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ABSTRACT

(1)

(52)
7

A liquid crystal display according to an exemplary embodi-
ment of the present invention includes: a pixel electrode
including a first subpixel electrode and a second subpixel
electrode with a gap therebetween; a common electrode fac-
ing the pixel electrode; and a liquid crystal layer formed
between the pixel electrode and the common electrode, and
including a plurality of liquid crystal molecules, wherein the
first and second subpixel electrodes include a plurality of
minute branches, the first and second subpixel electrodes
include a plurality of subregions having different length
directions of the minute branches, and the width ofthe minute
branches is wider than an interval between the neighboring
minute branches.
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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2009-0008417, filed on
Feb. 3, 2009, which is hereby incorporated by reference forall
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display (LCD) is one type of the
widely used flat panel displays (FPDs). The LCD is com-
posed of two display panels on which field generating elec-
trodes such as pixel electrodes and a common electrode are
formed, and a liquid crystal layer is disposed between the two
display panels. In the liquid crystal display, voltages are
applied to the field generating electrodes to generate an elec-
tric field over the liquid crystal layer, which determines the
alignment of liquid crystal molecules of the liquid crystal
layer. Accordingly, the polarization of incident light is con-
trolled, thereby performing image display.

[0006] A vertical alignment mode LCD, which arranges
major axes of liquid crystal molecules perpendicular to the
display panel in a state in which the electric field is not
applied, has been developed.

[0007] Inthe VA mode LCD, the important issue of a wide
viewing angle can be realized by forming cutouts such as
minute slits in the field-generating electrodes and protrusions
on the field-generating electrodes. Since the cutouts and pro-
trusions can determine the tilt directions of the liquid crystal
molecules, the tilt directions can be distributed into various
directions by using the cutouts and protrusions such that the
reference viewing angle is widened.

[0008] Also, a method for providing a pretilt to the liquid
crystal molecules in the absence of an electric field has been
developed to improve the response speed of the liquid crystal
while realizing the wide viewing angle. For the liquid crystal
molecules to have the pretilt in various directions, alignment
layers having various alignment directions may be used, or
the liquid crystal layer is applied with an electric field and a
thermal or light-hardened material is added, and light may be
irradiated to slope the liquid crystal molecules in predeter-
mined directions.

[0009] On the other hand, the VA mode liquid crystal dis-
play has lower side visibility compared with front visibility,
such that one pixel is divided into two subpixels and different
voltages are applied to the subpixels to solve this problem.
[0010] 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 part of the prior art.

SUMMARY OF THE INVENTION

[0011] Exemplary embodiments of the present invention
provide a liquid crystal display having a wide viewing angle
and a fast response speed, as well as excellent visibility and
transmittance.

Aug. 5,2010

[0012] 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 practice of the
invention.

[0013] A liquid crystal display according to an exemplary
embodiment of the present invention includes a pixel elec-
trode including a first subpixel electrode and a second sub-
pixel electrode with a gap therebetween. A common electrode
faces the pixel electrode and a liquid crystal layer is formed
between the pixel electrode and the common electrode. The
liquid crystal layer includes a plurality of liquid crystal mol-
ecules. The first subpixel electrode and the second subpixel
electrode include a plurality of minute branches. The first
subpixel electrode and the second subpixel electrode include
a plurality of subregions having different length directions of
the minute branches, and the width of the minute branches is
wider than the interval between neighboring minute
branches. It is to be understood that both the foregoing gen-
eral description and the following detailed description are
exemplary and explanatory and are intended to provide fur-
ther explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0015] FIG. 1is an equivalent circuit diagram of one pixel
in a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0016] FIG. 2 is a layout view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0017] FIG. 3 is a cross-sectional view of the liquid crystal
display shown in FIG. 2 taken along line III-1I1.

[0018] FIG.4isatop plan view showing the pixel electrode
of the liquid crystal display shown in FIG. 2.

[0019] FIG. 5 is a top plan view of a basic electrode of the
pixel electrode according to an exemplary embodiment of the
present invention.

[0020] FIG. 6 is an enlarged view of portion A of the basic
electrode shown in FIG. 5.

[0021] FIG. 7 is a view showing a process of providing a
pretilt angle to liquid crystal molecules by using prepolymers
that are polarized by light such as ultraviolet rays.

[0022] FIG. 8 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

[0023] FIG. 9 is a top plan view of a pixel electrode of the
liquid crystal display shown in

[0024] FIG. 8.

[0025] FIG.10is anenlarged view of portion A' ofthe basic
electrode shown in FIG. 9.

[0026] FIG. 11 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

[0027] FIG. 12 is a top plan view of a pixel electrode of the
liquid crystal display shown in FIG. 11.

[0028] FIG. 13 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

[0029] FIG. 14 is a top plan view of a pixel electrode of the
liquid crystal display shown in FIG. 13.
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[0030] FIG. 15 is a graph showing a transmittance result of
a liquid crystal display according to one experimental
example of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0031] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary 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 embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure is thorough, and will fully convey
the scope of the invention to those skilled in the art. In the
drawings, the size and relative sizes of layers, films, panels,
regions, etc., may be exaggerated for clarity. Like reference
numerals in the drawings denote like elements.

[0032] Itwill be understood that when an element 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 ele-
ments may be present. In contrast, when an element is
referred to as being “directly on” or “directly connected to”
another element, there are no intervening elements present.
[0033] FIG. 1 is an equivalent circuit diagram of one pixel
in a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0034] Referring to FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes signal lines including a plurality of gate lines GL, a
plurality of pairs of data lines DLa and DLb, and a plurality of
storage electrode lines SL, and a plurality of pixels PX con-
nected to the signal lines. From the point of view of a struc-
ture, the liquid crystal display includes a lower panel 100 and
an upper panel 200 facing each other, and a liquid crystal
layer 3 interposed therebetween.

