qb are respectively applied to two sub-
pixels will be described.

[0296] FIG. 29 is an equivalent circuit diagram of one
pixel of a liquid crystal display according to an example
not according to the present invention, and FIG. 30 is a
layout view of a lower panel of a liquid crystal display
according to an example not according to the present
invention.

[0297] ReferringtoFIG.29andFIG. 30, the liquid crys-
tal display includes the lower panel 100 and the upper
panel 200 facing each other, and the liquid crystal layer
3 disposed between the two panels 100 and 200.
[0298] First, the lower panel 100 will be described.
[0299] A plurality of gate lines 121 and a plurality of
storage voltage lines 131 and 135 are formed on the in-
sulation substrate 110.

[0300] The gate lines 121 transmit gate signals, and
proceed roughly in the transverse direction. The gate

10

15

20

25

30

35

40

45

50

55

22

lines 121 each include a plurality of first and second gate
electrodes 124a and 124b protruded upward.

[0301] The storage electrode lines include stems 131
extending substantially parallel to the gate lines 121, and
a plurality of storage electrodes 135 protrude from the
stems 131.

[0302] The shape and disposition of the storage elec-
trode lines 131 and 135 may be altered in various ways.
[0303] A gateinsulatinglayer 140 isformed onthe gate
lines 121 and the storage electrode lines 131 and 135,
and a plurality of semiconductors 154a and 154b are
formed on the gate insulating layer 140 with amorphous
silicon or crystalline silicon.

[0304] A plurality of pairs of ohmic contacts (not shown)
are formed on the semiconductors 154a and 154b, re-
spectively. The ohmic contacts (not shown) may be
formed with silicide, or with n+ hydrogenated amorphous
silicon in which n-type impurities are doped at a high con-
centration.

[0305] A plurality of pairs of data lines 171a and 171b
and a plurality of pairs of first and second drain electrodes
175a and 175b are formed on the ohmic contacts (not
shown) and the gate insulating layer 140.

[0306] The datalines 171aand 171b transmit data sig-
nals, and proceed roughly in the vertical direction such
that they cross the gate lines 121 and the stems 131 of
the storage electrodelines. The datalines 171aand 171b
include first and second source electrodes 173a and
173b bent toward the first and second gate electrode
124a and 124b in the shape of a letter U. The first and
second source electrodes 173a and 173b face the first
and second drain electrodes 175a and 175b around the
first and second gate electrodes 124a and 124b.
[0307] The firstand second drain electrodes 175a and
175b include one-side end portions partially surrounded
by the first and second source electrodes 173aand 173b,
body portions extended upwardly from the former end
portions, and opposite-side wide end portions to be con-
nected with other layers.

[0308] Theshapeanddispositionofthedatalines171a
and 171b including the first and second drain electrodes
175a and 175b may be altered in various manners.
[0309] The first and second gate electrodes 124a and
124D, the first and second source electrodes 173a and
173b, and the first and second drain electrodes 175a and
175b form first and second thin film transistors (TFT) Qa
and Qb together with the first and second semiconduc-
tors 154a and 154b, and the channels of the first and
second thin film transistors Qa and Qb are formed at the
firstand second semiconductors 154aand 154b between
the first and second source electrodes 173a and 173b
and the firstand second drain electrodes 175a and 175b.
[0310] The ohmic contacts exist only between the un-
derlying semiconductors 154a and 154b and the overly-
ing data lines 171a and 171b and drain electrodes 175a
and 175b so as to lower the contact resistance therebe-
tween. The semiconductors 154a and 154b have ex-
posed portions not covered by the data lines 171a and



43

171b and the drain electrodes 175a and 175b, including
a portion thereof between the source electrodes 173a
and 173b and the drain electrodes 175a and 175b.
[0311] Thepassivationlayeris formed onthe datalines
171aand 171b, the drain electrodes 175a and 175b, and
the exposed semiconductors 154a and 154b. The pas-
sivation layer is made of an insulator and has a flat sur-
face. The step provider providing the step to the overlying
layer is formed in the passivation layer of the insulator,
and in FIG. 26, the step providing grooves 185h and 185l
and the cross-shaped protrusions 182h and 182| posi-
tioned between the step providing grooves 185h and 185l
are the step provider. As shown in FIG. 28, the step pro-
viding grooves 185h and 185l have a right triangle struc-
ture and are symmetrical to each other in a diagonal di-
rection. As a result, the passivation layer includes the
cross-shaped protrusions 182h and 182I.

[0312] The color filters may be formed under the pas-
sivation layer.

[0313] A plurality of pixel electrodes 191 are formed
on the passivation layer. Each pixel electrode 191 in-
cludes the first sub-pixel electrode 191h and the second
sub-pixel electrode 191I formed at predetermined inter-
vals.

[0314] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 1911 1 respectively include par-
tial plate electrodes 192h and 192| positioned at a center
thereof and a plurality of minute branch electrodes 193h
and 193| protruding from the partial plate electrode 192h
and 192l in an oblique direction.

[0315] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h, and is connected to the
drain electrode 175a outside the region where the first
sub-pixel electrode 191h is formed.

[0316] The first partial plate electrode 192h has a
rhombus shape, and each vertex of the rhombus meets
the boundary of the square region. The first partial plate
electrode 192h covers the first step providing groove
185h and the first cross-shaped protrusion 182h of the
passivation layer. As a result, the first partial plate elec-
trode 192h has the step provided by the first step provid-
ing groove 185h of the passivation layer 180 and the first
cross-shaped protrusion 182h. Here, the first cross-
shaped protrusion 182h provides the pretilt to the liquid
crystal molecules positioned at the center of the square
region, thereby controlling an arrangement direction of
the liquid crystal molecules and, as a result, texture is
reduced. A plurality of first minute branch electrodes
193h extend in the edge of the oblique direction of the
first partial plate electrode 192h. The plurality of first
minute branch electrodes 193h form an angle of 45 de-
grees with respect to the gate lines 121 or the data lines
171, and form an angle of 90 degrees with respect to the
edge of the oblique direction of the first partial plate elec-
trode 192h.

[0317] The second sub-pixel electrode 1911 includes
the second partial plate electrode 192l and a plurality of
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second minute branch electrodes 193, and is connected
to the second drain electrode 175b outside the region
where the second sub-pixel electrode is formed.

[0318] The second partial plate electrode 192| has a
rhombus shape connecting each edge of the rectangle
region. As a result, each of the vertices of the rhombus
meets the boundary of the rectangle region. The second
partial plate electrode 192| covers the second step pro-
viding groove 185l of the passivation layer and the sec-
ond cross-shaped protrusion 182l. As a result, the sec-
ond partial plate electrode 192l has the step provided by
the second step providing groove 185l of the passivation
layer and the second cross-shaped protrusion 182I. A
plurality of second minute branch electrodes 193l extend
from the edge ofthe oblique direction of the second partial
plate electrode 192l. A plurality of second minute branch
electrodes 193l fill the rest of the rectangle region, form
an angle of 45 degrees with respect to the gate lines 121
or the data lines 171, and form an angle of 9015 de-
grees with respect to the edge of the oblique direction of
the second partial plate electrode 192l.

[0319] The first and second sub-pixel electrodes 191h
and 1911 form the first and second liquid crystal capaci-
tors along with the common electrode of the upper panel
and the liquid crystal layer therebetween to maintain the
applied voltage after the thin film transistors (Q of FIG.
29) are turned off.

[0320] The first and second sub-pixel electrodes 191h
and 1911 overlap the storage electrodes 135a and 135b
to form the first and second storage capacitors Csta and
Cstb, thereby reinforcing the voltage storage capacity of
the first and second liquid crystal capacitors Clca and
Clcb.

[0321] Hereinafter, referring to FIG. 31 and FIG. 32, a
structure in which, after two sub-pixels receive the same
data voltage from the transistors Qa and Qb and then a
gray scale displayed in each sub-pixel is changed by the
capacitors Csa and Csb connected to a power source
line to swing the voltage, will be described.

[0322] FIG. 31 is an equivalent circuit diagram of one
pixel of a liquid crystal display not according to the
present invention, and FIG. 32 is a layout view of a lower
panel of a liquid crystal display not according to the
present invention.

[0323] As shown in FIG. 31, the liquid crystal display
includes the gate line GL, the data line DL, the first power
line SL1, the second power line SL2, and the first switch-
ing element Qa and the second switching element Qb
connected to the gate line GL and the data line DL.
[0324] The liquid crystal display according to an exem-
plary embodiment of the present invention further in-
cludes the assistance step-up capacitor Csa and the first
liquid crystal capacitor Clca connected to the first switch-
ing element Qa, and the assistance step-down capacitor
Csb and the second liquid crystal capacitor Clcb con-
nected to the second switching element Qb.

[0325] The first switching element Qa and the second
switching element Qb are made of a three terminal ele-
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ment, such as a thin film transistor. The first switching
element Qa and the second switching element Qb are
connected to the same gate line GL and the same data
line DL to be turned on such that the same data signals
are output at the same time.

[0326] A voltage that swings with a constant period is
applied to the first power line SL1 and the second power
line SL2. The first low voltage is applied to the first power
line SL1 during the predetermined period (for example
1H), and the first high voltage is applied to the first power
line SL1 during a next predetermined period. The second
high voltage is applied to the second power line SL2 dur-
ing the predetermined period, and the second low voltage
is applied to the second power line SL2 during the next
predetermined period. In this case, the first period and
the second period are repeated several times during one
frame, such that the voltage that swings is applied to the
first power line SL1 and the second power line SL2. In
this case, the first low voltage and the second low voltage
may be the same, and the first high voltage and the sec-
ond high voltage may be the same.

[0327] The assistance step-up capacitor Csa is con-
nected to the first switching element Qa and the first pow-
erline SL1, and the assistance step-down capacitor Csb
is connected to the second switching element Qb and
the second power line SL2.

[0328] The voltage Va of the terminal (hereinafter re-
ferred to as "the first terminal") through which the assist-
ance step-up capacitor Csa is connected to the first
switching element Qa is decreased if the first low voltage
is applied to the first power line SL1, but is increased if
the first high voltage is applied to the first power line SL1.
Next, the voltage Va of the first terminal is swung accord-
ing to the swing of the voltage of the first power line SL1.
[0329] The voltage Vb of the terminal (hereinafter re-
ferred to as "the second terminal™) through which the
assistance step-down capacitor Csb is connected to the
first switching element Qb is increased if the second high
voltage is applied to the second power line SL2, but is
decreased if the second low voltage is applied to the sec-
ond power line SL2. Next, the voltage Vb of the second
terminal is swung according to the swing of the voltage
of the second power line SL2.