[0035] Each pixel PX includes a pair of subpixels PXa and
PXb. Each subpixel PXa and PXb has a respective switching
element Qa and Qb, liquid crystal capacitor Clca and Clcb,
and storage capacitor Csta and Cstb.

[0036] Each switching element Qa and Qb is a three-termi-
nal element such as a thin film transistor provided on the
lower panel 100, having a control terminal connected to the
gate line GL, an input terminal connected to the respective
data line DLa and DLb, and an output terminal connected to
the respective liquid crystal capacitor Clca and Clcb and the
respective storage capacitor Csta and Cstb.

[0037] Each liquid crystal capacitor Clca and Clcb uses a
respective subpixel electrode 191a and 1916 and a common
electrode 270 as two terminals. The liquid crystal layer 3
between the electrodes 191a and 1915 and 270 functions as a
dielectric material.

[0038] Each storage capacitor Csta and Cstb serving as an
assistant to the respective liquid crystal capacitor Clca and
Clcb is formed as a storage electrode line SL provided on the
lower display panel 100 and overlaps with the respective
subpixel electrode 191a and 1915 with an insulator inter-
posed therebetween, and a predetermined voltage such as the
common voltage Vcom is applied thereto.

[0039] A predetermined difference is generated between
voltages charged to the two liquid crystal capacitors Clca and
Clcb. For example, the data voltage applied to the liquid
crystal capacitor Clca is less than or greater than the data
voltage applied to the liquid crystal capacitor Clcb. Therefore,

Aug. 5,2010

when the voltages of the first liquid crystal capacitor Clca and
the second liquid crystal capacitor Clcb are appropriately
adjusted, it is possible to make an image viewed from the side
be as similar as possible to an image viewed from the front,
and as a result, it is possible to improve the side visibility.
[0040] Next, aliquid crystal display according to an exem-
plary embodiment of the present invention will be described
in detail with reference to FIG. 2, FIG. 3, FIG. 4, FIG. 5 and
FIG. 6.

[0041] FIG. 2 is a layout view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, FIG. 3 is a cross-sectional view of the liquid crystal
display shown in FIG. 2 taken along line I1I-111, FIG. 4 is a top
plan view showing the pixel electrode of the liquid crystal
display show in FIG. 2, FIG. 5 is a top plan view of a basic
electrode of the pixel electrode according to an exemplary
embodiment of the present invention, and FIG. 6 is an
enlarged view of portion A of the basic electrode shown in
FIG. 5.

[0042] Referring to FIG. 2 and FIG. 3, a liquid crystal
display according to an exemplary embodiment of the present
invention includes the lower panel 100 and the upper panel
200 facing each other, and the liquid crystal layer 3 interposed
between two display panels 100 and 200.

[0043] Firstly, the lower panel 100 will be described.
[0044] A plurality of gate lines 121 and a plurality of stor-
age electrode lines 131 are formed on an insulating substrate
110.

[0045] The gate lines 121 transmit gate signals and are
substantially extended in the transverse direction. Each gate
line 121 includes a plurality of first gate electrodes 124a and
second gate electrodes 1245 protruding upward.

[0046] The storage electrode lines 131 include a stem
extending substantially parallel to the gate lines 121, and a
plurality of branches extended from the stem. Each branch
includes a longitudinal portion 137, a hook-shaped portion
135, an expansion 138, a first storage electrode 133a, and a
second storage electrode 1335.

[0047] The longitudinal portion 137 is extended upward
and downward from the stem (hereinafter, an imaginary
straight line in the direction that the longitudinal portion 137
is extended is referred as a “longitudinal central line”).
[0048] The hook-shaped portion 135 is substantially rect-
angular, and an upper edge thereof vertically meets the lon-
gitudinal portion 137.

[0049] The first storage electrode 133a extends in a trans-
verse direction from a center of a left edge of the hook-shaped
portion 135 to a center of a right edge, and has a width wider
than the longitudinal portion 137 or the hook-shaped portion
135. The first storage electrode 133a and the longitudinal
portion 137 vertically meet each other.

[0050] The left edge of the hook-shaped portion 135 is
connected to the second storage electrode 1335 through the
expansion 138 that is extended downward and is curved in the
right direction. The width of the second storage electrode
13354 is expanded and is extended substantially parallel to the
first storage electrode 133a in the transverse direction.
[0051] However, the shapes and arrangements of the stor-
age electrode lines 131, 1334, 133,135,137, and 138 may be
modified in various forms.

[0052] A gate insulating layer 140 is formed on the gate
lines 121 and the storage electrode lines 131, 133a,1335, 135,
137, and 138, and a plurality of semiconductors 154a and
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154b preferably made of amorphous or crystallized silicon
are formed on the gate insulating layer 140.

[0053] A plurality of pairs of ohmic contacts 1635 and 1655
are formed on the first semiconductor 15454, and the ohmic
contacts 1635 and 16556 may be formed of a material such as
n+ hydrogenated amorphous silicon in which an n-type impu-
rity is doped with a high concentration, or of silicide.

[0054] A plurality of pairs of data lines 171a and 1715 and
a plurality of pairs of first drain electrodes 175a and second
drain electrodes 1755 are formed on the ohmic contacts 1635
and 1655, and on the gate insulating layer 140.