[0330] As described above, although the same data
voltage is applied to two sub-pixels, the voltages Va and
Vb of the pixel electrodes of two sub-pixels are different
according to the magnitude of the voltages swung in the
first and second power lines SL1 and SL2 such that the
transmittance of the two sub-pixels is different, thereby
improving lateral visibility.

[0331] Referring to FIG. 32, the structure of the liquid
crystal display not according to the present invention will
be described.

[0332] A plurality of gate lines 121, a first power line
131a, and a second power line 131b are formed on the
first substrate (not shown) made of transparent glass or
plastic.

[0333] Thegateline 121 transmits the gate signals and
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extends mainly in the transverse direction. The gate line
121 includes the first gate electrode 124a protruding up-
ward and the second gate electrode 124b protruding
downward.

[0334] The voltage that is swung with the predeter-
mined period is applied to the first power line 131a and
the second power line 131b.

[0335] The firstlow voltage is applied to the first power
line 131a during the predetermined period (for example
1H), and the first high voltage is applied to the first power
line 131a during the next predetermined period. The sec-
ond high voltage is applied to the second power line 131b
during the predetermined period, and the second low
voltage is applied to the second power line 131b during
the next predetermined period. In this case, the first pe-
riod and the second period are repeated several times
during one frame, such that the voltage swings are re-
peatedly applied to the first power line 131a and the sec-
ond power line 131b. In this case, the first low voltage
and the second low voltage may be the same, and the
first high voltage and the second high voltage may be
the same.

[0336] The first power line 131a may be formed at an
upper side based on the gate line 121, and the second
power line 131b may be formed at a lower side based on
the gate line 121.

[0337] The gate insulating layer (not shown) is formed
on the gate line 121, the first power line 131a, and the
second power line 131b. The semiconductor island (not
shown) is formed on the gate insulating layer. The sem-
iconductor is positioned on the first and second gate elec-
trodes 124a and 124b.

[0338] The plurality of data lines 171, the first source
electrode 173a, the second source electrode 173b, the
first drain electrode 175a, and the second drain electrode
175b are formed on the semiconductor and the gate in-
sulating layer.

[0339] Thedatalines 171 transmit the data signals and
extend mainly in the longitudinal direction, thereby inter-
secting the gate lines 121 and the power lines 131a and
131b. As shown in FIG. 32, the data lines 171 are not
formed to be straight. Each data line 171 includes a first
sub-data line 171a and a second sub-data line 171b that
are connected to each other, and the first sub-data line
171a and the second sub-data line 171b are disposed at
different locations. The first sub-data line 171a is formed
along the edge of the pixel electrode 191 adjacent to the
right side of the data line 171, and the second sub-data
line 171b is formed along the edge of the pixel electrode
191 adjacent to the left side of the data line 171.

[0340] The first source electrode 173a and the second
source electrode 173b respectively protrude from the da-
taline 171 onthefirst gate electrode 124a and the second
gate electrode 124b. The first source electrode 173a and
the second source electrode 173b protrude from the
same data line 171 and thereby receive the same data
voltage. The first source electrode 173a and the second
source electrode 173b may be formed with a "U" shape.
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[0341] Thefirstdrain electrode 175a is separated from
the first source electrode 173a, and includes the bar-
shaped end facing the first source electrode 173a based
on the first gate electrode 124a and the expansion ex-
tended to partially overlap the first power line 131 a. The
bar-shaped end of the first drain electrode 175a is par-
tially enclosed by the first source electrode 173a of the
"U" shape. The extension of the first drain electrode 175a
is cross-shaped.

[0342] The second drain electrode 175b is separated
from the second source electrode 173b, and includes the
bar-shaped end facing the second source electrode 173b
based on the second gate electrode 124b and the ex-
pansion extended to partially overlap the first power line
131b. The bar-shaped end of the second drain electrode
175bis partially enclosed by the second source electrode
173b of the "U" shape. The extension of the first drain
electrode 175a is cross-shaped.

[0343] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
the first switching element (Qa of FIG. 31), and the sec-
ond gate electrode 124b, the second source electrode
173b, and the second drain electrode 175b form the sec-
ond switching element (Qb of FIG. 31).

[0344] The passivation layer is formed on the data line
171, the first and second source electrodes 173a and
173b, and the first and second drain electrodes 175a and
175b. The passivation layer is made of the insulator and
has a flat surface. The step provider providing the step
to the overlying layer is formed in the passivation layer
oftheinsulator, andin FIG. 32, the step providing grooves
185h and 185l and the cross-shaped protrusions 182h
and 182l positioned between the step providing grooves
185h and 185l are the step provider. As shown in FIG.
32, the step providing grooves 185h and 185l have a right
triangle structure and are symmetrical to each other in a
diagonal direction. As a result, the passivation layer 180
includes the cross-type protrusions 182h and 182I.
[0345] The passivation layer includes a first contact
hole 181a exposing a portion of the first drain electrode
175a and a second contact hole 181b exposing a portion
of the second drain electrode 175b.

[0346] The color filter may be formed under the passi-
vation layer.

[0347] A plurality of pixel electrodes 191 are formed
on the passivation layer. Each pixel electrode 191 in-
cludes the first sub-pixel electrode 191h and the second
sub-pixel electrode 191I formed at predetermined inter-
vals.

[0348] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 191l respectively include partial
plate electrodes 192h and 192l positioned at a center
thereof, and a plurality of minute branch electrodes 193h
and 193l protrud from the partial plate electrode 192h
and 192l in an oblique direction.

[0349] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h, and is connected to the
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extension of the first drain electrode 175a in the center
(the first partial plate electrode 192h) of the region where
the first sub-pixel electrode 191h is formed. The position
where the firstdrain electrode 175a and the first sub-pixel
electrode 191h are connected is on thefirst cross-shaped
protrusion 182hin FIG. 32. The first drain electrode 175a
and the first sub-pixel electrode 191h may be connected
through the first step providing groove 185h or at another
region.

[0350] The first partial plate electrode 192h has a
rhombus shape, and each vertex of the rhombus meets
the boundary of the quadrangle region. The first partial
plate electrode 192h covers the first step providing
groove 185h and the first cross-shaped protrusion 182h
of the passivation layer. As a result, the first partial plate
electrode 192h has the step provided by the first step
providing groove 185h of the passivation layer 180 and
the first cross-shaped protrusion 182h. Here, the first
cross-shaped protrusion 182h provides the pretilt to the
liquid crystal molecules positioned at the center of the
quadrangle region, thereby controlling an arrangement
direction of the liquid crystal molecules and, as a result,
texture is reduced. A plurality of first minute branch elec-
trodes 193h extend in the edge of the oblique direction
of the first partial plate electrode 192h. The plurality of
first minute branch electrodes 193h form an angle of 45
degrees with respect to the gate lines 121 or the data
lines 171, and form an angle of 9015 degrees with re-
spectto the edge of the oblique direction of the first partial
plate electrode 192h.

[0351] Meanwhile, the second sub-pixel electrode 1911
includes the second partial plate electrode 192| and a
plurality of second minute branch electrodes 193l, and
is connected to the extension of the second drain elec-
trode 175b in the center (the second partial plate elec-
trode 192I) of the region where the second sub-pixel elec-
trode 191lis formed. The position where the second drain
electrode 175b and the second sub-pixel electrode 191l
are connected is on the second cross-shaped protrusion
1821 in FIG. 32. However, the second drain electrode
175b and the second sub-pixel electrode 1911 may be
connected through the second step providing groove
185l or at another region.

[0352] The second partial plate electrode 192| has a
rhombus shape connecting each edge of the quadrangle
region. As a result, each of the vertices of the rhombus
meets the boundary of the quadrangle region. The sec-
ond partial plate electrode 192| covers the second step
providing groove 185l of the passivation layer and the
second cross-shaped protrusion 182I. As a result, the
second partial plate electrode 192I has the step provided
by the second step providing groove 185l of the passi-
vation layer and the second cross-shaped protrusion
182l. A plurality of second minute branch electrodes 193I
extend from the edge of the oblique direction of the sec-
ond partial plate electrode 192l. The plurality of second
minute branch electrodes 193Ifill the rest of the rectangle
region, form an angle of 45 degrees with respect to the
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gate lines 121 or the data lines 171, and form an angle
of 90 15 degrees with respect to the edge of the oblique
direction of the second partial plate electrode 192l.
[0353] Although not shown in the drawings, a common
electrode (not shown) to which a constant voltage is ap-
plied is formed on a second substrate (not shown) that
faces a first substrate while being attached thereto, and
a liquid crystal layer (not shown) is formed between the
first substrate and the second substrate.

[0354] The first sub-pixel electrode 191a and the sec-
ond sub-pixel electrode 191 b maintain the applied volt-
age even after the first and second switching elements
Qa and Qb are in an off state by forming first and second
liquid crystal capacitors Clca and Clcb in conjunction with
the common electrode that is formed on the second sub-
strate and the liquid crystal layer disposed therebetween.
[0355] The first sub-pixel electrode 191a forms the as-
sistance step-up capacitor (Csa of FIG. 31) along with
the first power line 131a and the passivation layer
dis[posed therebetween such that the voltage of the first
liquid crystal capacitor (Clca of FIG. 31) isincreased. The
second sub-pixel electrode 191b forms the assistance
step-down capacitor (Csb of FIG. 31) along with the sec-
ond power line 131b and the passivation layer interposed
therebetween such that the voltage of the second liquid
crystal capacitor (Clcb of FIG. 31) is decreased. Accord-
ing to the voltage applied to the power lines 131a and
131b, the assistance step-up capacitor (Csa of FIG. 31)
decreases the voltage of the first liquid crystal capacitor
(Clcaof FIG. 31), and the assistance step-down capacitor
(Csb of FIG. 31) increases the voltage ofthe second liquid
crystal capacitor (Clcb of FIG. 31).

[0356] The alignment layer may be formed on the first
and second substrates of the liquid crystal display, and
photoalignment (referring to FIG. 44) that controls the
alignmentdirection and alignmentangle of the liquid crys-
tal may be implemented by irradiating light to the align-
ment layer.

[0357] In FIG. 32, the portion B is a region in which
texture occurs, and luminance is higher there as com-
pared with the other regions. Accordingly, the texture ef-
fect may be decreased by covering the corresponding
portion. Among them, the vertical line portion thatcrosses
the center of the first and second sub-pixel electrodes
191a and 191 b does not have a large difference in the
luminance of the other region in view of a side and a front
thereof because the liquid crystal lies at an angle of 0
degrees. On the other hand, the horizontal line portion
that crosses the center of the first and second sub-pixel
electrodes 191 a and 191 b has a large difference in the
luminance of the other region in view of a side thereof
because the liquid crystal stands at an angle of 90 de-
grees.

[0358] Therefore, the first power line 131a and the sec-
ond power line 131b may be formed so that they cover
the horizontal line portion that crosses the center of the
first sub-pixel electrode 191a and the second sub-pixel
electrode 191 b, thereby preventing the effect by the tex-
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ture.
[0359] InFIG. 32, the structure of the data line 171 is

not formed with astraight shape to cover the texture
formed at the edge of the pixel.

[0360] Thatis, the first sub-data line 171a and the sec-
ond sub-data line 171b are alternately disposed to be
connected to each other. The first and second sub-pixel
electrodes 191a and 191b are divided into an upper part
and a lower part, respectively, the edges of the left sides
of the upper parts of the first and second sub-pixel elec-
trodes 191a and 191 b overlap the first sub-data line
171a, and the edges of the right sides of the lower parts
of the firstand second sub-pixel electrodes 191a and 191
b overlap the second sub-data line 171b. Therefore, ac-
cording to this arrangement, the texture that is formed at
the edge of the pixel may be decreased.

[0361] AsshowninFIG.1,FIG.4,FIG.7,FIG.17,and
FIG. 25t0 FIG. 32, the structure including the partial plate
electrode, the minute branch electrode, and the step pro-
vider may be applied to various examples in which one
pixel is divided into at least two sub-pixels. This may be
applied to a case where one pixel is not divided.

[0362] Inthefollowing exemplary embodiments, an ex-
emplary embodiment in which the step provider such as
the opening is formed in the color filter 230 will be de-
scribed with reference to FIG. 33 to FIG. 43.

[0363] First, aliquid crystal display according to anoth-
er exemplary embodiment of the present invention will
be described with reference to FIG. 33 to FIG. 35.
[0364] FIG. 33 isalayoutview of aliquid crystal display
according to an exemplary embodiment of the present
invention, FIG. 34 is a cross-sectional view taken along
the line XXXIV-XXXIV of FIG. 33, and FIG. 35is an equiv-
alent circuit diagram of one pixel of the liquid crystal dis-
play of FIG. 33.

[0365] ReferringtoFIG. 33 and FIG. 34, the liquid crys-
tal display according to the present exemplary embodi-
ment includes the lower panel 100 and the upper panel
200 facing each other, a liquid crystal layer 3 interposed
between the two display panels 100 and 200, and a pair
of polarizers (not shown) attached at the outer surfaces
of the display panels 100 and 200.

[0366] Now, the lower panel 100 will be described.
[0367] A plurality of gate conductors including a plu-
rality of gate lines 121, a plurality of step-down gate lines
123, and a plurality of storage electrode lines 131 are
formed on an insulation substrate 110.

[0368] The gate lines 121 and the step-down gate lines
123 transfer gate signals and mainly extend in a trans-
verse direction. Each gate line 121 includes a first gate
electrode 124h and a second gate electrode 124l pro-
truding upward and downward, and each step-down gate
line 123 includes a third gate electrode 124c protruding
upward. In the exemplary embodiment of FIG. 33, the
first gate electrode 124h and the second gate electrode
1241 are connected to each other, thereby forming one
protrusion.

[0369] The storage electrode lines 131 are mainly ex-



51 EP 2 639 634 B1 52

tended in the transverse direction, and transfer the pre-
determined voltage such as the common voltage Vcom.
The storage electrode line 131 includes the storage elec-
trodes 135a, 135b, and 135c¢, and the capacitor electrode
134 extending downward. The storage voltage line 131
includes two first longitudinal storage electrode parts
135a extending upward, a transverse storage electrode
part 135b connecting the two first longitudinal storage
electrode parts 135a, and two second longitudinal stor-
age electrode parts 135c¢ further extending upward from
the transverse storage electrode part 135b.

[0370] The first longitudinal storage electrode part
135a is formed along a longitudinal edge of the first sub-
pixel electrode 191h formed thereon, and the second lon-
gitudinal storage electrode part 135¢ is formed along the
longitudinal edge of the second sub-pixel electrode 1911
formed thereon. The transverse storage electrode part
135bis positioned between a transverse edge of the pre-
vious second sub-pixel electrode 1911 and the transverse
edge of the current first sub-pixel electrode 191h, and is
formed along the two transverse edges.

[0371] As a result, the first longitudinal storage elec-
trode part 135a and the transverse storage electrode part
135b are formed along the edge of the first sub-pixel elec-
trode 191h, thereby at least partially overlapping the first
sub-pixel electrode 191h, and the second longitudinal
storage electrode part 135c and the transverse storage
electrode part 135b are formed along the edge of the
second sub-pixel electrode 1911, thereby at least partially
overlapping the second sub-pixel electrode 1911.
[0372] In FIG. 33, the overlying transverse storage
electrode part 135b and the underlying transverse stor-
age electrode part 135b appear to be separated from
each other, but in actuality, the transverse storage elec-
trode parts 135b of the pixels PX that are adjacent up
and down are electrically connected to each other.
[0373] Agateinsulatinglayer 140 is formed on the gate
conductors 121 and 123 and the storage voltageline 131.
[0374] A plurality of semiconductors made of hydro-
genated amorphous silicon (a-Si), polysilicon, or so on,
are formed on the gate insulating layer 140. The semi-
conductors are extend mainly in the vertical direction,
and each semiconductor includes first and second sem-
iconductors 154h and 154l extending toward the first and
second gate electrodes 124h and 1241 and connected to
each other, and a third semiconductor 154¢ connected
to the second semiconductor 154l. The third semicon-
ductor 154c is extended, thereby forming a fourth semi-
conductor 157.

[0375] A plurality of ohmic contacts (not shown) are
formed on the semiconductors 154h, 154l, and 154c,
wherein the first ohmic contact (not shown) is formed on
the first semiconductor 154h, and the second ohmic con-
tact (not shown) and the third ohmic contact (not shown)
are respectively formed on the second semiconductor
1541 and the third semiconductor 154c. The third ohmic
contact is extended, thereby forming a fourth ohmic con-
tact 167.
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[0376] A data conductor including a plurality of data
lines 171, a plurality of first drain electrodes 175h, a plu-
rality of second drain electrodes 175I, and a plurality of
third drain electrodes 175c, is formed on the ohmic con-
tacts.

[0377] The data lines 171 transmit data signals and
extend in the longitudinal direction, thereby intersecting
the gate lines 121 and the step-down gate lines 123. Each
data line 171 includes a first source electrode 173h and
a second source electrode 173l extending toward a first
gate electrode 124h and a second gate electrode 124l
and connected to each other.

[0378] The firstdrain electrode 175h, the second drain
electrode 175l, and the third drain electrode 175c have
one end portion having a wide area and the other end
portion having a linear shape. The bar end portions of
the first drain electrode 175h and the second drain elec-
trode 175l are partially enclosed by the first source elec-
trode 173h and the second source electrode 173l. The
wide end portion of the second drain electrode 175l is
again extended thereby forming a third source electrode
173c having a "U" shape. The wide end portion 177¢ of
the third drain electrode 175c overlaps the capacitor elec-
trode 134, thereby forming the step-down capacitor Cstd,
and the bar end portion is partially enclosed by the third
source electrode 173c.

[0379] The first/second/third gate electrode
124h/1241/124c, the first/second/third source electrode
173h/1731/173c, and the first/second/third drain elec-
trode 175h/1751/175¢ form a first/second/third thin film
transistor (TFT) Qh/QI/Qc along with the first/sec-
ond/third semiconductor island 154h/1541/154c, and a
channel of the thin film transistor is respectively formed
in the semiconductor 154h/1541/154c between the
source electrode 173h/1731/173c and the drain electrode
175h/1751/175c.

[0380] The semiconductors, including the semicon-
ductors 154h, 1541, and 154c except for the channel
region between the source electrodes 173h, 173l, and
173c and the drain electrodes 175h, 1751, and 175c, have
substantially the same shape as the data conductors 171,
175h, 175l, and 175c¢c and the first to fourth ohmic con-
tacts. That is, the semiconductors including the semicon-
ductors 154h, 1541, and 154c have a portion that is ex-
posed without being covered by the data conductors 171,
175h, 1751, and 175c, and a portion between the source
electrodes 173h, 173l, and 173c and the drain electrodes
175h, 1751, and 175c.

[0381] A lower passivation layer (not shown) made of
an ininsulator such as silicon nitride or silicon oxide is
formed on the data conductors 171, 175h, 175l, 175c and
the exposed semiconductors 154h, 1541, and 154c.
[0382] The color filter 230 is positioned on the lower
passivation layer (not shown). Each color filter 230 is
formed in the longitudinal direction between the neigh-
boring data lines 171, and has openings 235h and 235I
overlapping the first and second sub-pixel electrodes
191h and 1911. As shown in FIG. 33, the openings 235h
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and 235l have aright triangle structure and are symmet-
rical to each other in the diagonal direction. As a result,
the color filter 230 includes a cross-shaped protrusion
232. Each color filter 230 may display one of three pri-
mary colors such as red, green, and blue, and the color
filters 230 may overlap each other on the data line 171.
[0383] An upper passivation layer 180q is formed on
the lower passivation layer (not shown) exposed by the
openings 235h and 2351 and the color filter 230. The up-
per passivation layer 180q prevents peeling of the color
filter 230, and suppresses contamination of the liquid
crystal layer 3 by an organic material of the solvent that
flows in from the color filter 230, so it prevents defects,
such as afterimages, that may occur when an image is
driven, and may be made of the ininsulator such as silicon
nitride or silicon oxide, or an organic material.

[0384] The lower passivation layer (not shown), the
colorfilter 230, and the upper passivation layer 180q have
a plurality of first contact holes 185h and a plurality of
second contact holes 185l respectively exposing the wide
ends of the first drain electrode 175h and the second
drain electrode 175I.

[0385] A plurality of pixel electrodes 191 are formed
on the upper passivation layer 180q. The pixel electrode
191 includes the first sub-pixel electrode 191h and the
second sub-pixel electrode 191l that are separated
based on two gate lines 121 and 123, are disposed up
and down the pixel area, and neighbor each other in the
column direction.

[0386] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 191l respectively include the par-
tial plate electrode 192h and 1921 and a plurality of minute
branch electrodes 193h and 193l protruding from the par-
tial plate electrode 192h and 192l in the oblique direction.
[0387] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h and a plurality of first
minute branch electrodes 193h positioned in the square
region and connected to a wide end portion of the first
drain electrode 175a by the first connection 197h extend-
ing outside the square region.

[0388] The first partial plate electrode 192h has a
rhombus shape, a center thereof is positioned at a center
of the square region, and each vertex of the rhombus
meets the boundary of the square region. The first partial
plate electrode 192h covers the opening 235h of the color
filter 230 and the first cross-shaped protrusion 232h. As
aresult, the first partial plate electrode 192h has the step
provided by the first opening 235h of the color filter 230.
Here, referring to FIG. 34, afirst cross-shaped protrusion
232h provides a pretilt to the liquid crystal molecules po-
sitioned at the center of the square region, thereby con-
trolling an arrangement direction of the liquid crystal mol-
ecules and, as a result, the texture is reduced.