[0055] The data lines 171a and 1715 transmit data signals,
extend substantially in the longitudinal direction, and cross
the gate lines 121 and the storage electrode lines 131. Each
data line 171a and 17154 includes a plurality of first source
electrodes 173a and second source electrodes 1735 extending
toward the respective first gate electrodes 124a and second
gate electrodes 1245 and are curved with a “U” shape. The
first source electrodes 173a and the second source electrodes
173b are opposite to the respective first drain electrodes 175a
and second drain electrodes 1755 with respect to the first gate
electrodes 124a and the second gate electrodes 1244.

[0056] Each first drain electrode 175a starts from one end
enclosed by the first source electrode 173a, extends upward,
curves in the left direction according to the upper edge of the
second storage electrode 13354, and again extends upward
near the longitudinal central line to form the other end. The
other end of the first drain electrode 1754 is extended to where
the second storage electrode 1334 is disposed, and has a wide
area for connection with another layer.

[0057] Each second drain electrode 1755 starts from one
end enclosed by the second source electrode 1735, extends
upward to the second storage electrode 1335, curves in the
right direction, extends according to the lower edge of the
second storage electrode 1335, expands with a wide area near
the longitudinal central line, and again extends downward.
[0058] However, the shapes and arrangements of the first
drain electrodes 175a and the second drain electrodes 17556
and the data lines 171a and 1715 may be modified in various
forms.

[0059] A first gate electrode 1244 and a second gate elec-
trode 124b, a first source electrode 173a and a second source
electrode 1735, and a first drain electrode 175a and a second
drain electrode 1755 respectively form a first thin film tran-
sistor (TFT) Qa and a second TFT Qb along with a first
semiconductor 154a and a second semiconductor 1545, and a
channel of the first TFT Qa and the second TFT Qb is formed
on the first semiconductor 154a and the second semiconduc-
tor 1545 between the first source electrode 173a and the
second source electrode 1735 and the first drain electrode
175a and the second drain electrode 1755.

[0060] The ohmic contacts 1635 and 1655 are interposed
only between the underlying semiconductor islands 154a and
1545, and the overlying data lines 171a and 1715 and drain
electrodes 175a and 1756, and reduce contact resistance
between them. The semiconductors 154a and 1545 have a
portion that is exposed without being covered by the data
lines 171a and 1715 and the drain electrodes 175a and 1755,
and a portion between the source electrodes 173a and 1735
and the respective drain electrodes 175a and 1755.

[0061] A lower passivation layer 180p preferably made of
silicon nitride or silicon oxide is formed on the data lines 171a
and 17154, the drain electrodes 175a and 1756, and the
exposed portions of the semiconductors 154a and 1545.
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[0062] A plurality of light blocking members 220 referred
to as a black matrix and separated by a predetermined interval
from each other are formed on the lower passivation layer
180p. The light blocking members 220 may include a stripe
portion extending upward and downward, and a quadrangle
portion corresponding to the thin film transistor, and they
prevent light leakage.

[0063] A plurality of color filters 230 are formed on the
lower passivation layer 180p and the light blocking members
220. The color filters 230 are mostly formed in a region
surrounded by the light blocking members 220. The color
filters 230 have a plurality of holes 235a and 2355 disposed on
the first drain electrodes 175a and the second drain electrodes
175b, and a plurality of openings 233a and 2334 disposed on
the first storage electrodes 133a and the second storage elec-
trodes 1335. The opening 233a and 2335 reduce the thickness
of the dielectric material forming the storage capacitors Csta
and Cstb such that the storage capacitance may be increased.
[0064] Here, the lower passivation layer 180p may prevent
the pigments of the color filters 230 from flowing into the
exposed semiconductors 154a and 1545.

[0065] An upper passivation layer 180¢ is formed on the
light blocking members 220 and the color filters 230. The
upper passivation layer 180¢ may be made of an inorganic
insulating material such as silicon nitride or silicon oxide, and
prevents the color filters 230 from lifting and suppresses
contamination of the liquid crystal layer 3 by organic material
such as a solvent flowing from the color filters 230 such that
defects such as an afterimage that may be generated during
driving may be prevented.

[0066] However, at least one of the light blocking members
220 and the color filters 230 may be disposed on the upper
panel 200, and one of the lower passivation layer 180p and the
upper passivation layer 180¢ of the lower panel 100 may be
omitted in this case.

[0067] The upper passivation layer 180¢ and the lower
passivation layer 180p have a plurality of contact holes 1854
and 1856 respectively exposing the first drain electrodes 175a
and the second drain electrodes 1755.

[0068] A plurality of pixel electrodes 191 are formed on the
upper passivation layer 180¢, and the above-described color
filters 230 may be extended according to a column of the pixel
electrodes 191.

[0069] Referring to FIG. 4, each pixel electrode 191
includes the first subpixel electrode 191a and the second
subpixel electrode 1915 that are separated from each other by
a gap 91 of a quadrangular belt shape, and each first subpixel
electrode 191a and each second subpixel electrode 1915
respectively include a basic electrode 199 shown in FIG. 5, or
at least one modification thereof.

[0070] Next, the basic electrode 199 will be described in
detail with reference to FIG. 5.

[0071] As shown in FIG. 5, the overall shape of the basic
electrode 199 is a quadrangle, and it includes a cross-shaped
stem having a transverse stem 193 and a longitudinal stem
192 that are crossed. Also, the basic electrode 199 is divided
into a first subregion Da, a second subregion Db, a third
subregion Dc, and a fourth subregion Dd by the transverse
stem 193 and the longitudinal stem 192. The first subregion
Da includes a plurality of first minute branches 194aq, the
second subregion Db includes a plurality of second minute
branches 1945, the third subregion Dc includes a plurality of
third minute branches 194¢, and the fourth subregion Dd
includes a plurality of fourth minute branches 1944.
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[0072] The first minute branches 194a obliquely extend
from the transverse stem 193 or the longitudinal stem 192 in
the upper-left direction, and the second minute branches 1945
obliquely extend from the transverse stem 193 or the longi-
tudinal stem 192 in the upper-right direction. Also, the third
minute branches 194¢ obliquely extend from the transverse
stem 193 or the longitudinal stem 192 in the lower-left direc-
tion, and the fourth minute branches 1944 obliquely extend
from the transverse stem 193 or the longitudinal stem 192 in
the lower-right direction.