[0389] Aplurality of first minute branch electrodes 193h
extendin an edge of the oblique direction of the first partial
plate electrode 192h. A plurality of first minute branch
electrodes 193h fill the rest of the square region, form an
angle of 45 degrees with respect to the gate lines 121 or
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the data lines 171, and form an angle of 90 degrees with
respect to the edge of the oblique direction of the first
partial plate electrode 192h.

[0390] In the exemplary embodiment of FIG. 33, the
first sub-pixel electrode 191h includes the first minute
branch connection 194h connecting the first partial plate
electrode 192h and the ends of a plurality of first minute
branch electrodes 193h in a longitudinal direction or a
horizontal direction. However, according to an exemplary
embodiment, the first connection 194h may be omitted,
and in this case, a plurality of first minute branch elec-
trodes 193h protrude to the outside.

[0391] On the other hand, the second sub-pixel elec-
trode 191l includes the second partial plate electrode
192l and a plurality of second minute branch electrodes
193l formed in the rectangle region having a longitudinal
edge, and is connected to the wide end portion of the
second drain electrode 1751 by the second minute branch
connection 194l extending outside the rectangle region.
[0392] The second partial plate electrode 192| has a
rhombus shape having the length of all edges being the
same, the center thereof is positioned at the center of
the rectangle region, and the left/right vertices of the ver-
tices of the rhombus meet the boundary of the rectangle
region. Longitudinal extensions 195| extending in the ver-
tical direction are connected at the remaining two vertices
of the second partial plate electrode 192I, and the other
end of the longitudinal extensions 195] meets the bound-
ary of the rectangle region. The second partial plate elec-
trode 192 covers the second opening 235l of the color
filter 230 and the second cross-shaped protrusion 232I.
As a result, the second partial plate electrode 192| has
the step provided by the second opening 235l of the color
filter 230, as shown in FIG. 33 and FIG. 34. A plurality of
second minute branch electrodes 193I extend from the
edge of the oblique direction of the second partial plate
electrode 192| and two longitudinal extensions 195I1. A
plurality of second minute branch electrodes 193l fill the
rest of the rectangle region, form an angle of 45 degrees
with respect to the gate line 121 or the data line 171, and
form an angle of 9015 degrees with respect to the edge
of the oblique direction of the second partial plate elec-
trode 192l.

[0393] In the exemplary embodiment of FIG. 32, the
second sub-pixel electrode 191l includes the second par-
tial plate electrode 192] and the second longitudinal con-
nection 1941 connecting the ends of a plurality of second
minute branch electrodes 193l in the longitudinal direc-
tion. At this time, the first longitudinal connection 194h
and the first minute branch electrode 193h form an angle
of 45 degrees. However, according to an exemplary em-
bodiment, the second longitudinal connection 194 may
be omitted and, in this case, a plurality of second minute
branch electrodes 193| protrude outside.

[0394] The first sub-pixel electrode 191h and the sec-
ond sub-pixel electrode 191l receive the data voltage
from the first drain electrode 175h and the second drain
electrode 175l through the first contact hole 185h and
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the second contact hole 185l. The first sub-pixel elec-
trode 191h and the second sub-pixel electrode 191l to
which the data voltage is applied generate an electric
field in conjunction with the common electrode 270 of the
common electrode panel 200 to determine a direction of
the liquid crystal molecules of the liquid crystal layer 3
between the two electrodes 191 and 270. As described
above, according to the determined direction of the liquid
crystal molecules, the luminance of light that passes
through the liquid crystal layer 3 is changed.

[0395] The first sub-pixel electrode 191h and the com-
mon electrode 270 form the first liquid crystal capacitor
Clch in conjunction with the liquid crystal layer 3 there-
between, and the second sub-pixel electrode 191l and
the common electrode 270 form the second liquid crystal
capacitor Clcl in conjunction with the liquid crystal layer
3 therebetween, so that the applied voltage is maintained
even though the first and second thin film transistors Qh
and QI are turned off.

[0396] The first and second sub-pixel electrodes 191h
and 1911 overlap the storage electrode 135 and the stor-
age electrode line 131 to form the first and second stor-
age capacitors Csth and Cstl, and the first and second
storage capacitors Csth and Cstl strengthen the voltage
maintaining ability of the first and second liquid crystal
capacitors Clch and Clcl.

[0397] The capacitor electrode 134 and the wide end
portion 177c of the third drain electrode 175c overlap the
gate insulating layer 140 and semiconductor layers 157
and 167 therebetween to form a voltage drop capacitor
Cstd. In another exemplary embodiment of the present
invention, the semiconductor layers 157 and 167 thatare
disposed between the capacitor electrode 134 and the
wide end portion 177c¢ of the third drain electrode 175¢
that constitute the voltage drop capacitor Cstd may be
removed.

[0398] Theloweralignmentlayer (notshown)isformed
on the pixel electrode 191 and the exposed upper pas-
sivation layer 180q. The lower alignment layer may be a
vertical alignment layer and may include the photo-reac-
tive material.

[0399] The upper panel 200 will be described below.
[0400] Thelightblocking member 220 is positioned un-
der the insulation substrate 210. The light blocking mem-
ber 220 is referred to as a black matrix and prevents light
leakage. The light blocking member 220 extends upward
and downward according to the gate line 121 and the
step-down gate line 123 and covers a region of the first
thin film transistor Qh, the second thin film transistor Ql,
and the third thin film transistor Qc, and extends accord-
ing to the data line 171 and covers the surroundings of
the data line 171. The region that is not covered by the
light blocking member 220 emits light to the outside,
thereby displaying the images.

[0401] The planarization layer 250 providing a planar
lower surface and made of the organic material is formed
under the light blocking member 220. According to the
exemplary embodiment of FIG. 34, the light blocking
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member 220 is formed in the upper panel 200, although
it may be formed in the lower panel 100 according to an
exemplary embodiment.

[0402] The common electrode 270 made of the trans-
parent conductive material is formed under the planari-
zation layer 250.

[0403] The upper alignment layer (not shown) is
formed under the common electrode 270. The upper
alignment layer may be a vertical alignment layer and
may be an alignment layer in which a photo-polymer ma-
terial is photo-aligned.

[0404] The polarizers (not shown) are formed on the
outer surface of the display panels 100 and 200, the po-
larization axes of the two polarizers are crossed, and one
polarization axis thereof may be parallel to the gate lines
121. Alternatively, the polarizer may be disposed on only
one outer surface among the two display panels 100 and
200.

[0405] The liquid crystal layer 3 has negative dielectric
anisotropy. The liquid crystal molecules of the liquid crys-
tal layer 3 are arranged such that a longitudinal axis of
the liquid crystal molecules may be perpendicular to the
surfaces of the two panels 100 and 200 in the case in
which an electric field does not exist. Therefore, the in-
cident light does not pass through the crossed polarizers
but is blocked in a state in which there is no electric field.
[0406] As described above, because the first sub-pixel
electrode 191h and the second sub-pixel electrode 191l
to which the data voltage is applied generate an electric
field in conjunction with the common electrode 270 of the
common electrode panel 200, the liquid crystal molecules
of the liquid crystal layer 3, which are aligned vertically
with respect to the surfaces of the two electrodes 191
and 270 in a state in which there is no electric field, lie in
a horizontal direction with respect to the surfaces of the
two electrodes 191 and 270, and the luminance of light
that passes through the liquid crystal layer 3 is changed
according to the degree of tilt of the liquid crystal mole-
cules.

[0407] The liquid crystal display further includes a
spacer (not shown) to maintain a cell gap between two
display panels 100 and 200, and the spacer is attached
to the upper panel 200 and may be positioned under the
common electrode 270.

[0408] The liquid crystal layer 3 disposed between the
lower panel 100 and the upper panel 200 includes liquid
crystal molecules 31 having negative dielectric anisotro-
py.

[0409] The liquid crystal layer 3 may further include a
polymer that is polymerized by light, such as ultraviolet
rays. The polymer included in the liquid crystal layer 3
provides the pretilt to the liquid crystal layer 3, and a
method providing the pretilt angle will be described in
detail in FIG. 44. That is, the liquid crystal layer 3 may
not include the polymer when the arrangement direction
is sufficiently controlled without the polymer providing the
pretilt angle. Meanwhile, according to an exemplary em-
bodiment of the present invention, the alignment layer
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formed in the upper panel 200 and the lower panel 100
may include the polymer that is polymerized by the light
such as ultraviolet rays, and the polymer may be included
through the method shown in FIG. 44. At this time, the
liquid crystal layer 3 may not include the polymer.
[0410] The exemplary embodimentof FIG. 33 includes
the upper passivation layer 180q and the lower passiva-
tionlayer (notshown). Thatis, the upper passivation layer
180qg and the lower passivation layer (not shown) are
formed on and under the color filter 230, and according
to an exemplary embodiment of the present invention,
the upper passivation layer 180q and the lower passiva-
tion layer (not shown) may both be removed or only one
passivation layer may be removed.

[0411] Next, a structure of the color filter and the pixel
electrode including the characteristics in the liquid crystal
display of FIG. 33 will be described with reference to FIG.
36.

[0412] FIG. 36 is a layout view only showing a color
filter and a pixel electrode in the liquid crystal display of
FIG. 33.

[0413] First, FIG. 36 shows the sub-pixel positioned at
the upper side of the pixel of FIG. 33, wherein CF indi-
cates the color filter and PE indicates the pixel electrode.
[0414] The color filter 230 of FIG. 36 has the opening
235. The opening 235 includes four portions having the
right triangle structure as shown in FIG. 36, disposed
diagonally across from each other. As a result, the cross-
shaped protrusion 232 is formed through the center of
the color filter 230. The color filter 230 is removed in the
opening 235 of the color filter 230, the opening 235 pro-
vides the step, and the liquid crystal molecules are ar-
ranged in the predetermined direction by the step.
[0415] The pixel electrode PE shown in FIG. 36 has
the following characteristics.

[0416] The first sub-pixel electrode 191h is formed on
the color filter 230, the first sub-pixel electrode 191h has
the step provided by the color filter 230, and the first par-
tial plate electrode 192h of the first sub-pixel electrode
191h has the step.

[0417] The first sub-pixel electrode 191h includes the
first partial plate electrode 192h positioned at the center
and a plurality of first minute branch electrodes 193h pro-
trude from the first partial plate electrode 192h in the ob-
lique direction. The first sub-pixel electrode 191h is con-
nected to the wide portion of the first drain electrode 175h
by the first connection 197h extending outside the square
region.

[0418] The first partial plate electrode 192h has a
rhombus shape and covers four first openings 235h of
the color filter 230 and the first cross-shaped protrusion
232h.