[0073] The first minute branches 194a, the second minute
branches 19454, the third minute branches 1945 and the fourth
minute branches 194d form an angle of about 45 degrees or
135 degrees with the gate lines 121 or the transverse stem 193.
Also, the minute branches 194a, 1945, 194c¢ and 194d of two
neighboring subregions Da, Db, D¢ and Dd may be crossed.
[0074] Next, widths of the minute branches 194a, 1945,
194¢ and 1944 of the pixel electrodes 191 of the liquid crystal
display according to an exemplary embodiment of the present
invention, and intervals between neighboring minute
branches 194a, 1945, 194¢ and 1944 within each subregion
Da, Db, Dc and Dd, will be described with reference to FIG.
6. FIG. 6 is an enlarged view of portion A of the basic elec-
trode shown in FIG. 5.

[0075] As shown in FIG. 6 using the minute branches 1945
ofthe second subregion Db for illustration, the width d1 of the
minute branches 194a, 1945, 194¢ and 194d of the liquid
crystal display according to an exemplary embodiment of the
present invention may be wider than the interval d2 between
the neighboring minute branches 194a, 1945, 194¢, 1944 in
each of the respective subregions Da, Db, Dc and Dd. Also,
the ratio d1/d2 of the width d1 of the minute branches 194a,
1945, 194c¢, 1944 to the width of the interval d2 between
respective neighboring minute branches 194a, 19456, 194c,
1944 may be changed according to the sum of the width d1 of
the minute branches 1944, 1945, 194c¢, 1944 and the interval
d2 between the respective neighboring minute branches
194a, 1945, 194c, 1944.

[0076] Indetail, whenthe sum ofthe width d1 ofthe minute
branches 194a, 1945, 194¢, 1944 and the interval d2 between
respective neighboring minute branches 194a, 19456, 194c,
1944 in the liquid crystal display according to an exemplary
embodiment of the present invention is in a range from about
6 um to 6.5 pm, the ratio d1/d2 of the width d1 of the minute
branches 194a, 1945, 194¢, 1944 to the interval d2 between
respective neighboring minute branches 194a, 19456, 194c,
1944 may be in a range from about 1.2 to 1.35. Also, when the
sum of the width d1 of the minute branches 194a, 1945, 194c,
1944 and the interval d2 between respective neighboring
minute branches 194a, 1945, 194c¢, 1944 is in a range from
about 6.5 pm to 7 um, the ratio d1/d2 of the width d1 of the
minute branches 194a, 1945, 194c¢, 194d to the interval d2
between respective neighboring minute branches 194a, 1945,
194¢, 194d may be in a range from about 1.35 to 1.5. Further,
when the sum of the width d1 of the minute branches 194a,
194b, 194¢, 194d and the interval d2 between respective
neighboring minute branches 194a, 1945, 194¢, 194d is in a
range from about 5 pm to 6 um, the ratio d1/d2 of the width d1
of the minute branches 194a, 1945, 194¢, 1944 to the interval
d2 between respective neighboring minute branches 194a,
1945,194¢, 1944 may be in a range from about 1.05to 1.2. In
addition, when the sum ofthe width d1 of the minute branches
194a, 1945, 194¢, 194d and the interval d2 between respec-
tive neighboring minute branches 194a, 1945, 194c¢, 1944 is
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greater than 7 um, the ratio d1/d2 of the width d1 of the minute
branches 194a, 1945, 194¢, 1944 to the interval d2 between
the respective neighboring minute branches 194a, 1945,
194¢, 194d may be greater than 1.5.

[0077] Again, referring to FIG. 2, FIG. 3, FIG. 4 and FIG.
5, the first subpixel electrode 1914 includes one basic elec-
trode 199. The transverse stem 193 of the basic electrode 199
forming the first subpixel electrode 191a expands downward
and upward to form a first expansion 193a, and the first
expansion 193a overlaps the first storage electrode 133a.
Also, a protrusion that protrudes downward for easy contact
with the first drain electrode 1754 is formed in the center of
the downward edge of the first expansion 193a.

[0078] The second subpixel electrode 1915 includes an
upper electrode 191bu and a lower electrode 19155, and the
upper electrode 191bu and the lower electrode 19165 each
include one basic electrode 199. The upper electrode 191bu
and the lower electrode 19155 are connected to each other
through a left connection 1954 and a right connection 1955.
[0079] The second subpixel electrode 1915 encloses the
first subpixel electrode 191a with the gap 91 therebetween. A
portion of the center of the transverse stem of the lower
electrode 19166 extends upward and downward to form a
second expansion 19355 overlapping the second storage elec-
trode 1335. Also, a protrusion that protrudes downward for
easy contact with the second drain electrode 1756 is formed in
the center of the downward edge of the second expansion
193bb.

[0080] The area of the second subpixel electrode 1915 may
beabout 1.0to 2.2 times the area of the first subpixel electrode
191a.

[0081] Each first subpixel electrode 1914 and second sub-
pixel electrode 1915 is physically and electrically connected
to the respective first drain electrode 1754 and second drain
electrode 1755 through the respective contact holes 185a and
1855, and receives data voltages from the respective first
drain electrode 175a and second drain electrode 1754.
[0082] On the other hand, the upper electrode 191bu may
be directly applied with the data voltages from the second
drain electrode 17554. In this case, the second drain electrode
1756 extends to the upper electrode 191bu, and a contact hole
(not shown) for contact of the upper electrode 1915w and the
second drain electrode 17554 is required. In this case, the left
and right connections 195a and 1955 are not necessary.