[0419] Aplurality of first minute branch electrodes 193h
extendin an edge of the oblique direction of the first partial
plate electrode 192h and form an angle of 90 degrees
by the edge of the oblique direction of the first partial
plate electrode 192h. According to an exemplary embod-
iment of the present invention, the angle between the
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edge of the oblique direction of the first partial plate elec-
trode 192h and the first minute branch electrode 193h
may be changed, and may more than 85 degrees but
less than 95 degrees.

[0420] The first sub-pixel electrode 191 h further in-
cludes the first longitudinal connection 194h connecting
the first partial plate electrode 192h and the ends of a
plurality of first minute branch electrodes 193h in the ver-
tical direction. However, the first connection 194h may
be omitted, and in this case, a plurality of first minute
branch electrodes 193h are protruded outside.

[0421] FIG. 36 shows the structure of the sum of the
pixel electrode PE and the color filter CF, having the step
as a result of the opening 235h of the color filter 230.
Referring to FIG. 34, with regard to the sum structure
CF+PE of the pixel electrode PE and the color filter CF,
the edge of the rhombus shape of the first partial plate
electrode 192h and the longest edge in the triangle shape
of four first openings 235h of the color filter 230 corre-
spond to each other. That is, the longest edge in the
triangle shape of the four firstopenings 235h is positioned
inside the edge of the rhombus shape of the first partial
plate electrode 192h.

[0422] A change of the transmission and the display
characteristic by the step provided from the color filter
will be described.

[0423] FIG. 37 and FIG. 38 are views showing an ex-
perimental result using an exemplary embodiment of the
present invention, where FIG. 37 is the experimental re-
sult of the display characteristic of a case that the step
is not formed and a case that the step is formed, and
FIG. 38 is the experimental result of the display charac-
teristic according to various steps.

[0424] First, FIG. 37 will be described.

[0425] InFIG. 37, (a) shows the display characteristic
of the case where the step is not provided from the un-
derlying layer (forexample, the color filter) and the pixel
electrode includes the partial plate electrode and the
minute branch electrode. Referring to the upper sub-pixel
of (a) of FIG. 37, the texture is formed as a cross-shape
through the wide region such that the transmittance is
decreased and the luminance is decreased and, as a
result, the texture must be covered such that the aperture
ratio is decreased.

[0426] In contrast, (b) of FIG. 37 shows the display
characteristic in the case that the step is provided. When
compared with the case of (a) of FIG. 37, although the
texture is generated, the cross-shaped texture of the
cross type has a relatively narrow width such that the
transmittance is high and the luminance is high. In FIG.
37, (a) has transmittance about 84 % and (b) has trans-
mittance of about 87 % such that the case of providing
the step has the preferable transmittance and luminance,
and the aperture ratio may be increased.

[0427] In (c) of FIG. 37, in the case of providing the
step like in (b) of FIG. 37, the arrangement direction of
the liquid crystal is controlled in the arrow direction such
that the range of the texture generation is decreased.
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[0428] When providing the step as in FIG. 37, the dis-
play characteristic is improved, and how the step is pro-
vided will be described with reference to FIG. 38.
[0429] FIG. 38 is the experimental result of the display
characteristics when the step provided from the color fil-
ter 230 has the thickness of 1000 A, 2000 A, 3000 A, and
4000 A, and the structure of FIG. 36 is applied.

[0430] As shown in FIG. 38, when the step provided
from the color filter 230 is 1000 A, the range of the texture
generation is very wide. As the step is increased, the
range of the texture generation is decreased, and when
the stepis 4000 A, the step is only generated in the region
of the cross shape. Therefore, the step provided from the
color filter 230 may be more than 4000 A.

[0431] | particular, the cross-shaped protrusion 232
formed in the color filter 230 provides the pretilt to the
liquid crystal molecules positioned at the center of the
square region, thereby controlling the arrangement di-
rection of the liquid crystal molecules such that it is pref-
erable that the height of the cross-shaped protrusion 232
is more than 4000 A. In that case, the arrangement di-
rection of the liquid crystal molecules is also controlled
in the center of the square region, and the texture may
be reduced.

[0432] According to an exemplary embodiment, the
color filter 230 may not be completely removed. That is,
the opening 235 of the triangle shape formed in the color
filter 230 is not the opening and the color filter 230 of the
predetermined thickness may be formed with aremaining
groove. The opening and the groove are referred to as
"a step provider" hereafter. When the step provider is not
the opening, butis instead the groove, the color filter may
be formed with a relatively smaller thickness than the
thickness of the surrounding color filter 230 in the groove
of the triangle shape. Also, according to an exemplary
embodiment of the present invention, the color filter that
is thinly formed in the groove of the triangle shape may
have a thickness that is gradually changed in at least one
direction.

[0433] As described above, the exemplary embodi-
ment includes the step provider (the opening or the
groove). However, the area displaying white is increased
in the exemplary embodiment where that the color filter
230 is completely removed such that the luminance and
the transmittance are increased, and thereby the aper-
ture ratio is also increased.

[0434] A pixel structure according to another exempla-
ry embodiment of the present invention will be described
with reference to FIG. 39 to FIG. 42.

[0435] FIG. 39 to FIG. 42 are layout views of a part
separated from another exemplary embodiment of the
present invention.

[0436] FIG. 39 is the exemplary embodiment in which
the size of the opening 235 of the color filter 230 and the
size of the partial plate electrode 192 are small as com-
pared with FIG. 36. As a result, in FIG. 39, the length of
the minute branch electrode 193 is relatively long and
the partial plate electrode 192 is positioned inside the

10

15

20

25

30

35

40

45

50

55

31

square region such that the longitudinal extension 195
extending in the vertical direction and the transverse ex-
tension 196 extending in the horizontal direction are
formed in the partial plate electrode 192.

[0437] The structure of the color filter 230 and the pixel
electrode 191 according to FIG. 39 is described in detail,
and the exemplary embodiment of FIG. 39 only shows
the upper sub-pixel among one pixel.

[0438] The color filter 230 is positioned on the sub-
strate 110. The thin film transistor may be formed be-
tween the colorfilter 230 and the substrate 110. The color
filter 230 has the opening 235h. The opening 235h has
arighttriangle structure, and a total of four openings 235h
are disposed to be symmetrical to each other in the di-
agonal direction. As a result, the color filter 230 includes
the cross-shaped protrusion 232h.

[0439] The first sub-pixel electrode 191h is formed on
the color filter 230. The first sub-pixel electrode 191h in-
cludes the first partial plate electrode 192h positioned at
the center and a plurality of first minute branch electrodes
193h protruding from the first partial plate electrode 192h
in the oblique direction. The first sub-pixel electrode 191h
includes the first partial plate electrode 192h and a plu-
rality of first minute branch electrodes 193h positioned
in the square region, and is connected to the output ter-
minal of the thin film transistor by the first connection
197h extending outside the square region.

[0440] The first partial plate electrode 192h has a
rhombus shape, and the center thereof is positioned at
the center of the square region. However the size thereof
is small such that the vertex of the rhombus is separated
from the boundary of the square region by a predeter-
mined distance. In each vertex of the rhombus of the first
partial plate electrode 192h, the longitudinal extension
195h and the transverse extension 196h respectively ex-
tending in the vertical direction and the horizontal direc-
tion are formed and meet the boundary of the square
region. Here, the line width of the longitudinal extension
195h and the transverse extension 196h may be the
same, and may be more than 1/3 and less than 1 times
the line width of the protrusion 232h of the cross type. In
reality, when forming the cross-shaped protrusion 232h
in the color filter 230, the cross-shaped protrusion 232h
of the cross type may have the taper structure. At this
time, if the tapered side is projected to the lower surface
(hereinafter referred to as "the line width of the tapered
side"), the line width of the tapered side may have about
1/3 of the width of the lower surface (hereinafter referred
to as "a total line width"), and in this case, the upper
surface of the tapered protrusion 232h also has the width
of about 1/3 of the width of the lower surface. In this ex-
emplary embodiment, the width of the longitudinal exten-
sion 195h and the transverse extension 196h may have
the width of the degree of the upper surface of at least
the tapered first protrusion 232h. At this time, the width
of the longitudinal extension 195h and the transverse ex-
tension 196h may have a value of more than the line
width of the tapered side surface of the protrusion 232h
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to less than the entire line width.

[0441] Meanwhile, the first partial plate electrode 192h
covers the opening 235h of the color filter 230 and the
first cross-shaped protrusion 232h. As a result, the first
partial plate electrode 192h has the step provided by the
first opening 235h of the color filter 230. That is, FIG. 39
is a view showing the pixel electrode PE and the color
filter CF in a plane view. However, the structure actually
has the step because of the opening 235h of the color
filter 230. Here, the first cross-shaped protrusion 232h
controls the arrangement direction of the liquid crystal
molecules positioned at the center of the square region,
thereby reducing the texture.

[0442] Aplurality of first minute branch electrodes 193h
are extended at the edge of the oblique direction of the
first partial plate electrode 192h, and at the longitudinal
extension 195h and the transverse extension 196h. A
plurality of first minute branch electrodes 193h fill the rest
of the square region and form the angle of 90 degrees
with respect to the edge of the oblique direction of the
first partial plate electrode 192h, the longitudinal exten-
sion 195h, and the transverse extension 196h.

[0443] The first sub-pixel electrode 191h includes the
firstlongitudinal connection 194h connecting the first par-
tial plate electrode 192h and the ends of a plurality of first
minute branch electrodes 193h in the vertical direction.
At this time, the first longitudinal connection 194h and
the first minute branch electrode 193h form an angle of
45 degrees. However, according to an exemplary em-
bodiment of the present invention, the first connection
194h may be omitted, and in this case, a plurality of first
minute branch electrodes 193h protrude to the outside.
[0444] According to an exemplary embodiment, the
angle formed by the edge of the oblique direction of the
first partial plate electrode 192h, the longitudinal exten-
sion 195h, and the transverse extension 196h and the
first minute branch electrode 193h may be changed in
the range of more than 85 to less than 95 degrees. The
angle between the first minute branch electrode 193h
and the first longitudinal connection 194h may have an
angle of more than 40 to less than 50 degrees.

[0445] In the exemplary embodiment of FIG. 39, as
shown in FIG. 44, the pretilt providing polymer 350 may
be included in the liquid crystal layer 3, and when the
step provided by the opening 235h of the color filter 230
and the pattern of the minute branch electrodes 193 only
controls the liquid crystal molecules and the texture is
not decreased, the pretilt providing polymer 350 may ad-
ditionally be used.

[0446] In the exemplary embodiment of FIG. 39, com-
pared with the exemplary embodiment of FIG. 33, FIG.
34, and FIG. 36, the size of the opening 235h of the color
filter 230 is small. However, the opening 235h that is not
formed in the color filter 230 is formed such that the white
luminance is high and the texture is reduced by control-
ling the liquid crystal molecules such that the portion to
be covered is reduced, thereby resulting in an increase
in the aperture ratio and the transmittance.
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[0447] FIG. 40 only shows the lower sub-pixel of one
pixel, and when compared with FIG. 33, the size of the
opening 235l of the color filter 230 and the size of the
partial plate electrode 192l are the same. However, the
number of openings 235| and the number of partial plate
electrodes 192l is twice that shown in FIG. 33. As aresult,
in FIG. 40, the number of openings 235l that are not
formed in the color filter 230 is increased such that the
white luminance is high, and the aperture ratio and the
transmittance are high.

[0448] The structure of the color filter 230 and the pixel
electrode 191 according to FIG. 40 will now be described
in detail.

[0449] The color filter 230 is positioned on the sub-
strate 110. The thin film transistor may be formed be-
tween the colorfilter 230 and the substrate 110. The color
filter 230 has the opening 235I. The opening 235l has the
right triangle structure, and includes an opening 235I
group that is symmetrically arranged in pairs. A total of
four openings 235I are disposed to be symmetrical to
each other in the diagonal direction, and the cross-
shaped protrusion 232l is formed by the opening 235l in
the color filter 230. The opening 235l groups that are
symmetrically arranged in pairs are disposed up and
down, and the cross-shaped protrusion 232l is connected
into a straight line.

[0450] The second sub-pixel electrode 191l is formed
on the color filter 230. The second sub-pixel electrode
191l is divided in two regions up and down, a pair of the
second partial plate electrodes 192| and a plurality of
second minute branch electrode 193l are formed for one
region, and they respectively correspond to the opening
235l group that is symmetrically arranged. The two re-
gions divide the rectangle region up and down, thereby
respectively forming the square region.

[0451] The second partial plate electrode 192| and a
plurality of second minute branch electrode 193 formed
in one region will now be described.

[0452] The second partial plate electrode 192l posi-
tioned atthe center of one region and a plurality of second
minute branch electrodes 193l protruding from the sec-
ond partial plate electrode 1921 in the oblique direction
are included. The second sub-pixel electrode 191l in-
cludes the second partial plate electrode 192I positioned
in the square region and a plurality of second minute
branch electrodes 193I.

[0453] The second partial plate electrode 192l has the
rhombus shape, the center thereof is positioned at the
center of the square region, and each vertex of the rhom-
bus meets the boundary of the square region.

[0454] The second partial plate electrode 1921 covers
the second opening 2351 of the color filter 230 and the
second cross-shaped protrusion 232I. As a result, the
second partial plate electrode 192I has the step provided
by the second opening 235l of the color filter 230. That
is, FIG. 40 is a view showing the pixel electrode PE and
the color filter CF in a plane view, having the step formed
by the opening 235l of the color filter 230. Here, the sec-
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ond cross-shaped protrusion 232l controls the arrange-
ment direction of the liquid crystal molecule positioned
at the center of the square region, thereby reducing the
texture.

[0455] A plurality of second minute branch electrodes
193l extend from the edge of the oblique direction of the
second partial plate electrode 192I. The plurality of sec-
ond minute branch electrodes 193l fill the rest of the
square region and form an angle of 90 degrees with re-
spect to the edge of the oblique direction of the second
partial plate electrode 192I.

[0456] The second sub-pixel electrode 1911 includes
the second longitudinal connection 1941 connecting the
second partial plate electrode 192l and the ends of a
plurality of second minute branch electrodes 193l in the
vertical direction. The second longitudinal connection
1941 and the second minute branch electrode 193l form
an angle of 45 degrees. However, according to an ex-
emplary embodiment of the present invention, the sec-
ond longitudinal connection 1941 may be omitted, and a
plurality of second minute branch electrode 193 may pro-
trude outside.

[0457] According to an exemplary embodiment of the
present invention, the angle between the edge of the ob-
lique direction of the second partial plate electrode 192l
and the second minute branch electrode 1931 may be
changed, and may be more than 85 degrees to less than
95 degrees. The angle between the second minute
branch electrode 193l and the second longitudinal con-
nection 1941 may be changed tobe more than 40 degrees
to less than 50 degrees.

[0458] A pairofthe second partial plate electrodes 192I
respectively formed in two regions of the second sub-
pixel electrode 1911 and a plurality of second minute
branch electrodes 193l are connected by the second lon-
gitudinal connection 1941 and have the symmetrical
structure by the second longitudinal connection 1941. The
second longitudinal connection 194l is formed along the
boundary of two up and down regions. The opening 235l
formed in the color filter 230 is positioned at the symmet-
rical position by the second longitudinal connection 194l
in the plane view. According to an exemplary embodi-
ment of the present invention, the second longitudinal
connection 1941 may be omitted, and the second partial
plate electrodes 192I and the second minute branch elec-
trodes 193] may be respectively connected directly to
each other. The second partial plate electrode 192l, a
plurality of second minute branch electrodes 193I, and
the opening 2351 have a structure that is symmetrical with
respect to an imaginary line (a line dividing the two up
and down regions) formed at the position of the second
longitudinal connection 1941.

[0459] The second sub-pixel electrode 1911 may be
connected to the output terminal of the thin film transistor
by the second connection 1971 extending from the sec-
ond partial plate electrode 192l or a plurality of second
minute branch electrode 193l in the upper direction.
[0460] In the exemplary embodiment of FIG. 40, as
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shown in FIG. 44, the pretilt providing polymer 350 may
be included in the liquid crystal layer 3, and when the
step provided by the opening 235l of the color filter 230
and the pattern of the minute branch electrode 193 con-
trols only the liquid crystal molecules and the texture is
not decreased, the pretilt providing polymer 350 may ad-
ditionally be used.

[0461] In the exemplary embodiment of FIG. 40, the
number of openings 235h in the color filter 230 is twice
that of the exemplary embodiment of FIG. 33, FIG. 34,
and FIG. 36, such that the white luminance is high and
the texture is reduced by controlling the liquid crystal mol-
ecules and, thereby, the portion to be covered is reduced,
resulting in an increase in both the aperture ratio and the
transmittance.

[0462] The exemplary embodiment of FIG. 41 shows
only the lower sub-pixel of one pixel, as in FIG. 40, and
compared with FIG. 40, the size of the opening 235l of
the color filter 230 and the size of the partial plate elec-
trode 192l are relatively small. As aresult, in FIG. 40, the
length of the minute branch electrode 193l is relatively
long, and the longitudinal extension 195l extending from
the partial plate electrode 192l in the vertical direction
and the transverse extension 196l extending in the hor-
izontal direction are formed.

[0463] The structure of the color filter 230 and the pixel
electrode 191 according to FIG. 41 will be described in
detail below.

[0464] The color filter 230 is positioned on the sub-
strate 110. The thin film transistor may be formed be-
tween the colorfilter 230 and the substrate 110. The color
filter 230 has the opening 235I. The opening 235l has the
right triangle structure, and an opening 235l group that
is symmetrically arranged in pairs is included. However,
the size of the opening 235l is smaller than that of the
exemplary embodiment of FIG. 40. In one opening 235l
group, a total of four openings 235l are disposed to be
symmetrical to each other in the diagonal direction, and
the cross-shaped protrusion 232l is formed by the open-
ing 235l in the color filter 230. The opening 235! group
thatis symmetrically arranged in pairs is disposed up and
down, and the cross-shaped protrusion 2321 is connect-
ed in a straight line.

[0465] The second sub-pixel electrode 191l is formed
on the color filter 230. The second sub-pixel electrode
191l is divided into two up and down regions, a pair of
the second partial plate electrodes 1921 and a plurality
of second minute branch electrodes 1931 are formed for
one region, and they respectively correspond to one
opening 2351 group that is symmetrically arranged. The
two regions divide the rectangle region up and down,
thereby respectively forming the square region.

[0466] The second partial plate electrode 1921 and a
plurality of second minute branch electrodes 1931
formed in one region will now be described.

[0467] The second partial plate electrode 1921 posi-
tioned atthe center of one region and a plurality of second
minute branch electrodes 1931 protruding from the sec-
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ond partial plate electrode 1921 in the oblique direction
are included. The second sub-pixel electrode 1911 in-
cludesthe second partial plate electrode 1921 positioned
in the square region, and a plurality of second minute
branch electrodes 1931.

[0468] The second partial plate electrode 1921 has the
rhombus shape and the center thereof is positioned at
the center of the square region. However, the size thereof
is smallsuch thateach vertex of the rhombus is separated
from the boundary of the square region by a predeter-
mined distance. In each vertex of the rhombus of the
second partial plate electrode 1921, the longitudinal ex-
tension 1951 and the transverse extension 1961 respec-
tively extending in the vertical direction and the horizontal
direction are formed and meet the boundary of the square
region. Here, the line width of the longitudinal extension
1951 and the transverse extension 1961 may be the
same, and may have a size of more than 1/3 and less
than 1 times that of the line width of the cross-shaped
protrusion 2321. In reality, when forming the cross-
shaped protrusion 2321 in the color filter 230, the cross-
shaped protrusions 2321 have the taper structure. If the
tapered side is projected to the lower surface (hereinaf-
ter, referred to as "the line width of the tapered side"),
the line width of the tapered side may have about 1/3 of
the width of the lower surface (hereinafter, referred to as
"a total line width"), and in this case, the upper surface
ofthe tapered protrusion 2321 also has the width of about
1/3 of the width of the lower surface. In this exemplary
embodiment of the present invention, the width of the
longitudinal extension 1951 and the transverse extension
1961 may have the width similar to that of the upper sur-
face of at least tapered protrusion 2321. The width of the
longitudinal extension 1951 and the transverse extension
1961 may have a value of more than the line width of the
tapered side surface of the protrusion 232n to less than
the entire line width.

[0469] The first partial plate electrode 1921 covers the
opening 2351 of the color filter 230 and the second cross-
shaped protrusion 2321. As a result, the second partial
plate electrode 1921 has the step provided by the first
opening 2351 of the color filter 230. That is, FIG. 41 is a
view showing the pixel electrode PE and the color filter
CF in a plane view. However, the structure has the step
because of the opening 2351 of the color filter 230. Here,
the second cross-shaped protrusion 2321 controls the
arrangement direction of the liquid crystal molecules po-
sitioned at the center of the square region, thereby re-
ducing the texture.

[0470] A plurality of second minute branch electrodes
1931 extend in the edge of the oblique direction of the
second partial plate electrode 1921, and the second lon-
gitudinal extension 1951 and the second-first transverse
extension 196'1. A plurality of second minute branch
electrodes 1931 fill the rest of the square region and form
the angle of 90 degrees with respect to the edge of the
oblique direction of the second partial plate electrode
1921, the second longitudinal extension 1951, and the
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second-first transverse extension 196’1.