[0083] An alignment layer 11 is formed on the pixel elec-
trodes 191.

[0084] Next, the upper panel 200 will be described.
[0085] The common electrode 270 is formed on an insulat-

ing substrate 210, and an alignment layer 21 is formed
thereon.

[0086] Each of the alignment layers 11 and 21 may be a
vertical alignment layer.

[0087] Finally, polarizers (not shown) may be provided on
the outer surface of the display panels 100 and 200.

[0088] The liquid crystal layer 3 interposed between the
lower panel 100 and the upper panel 200 includes liquid
crystal molecules 310 and polymers 350 and 370 having
negative dielectric anisotropy (see FIG. 7).

[0089] Theliquid crystal molecules 310 are pretilted by the
polymers 350 and 370 for the long axis thereof to be about
parallel to the length direction of respective first minute
branches 194a, second minute branches 1945, third minute
branches 194¢ and fourth minute branches 1944 of the first
subpixel electrode 191a and the second subpixel electrode
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1915. The liquid crystal molecules 310 are aligned vertically
with respect to the surfaces of the two display panels 100 and
200. Accordingly, the first and second subpixels PXa and PXb
respectively include four subregions Da, Db, Dc and Dd
having different pretilt directions of the liquid crystal.

[0090] Ifthe gatelines 121 are applied with the gate signals,
the data voltage is applied to the first subpixel electrodes 191a
and the second subpixel electrodes 19154 through the data
lines 171a and 1715. Then, the first subpixel electrodes 191a
and the second subpixel electrodes 1915 applied with the data
voltage and the common electrode 270 applied with the com-
mon voltage generate an electric field to the liquid crystal
layer 3. Accordingly, the liquid crystal molecules 310 of the
liquid crystal layer 3 are arranged in response of the electric
field such that the major axes of the liquid crystal molecules
310 tend to change the direction to be perpendicular to the
direction of the electric field. The inclination degree of the
liquid crystal molecules 310 changes the degree of polariza-
tion of light incident to the liquid crystal layer 3. The change
in degree of polarization is proportional to the inclination
degree of the liquid crystal molecules 310, and this change of
the incident light polarization is represented with a change of
transmittance by a polarizer, and thereby a liquid crystal
display displays an image.

[0091] On the other hand, the edges of the minute branches
194a, 1945, 194c¢, 194d distort the electric field to make
horizontal components of the electric field perpendicular to
the edges of the minute branches 194a, 1945, 194¢, 1944, and
the inclination direction of the liquid crystal molecules 310 is
determined in the direction determined by the horizontal
components of the electric field. Accordingly, the liquid crys-
tal molecules 310 firstly tend to tilt in the direction perpen-
dicular to the edges of the minute branches 1944, 1945, 194c¢,
194d. However, the directions of the horizontal components
of the electric field by the respective neighboring minute
branches 194a, 1945, 194¢, 194d are opposite to each other
and the intervals d2 between the respective minute branches
194a,1945b,194¢,194d are narrow such that the liquid crystal
molecules 310 which tend to arrange in the opposite direc-
tions are tilted in the direction parallel to the length direction
ofthe minute branches 194a, 1945, 194¢, 194d. Accordingly,
as the exemplary embodiment of the present invention, if the
liquid crystal molecules 310 are initially not pretilted in the
length direction of the minute branches 194a, 1945, 194c,
1944, the liquid crystal molecules 310 are tilted in the length
direction of the minute branches 194a, 1945, 194c¢, 1944
through two steps. However, in the present exemplary
embodiment, the liquid crystal molecules 310 are already
pretilted in the direction parallel to the length direction of the
minute branches 194a, 1945, 194¢, 1944 such that the liquid
crystal molecules 310 are not tilted in the direction parallel to
the length direction of the minute branches 194a, 1945, 194c,
194d through two steps, but are tilted in the pretilted direction
through one step. Therefore, if the liquid crystal molecules
310 are provided to have the pretilt, they are tilted in the
required direction one time such that the response speed of the
liquid crystal display may be improved.

[0092] Also, in an exemplary embodiment of the present
invention, the length directions in which the minute branches
194a, 1945, 194c¢, 1944 are extended in one pixel PX are all
four directions such that the inclined directions of the liquid
crystal molecules 310 are in all four directions. Therefore, the
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viewing angle of the liquid crystal display is widened by
varying the inclined directions of the liquid crystal molecules
310.

[0093] On the other hand, the transmittance of the liquid
crystal display is increased with the increasing of the width d1
of'the first minute branches 1944, the second minute branches
1945, the third minute branches 194¢ and the fourth minute
branches 1944 and the decreasing of the interval d2 between
respective neighboring minute branches 194a, 1945, 194c,
1944 within respective subregions Da, Db, Dc and Dd, how-
ever if the interval d2 between respective neighboring first
minute branches 194a, second minute branches 1945, third
minute branches 194¢ and fourth minute branches 1944 is
excessively large compared with the width d1 of the minute
branches 194a, 1945, 194¢, 1944, it is difficult for the liquid
crystal molecules to be inclined in the direction parallel to the
length direction of the minute branches 194a, 1945, 194c¢,
194d. Accordingly, the width d1 of the first minute branches
194a, the second minute branches 1945, the third minute
branches 194¢ and the fourth minute branches 1944 and the
interval d2 between respective neighboring minute branches
194a, 1945, 194¢, 1944 are controlled to increase the trans-
mittance of the liquid crystal display while controlling the
liquid crystal molecules 310 to be inclined in the length
direction of the minute branches 194a, 1945, 194¢, 194d such
that the transmittance of the liquid crystal display may be
increased.

[0094] As above-described, in the liquid crystal display
according to an exemplary embodiment of the present inven-
tion, when the sum of the width d1 of the minute branches
194a, 1945, 194¢, 194d and the interval d2 between respec-
tive neighboring minute branches 194a, 1945, 194c¢, 1944 is
in the range from about 6 um to 6.5 um, the ratio d1/d2 may
be in the range from about 1.2 to 1.35, when the sum of the
width d1 and the interval d2 is in the range from about 6.5 pm
to 7 um, the ratio d1/d2 may be in the range from about 1.35
to 1.5, when the sum of the width d1 and the interval d2 is in
the range from about 5 um to 6 um, the ratio d1/d2 may be in
the range from about 1.05 to 1.2, and when the sum of the
width d1 and the interval d2 is greater than 7 pm, the ratio
d1/d2 may be greater than 1.5. As above-described, the width
d1 of the minute branches 194a, 194b, 194c¢, 194d is wider
than the interval d2 between the respective neighboring
minute branches 194a, 1945, 194c¢, 194d, and the ratio d1/d2
of'the width d1 to the interval d2 is controlled according to the
sum of the width d1 and the interval d2 such that the trans-
mittance of the liquid crystal display may be increased while
inclining the liquid crystal molecule in the length direction of
the minute branches 194a, 1945, 194c¢, 194d.

[0095] The first sub-pixel electrode 1914 and the common
electrode 270 form the first liquid crystal capacitor Clca and
the second sub-pixel electrode 1915 and the common elec-
trode 270 form the second liquid crystal capacitor Clcb to
maintain an applied voltage even after the TFT is turned off.
Also, the first storage electrode 133a and the second storage
electrode 1335 of the storage electrode line 131 respectively
overlap the first subpixel electrode 191a and the second sub-
pixel electrode 19154 in the openings 233a and 2335 to form
the storage capacitors Csta and Cstb.

[0096] The hook-shaped portion 135 of the storage elec-
trode line 131 overlaps the gap 91 of the pixel electrode 191
such that it functions as a shielding member for blocking the
light leakage between the first subpixel electrode 191a and
the second subpixel electrode 1915. The hook-shaped portion
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135 disposed between the data lines 171a and 1715 and the
first subpixel electrode 191a prevents crosstalk to thereby
reduce the degradation of the display quality.

[0097] Also, in the structure of pixel electrode 191 in an
exemplary embodiment of the present invention, the direction
of the liquid crystal molecules 310 is not controlled near the
longitudinal and transverse stems of the first subpixel elec-
trode 191a and the second subpixel electrode 1915 such that
texture may be generated. Accordingly, the storage electrode
line 131, the longitudinal portion 137 of the storage electrode
line 131, the first storage electrode 1334 and the second
storage electrode 1335 overlap the transverse stem or the
longitudinal stem of the first subpixel electrode 191a and the
second subpixel electrode 19154 such that the texture may be
covered, and so the aperture ratio may be simultaneously
increased.

[0098] On the other hand, the first subpixel electrode 191a
and the second subpixel electrode 1915 are applied with
different data voltages through the different data lines 171a
and 1715, and the voltage of the first subpixel electrode 191a
having the relatively smaller area is higher than the voltage of
the second subpixel electrode 1915 having the relatively
larger area.

[0099] In this way, when the voltages of the first sub-pixel
electrode 191a and the second sub-pixel electrode 1915 are
different from each other, the voltage applied to the first liquid
crystal capacitor Clca formed between the first sub-pixel
electrode 1914 and the common electrode 270 and the voltage
applied to the second liquid crystal capacitor Clcb formed
between the second sub-pixel electrode 1915 and the com-
mon electrode 270 are different from each other such that the
declination angle of the liquid crystal molecules of the sub-
pixels PXa and PXb are different from each other, and as a
result the luminance of the two subpixels become different.
Accordingly, if the voltages of the first liquid crystal capacitor
Clca and the second liquid crystal capacitor Clcb are appro-
priately controlled, the images shown at the side of the liquid
crystal display may be approximate to the images shown at
the front of the liquid crystal display, that is to say, the gamma
curve of the side may be approximately close to the gamma
curve of the front, thereby improving the side visibility.
[0100] Also, in an exemplary embodiment of the present
invention, when the first subpixel electrode 191a applied with
the higher voltage is disposed in the central part of the pixel
PX, and the first subpixel electrode 191a is farther apart from
gate line 121 such that an overlapping portion therebetween is
not generated, kick-back voltage is reduced and flicker is
removed.

[0101] Next, the initial alignment method for providing a
pretilt angle to liquid crystal molecules 310 will be described
with reference to FIG. 7.

[0102] FIG. 7 is a view showing a process of providing a
pretilt angle to liquid crystal molecules by using prepolymers
that are polarized by light such as ultraviolet rays.

[0103] Prepolymers 330 such as monomers that are hard-
ened through polymerization by light such as ultraviolet rays
are inserted between two display panels 100 and 200 along
with the liquid crystal material. The prepolymers 330 may be
a reactive mesogen that is polymerized by light such as ultra-
violet rays.

[0104] Next, the first subpixel electrode 191a and the sec-
ond subpixel electrode 1915 are applied with the data volt-
ages and the common electrode 270 of the upper panel 200 is
applied with the common voltage to generate an electric field
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to the liquid crystal layer 3 between the two display panels
100 and 200. Thus, the liquid crystal molecules 310 of the
liquid crystal layer 3 are inclined in the direction parallel to
the length direction of the minute branches 194a, 1945, 194c¢,
1944 through two steps as above-described in response to the
electric field, and the liquid crystal molecules 310 in one pixel
PX are inclined in a total of four directions.