[0471] The second sub-pixel electrode 1911 includes
the second longitudinal connection 1941 connecting the
second-first transverse extension 196’1 and the ends of
a plurality of second minute branch electrodes 1931 in
the vertical direction. The second longitudinal connection
1941 and the second minute branch electrode 1931 form
an angle of 45 degrees. However, according to an ex-
emplary embodiment of the present invention, the sec-
ond longitudinal connection 1941 may be omitted, and
in this case, a plurality of second minute branch elec-
trodes 1931 protrude outside.

[0472] According to an exemplary embodiment of the
present invention, the angle formed by the edge of the
oblique direction of the second partial plate electrode
1921 and the second minute branch electrode 1931 may
be changed in the range of more than 85 degrees to less
than 95 degrees. The angle between the second minute
branch electrode 1931 and the second longitudinal con-
nection 1941 may have an angle of more than 40 degrees
to less than 50 degrees.

[0473] A pair of the second partial plate electrodes
1921 respectively formed in two regions of the second
sub-pixel electrode 1911 and a plurality of second minute
branch electrodes 1931 are connected by the second
longitudinal connection 1941, and have a symmetrical
structure is formed by the second longitudinal connection
1941. The second longitudinal connection 1941 is formed
along the boundary of two up and down regions. The
opening 2351 formed in the color filter 230 is positioned
at the symmetrical position by the second longitudinal
connection 1941 in the plane view. According to an ex-
emplary embodiment of the present invention, the sec-
ond longitudinal connection 1941 may be omitted, and
the second partial plate electrodes 1921 and the second
minute branch electrodes 1931 may be respectively con-
nected directly to each other. The second partial plate
electrode 1921, a plurality of second minute branch elec-
trodes 1931, and the opening 2351 have a structure that
is symmetrical with respect to an imaginary line (a line
dividing the two up and down regions) formed at the po-
sition of the second longitudinal connection 1941.
[0474] The second sub-pixel electrode 1911 may be
connected to the output terminal of the thin film transistor,
and may have the structure connected by the second
connection 1971 extending from the second partial plate
electrode 1921 or a plurality of second minute branch
electrodes 1931 in the upper direction.

[0475] In the exemplary embodiment of FIG. 41, as
shown in FIG. 44, the pretilt providing polymer 350 may
be included in the liquid crystal layer 3, and when only
the step provided by the opening 2351 of the color filter
230 and the pattern of the minute branch electrodes 193
controls the liquid crystal molecules and the texture is
not decreased, the pretilt providing polymer 350 may ad-
ditionally be used.

[0476] In the exemplary embodiment of FIG. 40, the
number of openings 235h of the color filter 230 is twice
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that of the exemplary embodiment of FIG. 33, FIG. 34,
and FIG. 36, such that the white luminance is high and
the texture is reduced by controlling the liquid crystal mol-
ecules such that the portion to be covered is reduced,
and, as a result, the aperture ratio and the transmittance
are increased.

[0477] In FIG. 42, the step provider 235 of the color
filter 230 has a rhombus shape, and the upper common
electrode 270 has the cross shaped opening 275.
[0478] The exemplary embodiment of FIG. 42 will be
described below.

[0479] The color filter 230 is positioned on the lower
substrate 110. The thin film transistor may be formed
between the color filter 230 and the substrate 110. The
color filter 230 has the opening 235h, as opposed to an-
other exemplary embodiment, of a rhombus shape, hav-
ing the length of all edges the same in the present ex-
emplary embodiment. As a result, as in another exem-
plary embodiment, the cross-shaped protrusion is not
formed on the color filter 230.

[0480] The first sub-pixel electrode 191h is formed on
the color filter 230. The first sub-pixel electrode 191h has
the same structure as that of FIG. 36. That is, the first
partial plate electrode 192h positioned at the center and
a plurality of first minute branch electrodes 193h protrud-
ing from the first partial plate electrode 192hin the oblique
direction are included. The first sub-pixel electrode 191h
includes the first partial plate electrode 192h and a plu-
rality of first minute branch electrodes 193h positioned
in the square region, and is connected to the output ter-
minal of the thin film transistor by the first connection
197h extending outside the square region.

[0481] The first partial plate electrode 192h has a
rhombus shape, a center thereof is positioned at a center
of the square region, and each vertex of the rhombus
meets the boundary of the square region.

[0482] The first partial plate electrode 192h covers the
first opening 235h of the color filter 230, and the edge of
the oblique direction of the first opening 235h and the
edge of the oblique direction of the first partial plate elec-
trode 192h are parallel to each other. As a result, the first
partial plate electrode 192h has the step provided by the
first opening 235h of the color filter 230. That is, FIG. 42
is a view showing the pixel electrode PE and the color
filter CF in a plane view. However, itis actually a structure
having a step resulting from the opening 235h of the color
filter 230.

[0483] Aplurality of first minute branch electrodes 193h
extend in the edge of the oblique direction of the first
partial plate electrode 192h. The plurality of first minute
branch electrodes 193h fill the rest of the region and form
an angle of 90 degrees with respect to the edge of the
oblique direction of the first partial plate electrode 192h.
[0484] The first sub-pixel electrode 191h includes the
firstlongitudinal connection 194h connecting the first par-
tial plate electrode 192h and the ends of a plurality of first
minute branch electrodes 193h in a longitudinal direction
or a horizontal direction. The first longitudinal connection
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194h and the first minute branch electrode 193h form an
angle of 45 degrees. However, according to an exem-
plary embodiment of the present invention, the first lon-
gitudinal connection 194h may be omitted, and in this
case, a plurality of first minute branch electrodes 193h
may protrude to the outside.

[0485] According to an exemplary embodiment, the
angle between the edge of the oblique direction of the
first partial plate electrode 192h and the first minute
branch electrode 193h may be changed and may be more
than 85 degrees to less than 95 degrees. The first minute
branch electrode 193h and the first longitudinal connec-
tion 194h may form an angle of more than 40 degrees to
less than 50 degrees.

[0486] In the exemplary embodiment of FIG. 42, the
common electrode 270 positioned under the upper sub-
strate 210 has the opening 275. The opening 275 of the
common electrode 270 is formed corresponding to the
position of the cross-shaped protrusion formed in the
color filter 230 in another exemplary embodiment. That
is, the center of the opening of the cross shape is posi-
tioned at the center of the square region, and the opening
is extended in the up/down and right/left direction with
the same length such that the center of the opening of
the cross shape accords with the center of the first partial
plate electrode 192h.

[0487] Here, the line width of the opening 275 of the
common electrode 270 may have a size of more than 1/3
to less than 1 times that of the line width of the protrusion
232 of the cross shape formed in the color filter 230 in
another exemplary embodiment, thereby having the line
width corresponding to the line width of the longitudinal
extension 195 and the transverse extension 196 in an-
other exemplary embodiment.

[0488] The opening 275 of the cross shape formed in
the common electrode 270 controls the arrangement di-
rection of the liquid crystal molecules in the center region
at the lower region provided by the opening 235h of the
color filter 230. As a result, the texture that is generated
from the center of the square region to the cross shape
may be maximally reduced.

[0489] In the exemplary embodiment of FIG. 42, as
shown in FIG. 44, the pretilt providing polymer 350 may
be included in the liquid crystal layer 3, and at this time,
when the step provided by the opening 235h of the color
filter 230, the pattern of the minute branch electrode 193,
and the opening 275 of the common electrode 270 only
control the liquid crystal molecules but the texture is not
decreased, the pretilt providing polymer 350 may be ad-
ditionally used.

[0490] In the exemplary embodiment of FIG. 42, as
compared with another exemplary embodiment, the size
of the opening 235h of the color filter 230 is large such
thatthe white luminance is high and the texture is reduced
by controlling the liquid crystal molecules such that the
portion to be covered is reduced, resulting in an increase
in the aperture ratio and the transmittance. However, as
compared with another exemplary embodiment, the
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common electrode 270 must be etched once to form the
opening 275 such that the additional process is required.
[0491] In the exemplary embodiment of FIG. 42, as
opposed to another another exemplary embodiment, the
opening 235 of the color filter 230 has the rhombus
shape, and the common electrode 270 has the cross-
shaped opening 275. This structure may be applied to
another exemplary embodiment of FIG. 39 to FIG. 41 as
well as the exemplary embodiment of FIG. 33, FIG. 34,
and FIG. 36 like FIG. 42, and may also be applied to the
lower sub-pixel. The cross-shaped opening 275 of the
common electrode 270 is formed at the position corre-
sponding to the cross-shaped protrusion formed by the
opening 235 of the color filter 230 in each exemplary
embodiment.

[0492] Next, a cross-sectional view of the opening
235a of the color filter 230 according to another exem-
plary embodiment of the present invention will be de-
scribed with reference to FIG. 43.

[0493] FIG. 43 is a cross-sectional view of a color filter
according to another exemplary embodiment of the
present invention.

[0494] Comparing the cross-sectional view of FIG. 43
with the cross-sectional view of FIG. 34, the opening 235
of FIG. 34 does not have the taper structure such that
the side of the opening 235 where the color filter 230 is
removed has a vertical surface. However, in FIG. 43, the
side of the opening 235 has an inclined taper structure.
[0495] Usually, when forming the opening 235 in the
color filter 230, a slight taper structure is generally gen-
erated, and the angle thereof may be controlled by con-
trolling a process condition or by changing a mask (a
transflective mask, a slit mask, etc.). That is, the taper
angle (a) in FIG. 43 may be controlled, and the liquid
crystal molecule 31 may be arranged while having the
pretilt according to the corresponding taper angle (a),
thereby reducing the texture. Therefore, as shownin FIG.
44, although the pretilt providing polymer 350 is not in-
cluded in the liquid crystal layer 3, the texture may be
reduced by controlling the taper angle (o) of the side wall
of the opening 235. However, according to an exemplary
embodiment of the present invention, in contrast to the
case that the texture may not be reduced although the
taper angle (o) of the side wall of the opening 235 is
controlled, as shown in FIG. 44, the pretilt providing pol-
ymer 350 may be included in the liquid crystal layer 3.
[0496] Meanwhile, when forming the opening 235 of
the color filter 230, the side wall generally has the inclined
structure such that the color filter 230 must be sufficiently
removed to form the opening 235, with the color filter 230
completely removed in the opening 235. Referring to the
exemplary embodiments of FIG. 33 to FIG. 42 when con-
sidering this point, the minimum area of the opening 235
to be provided in one sub-pixel area is about 8 %. If the
opening 235 is formed to a value of less than 8 %, a
portion where the color filter 230 is not completely re-
moved may be generated. Referring to the exemplary
embodiments of FIG. 33 to FIG. 42, the maximum area
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of the opening 235 to be provided in one sub-pixel area
is about 50 %. Therefore, the opening 235 may formed
with an area ratio of the range of more than 8 % to less
than 50 % in the pixel area.