[0105] Ifthe light such as ultraviolet rays is irradiated after
the application of the electric field to the liquid crystal layer 3,
the prepolymers 330 are polymerized such that a first polymer
350 and a second polymer 370 are formed as shown in FIG. 7.
[0106] The first polymer 350 is formed in the liquid crystal
layer 3, and the second polymer 370 is formed close to the
display panels 100 and 200. The alignment direction is deter-
mined for the liquid crystal molecules 310 to have the pretilt
in the length direction of the minute branches 194a, 1945,
194¢, 1944 by the first polymer 350 and the second polymer
370.

[0107] Accordingly, the liquid crystal molecules 310 are
arranged with the pretilts of four different directions under
non-application of the voltage to the electrodes 191 and 270.
[0108] Next, another exemplary embodiment of the present
invention will be described with the reference to FIG. 8, FIG.
9 and FIG. 10.

[0109] FIG. 8 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention, FIG. 9 is a top plan view of a pixel electrode of the
liquid crystal display shown in FIG. 8, and FIG. 10 is an
enlarged view of portion A' of the basic electrode shown in
FIG. 9.

[0110] The layered structure of the liquid crystal display
according to the present exemplary embodiment is almost the
same as the layered structure of the liquid crystal display
shown in FIG. 2, FIG. 3 and FIG. 4. Hereafter, different
characteristics from the previously described exemplary
embodiment will be mainly described.

[0111] Referring to FIG. 8, FIG. 9 and FIG. 10, the storage
electrode line 131 includes a left longitudinal portion 135a
and a right longitudinal portion 1356 extending downward
from the storage electrode line 131, and a storage electrode
133 protruding in the right direction from the left longitudinal
portion 135a. The storage electrode 133 has a wider width
than that of the other portions of the storage electrode line 131
for overlapping with a pixel electrode 191 to be described
later.

[0112] The first drain electrode 175a includes one end hav-
ing a wide area lengthily extending upward, and the second
drain electrode 1755 includes one end having a wide area
shortly extending upward.

[0113] Thecolor filters (not shown) have through holes (not
shown) where contact holes 185¢ and 18554 are passed
through and an opening 233 disposed on the storage electrode
133, and an upper passivation layer (not shown) and a lower
passivation layer (not shown) have a plurality of contact holes
185a and 1855 exposing the first drain electrodes 175a and
the second drain electrode 1755, respectively.

[0114] The pixel electrode 191 according to the present
exemplary embodiment also includes the first subpixel elec-
trodes 191a and the second subpixel electrode 1915 that are
separated from each other by a gap 91 of a quadrangular belt
shape therebetween, like the exemplary embodiment show in
FIG. 2, FIG. 3 and FIG. 4.

[0115] The first subpixel electrode 191a is made of one
basic electrode 199 shown in FIG. 5. A transverse stem of the
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first subpixel electrode 191a is expanded upward and down-
ward to form an expansion 1934, and the expansion 193a
overlaps the storage electrode 133 in an opening 233 to form
a storage capacitor Csta.

[0116] The second subpixel electrode 1915 includes one
basic electrode 199, and a connection bridge 195 enclosing
the first subpixel electrode 191a, which is disposed below
with the gap 91 interposed therebetween.

[0117] The left lower portion of the connection bridge 195
is protruded in the right direction with a wide area for contact
with the second drain electrode 1755. As shown in FIG. 8, the
second subpixel electrode 1915 receives data voltages from
the second drain electrode 1756 through the connection
bridge 195.

[0118] The lower transverse edge of the connection bridge
195 overlaps a portion of the gate line 121 to prevent the first
subpixel electrode 191a from being influenced by the gate
signals of the gate lines 121.

[0119] Both longitudinal edges of the connection bridge
195 cover the data lines 171a and 1715 for preventing
crosstalk between the data signal and the first subpixel elec-
trode 191a.

[0120] The width of the connection bridge 195 may be in a
range from 5.0 um to 15 pm.

[0121] Thestorageelectrode line 131 overlaps the gap 91 of
the pixel electrode 191 to block light leakage between the first
subpixel electrode 191a and the second subpixel electrode
19154. Also, the right longitudinal portion 135a and the left
longitudinal portion 13556 of the storage electrode line 131 are
disposed between the first subpixel electrode 191a and the
data lines 171a and 17154, to prevent crosstalk between the
data lines 171a and 1715 and the first subpixel electrode
191a.

[0122] The area of the second subpixel electrode 1915 may
beinarange from about 1.25 to 2.75 times the area of the first
subpixel electrode 191a.

[0123] Differently from the above-described exemplary
embodiment, according to the present exemplary embodi-
ment, the first drain electrode 175a and the second drain
electrode 1755 do not overlap the second subpixel electrode
1915 and the first subpixel electrode 191a applied with data
voltages of different polarities, but overlap the first subpixel
electrode 191a and the second subpixel electrode 1915
applied with data voltages of the same polarity such that the
texture caused by the distortion of the electric field is not
generated near the first drain electrode 175a and the second
drain electrode 1756 even though the first data line 171a and
the second data line 1715 are applied with data voltages of
opposite polarities. Accordingly, according to the present
exemplary embodiment, the texture may be prevented,
thereby increasing the transmittance.

[0124] Also, according to the present exemplary embodi-
ment, the contact holes 1854 and 1855 are disposed on the
edges or corners of the first subpixel PXa and the second
subpixel PXb such that it is easy to form color filters (not
shown) by an inkjet process.