[0497] In FIG. 43, the cross-shaped protrusion 232 of
the color filter 230 has an inclined taper structure. If the
tapered side is projected to the lower surface (hereinafter
referred to as "the line width of the tapered side"), the
line width of the tapered side may have about 1/3 of the
width of the lower surface (hereinafter referred to as "a
total line width"), and in this case, the upper surface of
the tapered protrusion 232 also has the width of about
1/3 of the width of the lower surface.

[0498] As described above, the opening 235 of the
color filter 230 is formed as the step provider. However,
the step provider is not limited to the opening and may
be formed as a groove. That is, the color filter 230 may
remain with the predetermined thickness to form the
groove instead of the opening where the color filter 230
is completely removed, thereby forming the step provid-
er.

[0499] Meanwhile, the photo-reactive material may be
included in the liquid crystal layer or the alignment layer,
and this will be described with reference to FIG. 44.
[0500] FIG. 44 is a view of a process for providing a
pretilt to liquid crystal molecules by using a prepolymer
that is polymerized by light such as ultraviolet rays.
[0501] Referring to FIG. 44, firstly, prepolymers 330,
such as a monomer that is polymerized by light, such as
ultraviolet rays, are injected along with a liquid crystal
material between the two display panels 100 and 200.
The prepolymer 330 may be a reactive mesogen that is
polymerized by light, such as ultraviolet rays.

[0502] The data voltage is applied to the first and sec-
ond sub-pixel electrodes and a common voltage is ap-
plied to the common electrode of the upper panel 200,
thereby forming the electric field in the liquid crystal layer
3 between the two display panels 100 and 200. Thus,
the liquid crystal molecules 31 of the liquid crystal layer
3 are inclined in a predetermined direction in response
to the electric field.

[0503] As described above, if light of ultraviolet rays is
irradiated such that the liquid crystal molecules 31 of the
liquid crystal layer 3 are inclined in the predetermined
direction, the prepolymer 330 is polymerized, and as
shown in FIG. 44, the pretilt providing polymer 350 is
formed. The pretilt providing polymer 350 contacts with
the display panels 100 and 200. The liquid crystal mole-
cules 31 are determined to have the alignment direction
in the above-described direction while having the pretilt
produced by the pretilt providing polymer 350. Accord-
ingly, when the voltage is not applied to the field gener-
ating electrodes 191 and 270, the liquid crystal molecules
31 are arranged with the pretilt of four directions.
[0504] As aresult, the liquid crystal molecules 31 have
the pretilt in four directions in each region of the upper
and lower sub-pixels among the pixel.

[0505] The pretilt using the polymer, as shown in FIG.
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44, may be additionally applied when the texture is not
reduced through the control for the liquid crystal mole-
cules by the step provided by the color filter 230.
[0506] In FIG. 44, the liquid crystal layer includes the
photo-reactive material. However, the alignment layer
may include the photo-reactive material.

[0507] As described above, the partial plate electrode
is formed along with the minute pattern in the pixel elec-
trode, thereby increasing the viewing angle and the lat-
eral visibility of the liquid crystal display, as well as the
response speed, and the step provider is provided at the
colorfilter according to the invention or the overlying layer
as an example to reinforce the control force of the liquid
crystal molecules, thereby reducing the texture generat-
ed in the center of the pixel.

[0508] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention cover the modifications and variations of this
invention provided they come within the scope of the ap-
pended claims and their equivalents.

Claims
1. Aliquid crystal display comprising:

a substrate (110);

a pixel electrode(191) comprising a central part
(192h; 192l) formed as a plate and a plurality of
branches (193h; 1931) extending from the cen-
tral part (192h; 192l) and disposed on the sub-
strate (110);

an upper substrate (210) facing the substrate
(110);

a common electrode (270) disposed on the up-
per substrate (210); and

a liquid crystal layer (3) disposed between the
substrate (110) and the upper substrate (210)
and comprising liquid crystal molecules;

a color filter (230) disposed between the sub-
strate (110) and the pixel electrode (191);

a step provider disposed between the substrate
(110) and the central part (192h; 1921) of the
pixel electrode (191) and providing a step to the
overlaying part of the central part (192h; 192I)
of the pixel electrode (191) in order to control an
arrangement direction of the liquid crystal mol-
ecules atthe central part (192h; 192l) of the pixel
electrode (191);

wherein the step provider is a a cross-shaped
protrusion (232) formed by the color filter (230)
and

the common electrode (270) has a cross-
shaped opening (275) formed atthe position cor-
responding to the cross-shaped protrusion
(232).
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2. The liquid crystal display of claim 1, wherein
the step provider further comprises a step providing
groove (235) sharing a side surface with the cross-
shaped protrusion (232).

3. The liquid crystal display of claim 2, wherein
the central part electrode (192h; 1921) covers the
cross-shaped protrusion (232).

4. The liquid crystal display of claim 2, wherein
the step providing groove (235) comprises a tapered
side wall.

5. The liquid crystal display of claim 4, wherein
a shape of the central part (192h; 192I) of the pixel
electrode (191) corresponds to a shape of the step
providing groove (235).

6. The liquid crystal display of claim 5, wherein
the central part (192h; 192I) of the pixel electrode
(191) has a polygonal shape or a circular shape.

7. The liquid crystal display of claim 6, wherein
the branches (193h; 193I) are connected to the cen-
tral part (192h; 192I) at an angle.

Patentanspriiche
1. Flussigkristallanzeige, umfassend:

ein Substrat (110);

eine Pixelelektrode (191), die Folgendes um-
fasst: einen als Platte ausgebildeten zentralen
Teil (192h; 192I) und eine Vielzahl von Zweigen
(193h; 193I), die sich ausgehend vom zentralen
Teil (192h; 192I) erstrecken und auf dem Sub-
strat (110) angeordnet sind;

ein oberes Substrat (210), das dem Substrat
(110) zugewandt ist;

eine gemeinsame Elektrode (270), die auf dem
oberen Substrat (210) angeordnet ist;

eine Flussigkristallschicht (3), die zwischen dem
Substrat (110) und dem oberen Substrat (210)
angeordnet ist und Flissigkristallmolekulle um-
fasst;

einen Farbfilter (230), der zwischen dem Sub-
strat (110) und der Pixelelektrode (191) ange-
ordnet ist; und

einen Stufenbildner, der zwischen dem Substrat
(110) und dem zentralen Teil (192h; 192I) der
Pixelelektrode (191) angeordnet ist und eine
Stufe in dem darliberliegenden Teil des zentra-
len Teils (192h; 192I) der Pixelelektrode (191)
bildet, um eine Anordnungsrichtung der Flissig-
kristallmolekile im zentralen Teil (192h; 192I)
der Pixelelektrode (191) zu steuern;

wobei der Stufenbildner ein durch den Farbfilter
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(230) gebildeter kreuzférmiger Vorsprung (232)
ist und

die gemeinsame Elektrode (270) eine kreuzfor-
mige Offnung (275) aufweist, die an der Position
gebildet ist, die dem kreuzférmigen Vorsprung
(232) entspricht.

2. Flussigkristallanzeige nach Anspruch 1, wobei der
Stufenbildner ferner eine Stufenbildungsnut (235)
umfasst, die eine Seitenflache mit dem kreuzférmi-
gen Vorsprung (232) teilt.

3. Flussigkristallanzeige nach Anspruch 2, wobei die
Elektrode des zentralen Teils (192h; 1921) den kreuz-
férmigen Vorsprung (232) bedeckt.

4. Flussigkristallanzeige nach Anspruch 2, wobei die
Stufenbildungsnut (235) eine konisch zulaufende
Seitenwand umfasst.

5. Flussigkristallanzeige nach Anspruch 4, wobei eine
Form des zentralen Teils (192h; 192l) der Pixelelek-
trode (191) einer Form der Stufenbildungsnut (235)
entspricht.

6. Flussigkristallanzeige nach Anspruch 5, wobei der
zentrale Teil (192h; 1921) der Pixelelektrode (191)
eine vieleckige Form oder eine kreisférmige Form
aufweist.

7. Flussigkristallanzeige nach Anspruch 6, wobei die
Zweige (193h; 193l) mit einem Winkel mit dem zen-
tralen Teil (192h; 192l) verbunden sind.

Revendications
1. Un affichage a cristaux liquides comprenant :

Un substrat (110) ;

Une électrode a pixel (191) comprenant une par-
tie centrale (192h ; 192I)formée comme une pla-
que et une pluralité de branches (193h ; 193I)
s’étendantdepuis la partie centrale (192h ; 192I)
et disposée sur le substrat (110) ;

Un substrat supérieur (210) faisant face au
substrat (110) ;

Une électrode commune (270) disposée sur le
substrat supérieur (210) ; et

Une couche de cristaux liquides (3) disposée
entre le substrat (110) et le substrat supérieur
(210) et comprenant des molécules de cristaux
liquides ;

Un filtre de couleur (230) disposé entre le subs-
trat (110) et I'électrode a pixel (191) ;
Unfournisseur de marche disposé entre le subs-
trat (110) et la partie centrale (192h ; 192I) de
I'électrode a pixel (191) et fournissant une mar-
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che a la partie superposée sur la partie centrale
(192h ; 192l) de I'électrode a pixel (191) afin de
contrdler un sens de disposition des molécules
de cristaux liquides au niveau de la partie cen-
trale (192h ; 192l) de I'électrode a pixel (191) ;
ou le fournisseur de marche est une saillie en
forme de croix (232) formée par le filtre de cou-
leur (230) et

L’électrode commune (270) posséde une ouver-
ture en forme de croix (275) formée au niveau
de la position correspondant a la saillie en forme
de croix (232).

L’affichage a cristaux liquides de la revendication 1,
ou Le fournisseur d’étape comprend de plus une rai-
nure pour fournir une marche (235) partageant une
surface latérale avec la saillie en forme de croix
(232).

L’affichage a cristaux liquides de la revendication 2,
ou L’électrode de la partie centrale (192h ; 192I) cou-
vre la saillie en forme de croix (232).

L’affichage a cristaux liquides de la revendication 2,
ou La rainure fournissant une marche (235) com-
prend une paroi latérale conique.

L’affichage a cristaux liquides de la revendication 4,
ou Une forme de la partie centrale (192h ; 192l) de
I’électrode a pixel (191) correspond a une forme de
rainure fournissant une marche (235).

L’affichage a cristaux liquides de la revendication 5,
ou La partie centrale (192h ; 192l) de I'électrode a
pixel (191) posséde une forme polygonale ou une
forme circulaire.

L’affichage a cristaux liquides de la revendication 6,
ou Les branches (193h ; 193l) sont connectées a la
partie centrale (192h ; 192I) en angle.
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