[0125] Like the above-described exemplary embodiment,
the liquid crystal molecules are inclined in the four directions
in the case of the present exemplary embodiment such that the
viewing angle of the liquid crystal display may be increased,
and the liquid crystal molecules have the pretilt through the
polymerization of the prepolymer such that the response
speed may be improved. Also, the first subpixel electrode
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1914 and the second subpixel electrode 1915 are applied with
different data voltages, thereby improving the side visibility.
[0126] As shown in FIG. 10, in the liquid crystal display
according to the present exemplary embodiment, when the
sum of the width d1 of the minute branches 194a, 1945, 194c¢,
1944 and the interval d2 between the respective neighboring
minute branches 194a, 194b, 194¢, 1944 is in the range from
about 6 umto 6.5 um, the ratio d1/d2 may be in the range from
about 1.2 to 1.35, when the sum of the width d1 and the
interval d2 is in the range from about 6.5 pm to 7 um, the ratio
d1/d2 may be in the range from about 1.35 to 1.5, when the
sum of the width d1 and the interval d2 is in the range from
about 5 pum to 6 pum, the ratio d1/d2 may be in the range from
about 1.05 to 1.2, and when the sum of the width d1 and the
interval d2 is greater than 7 pum, the ratio d1/d2 may be greater
than 1.5. As above-described, the width d1 of the minute
branches 194a, 1945, 194¢, 194d is wider than the interval d2
between the respective neighboring minute branches 194a,
1945, 194c¢, 1944, and the ratio d1/d2 of the width d1 of the
minute branches 194a, 1945, 194¢, 194d to the interval d2
between the respective neighboring minute branches 194a,
1945, 194¢, 1944 is controlled according to the sum of the
width d1 of the minute branches 194a, 1945, 194¢, 194d and
the interval d2 between the respective neighboring minute
branches 194a, 1945, 194c¢, 1944 such that the transmittance
of the liquid crystal display may be increased while inclining
the liquid crystal molecule in the length direction of the
minute branches 194a, 1945, 194¢, 1944.

[0127] Next, another exemplary embodiment of the present
invention will be described with reference to FIG. 11 and FIG.
12.

[0128] FIG. 11 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention, and FIG. 12 is a top plan view of a pixel electrode
of the liquid crystal display shown in FIG. 11.

[0129] A liquid crystal display according to the present
exemplary embodiment is almost the same as the liquid crys-
tal display shown in FIG. 8 to FIG. 10. Hereafter, different
characteristics from the previously described exemplary
embodiment will be mainly described.

[0130] Referring to FIG. 11 and FIG. 12, the wide end
portion of the first drain electrode 175a to apply the data
voltage to the first subpixel electrode 191a is disposed at the
right lower corner of the first subpixel PXa, and is electrically
and physically connected to the first subpixel electrode 191a
through the contact hole 185a. Accordingly, when forming
the color filter (not shown) through an inkjet process, the
process may be easily executed and the transmittance may be
improved.

[0131] Also, the storage electrodes and the openings having
the wide area for forming the storage capacitors Csta and Cstb
do not exist in the present exemplary embodiment, thereby
increasing the aperture ratio.

[0132] As above-described, in the liquid crystal display
according to the present exemplary embodiment, when the
sum of the width d1 of the minute branches 194a, 1945, 194c¢,
1944 and the interval d2 between the respective neighboring
minute branches 194a, 1945, 194¢, 1944 is in the range of
about 6 pm to 6.5 pum, the ratio d1/d2 may be in the range from
about 1.2 to 1.35. When the sum of the width d1 and the
interval d2 is in the range from about 6.5 pm to 7 um, the ratio
d1/d2 may be in the range from about 1.35 to 1.5. When the
sum of the width d1 and the interval d2 is in the range from
about 5 pum to 6 pm, the ratio d1/d2 may be in the range from
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about 1.05 to 1.2, and when the sum of the width d1 and the
interval d2 is greater than 7 pum, the ratio d1/d2 may be greater
than 1.5. Accordingly, the width d1 of the minute branches
194a, 1945, 194¢, 194d is wider than the interval d2 between
the respective neighboring minute branches 194a, 1945,
194c¢, 1944, and the ratio d1/d2 of the width d1 of the minute
branches 194a, 194b, 194c¢, 194d to the interval d2 of the
respective neighboring minute branches 194a, 1945, 194c,
1944 is controlled according to the sum of the width d1 of the
minute branches 194a, 1945, 194¢, 194d and the interval d2
between the respective neighboring minute branches 194a,
1945, 194¢, 1944 such that the transmittance of the liquid
crystal display may be increased while inclining the liquid
crystal molecule in the length direction of the minute
branches 194a, 1945, 194c, 1944.

[0133] Next, another exemplary embodiment of the present
invention will be described with reference to FIG. 13 and FIG.
14.

[0134] FIG. 13 is a layout view of a liquid crystal display
according to another exemplary embodiment of the present
invention, and FIG. 14 is a top plan view of a pixel electrode
of the liquid crystal display shown in FIG. 13.

[0135] The layered structure of the liquid crystal display
according to the present exemplary embodiment is almost the
same as the layered structure of the liquid crystal display
shown in FIG. 2 to FIG. 4. Hereafter, different characteristics
from the previously described exemplary embodiment will be
mainly described.

[0136] Referring to FIG. 13 and FIG. 14, the storage elec-
trode line 131 includes a left longitudinal portion 135 and a
right longitudinal portion 1355 extending upward and down-
ward from the storage electrode line 131, a transverse con-
nection 132 connected between the two longitudinal portions
135a and 1355, and a storage electrode 133 protruding from
the center of the transverse connection 132 to the lower direc-
tion and having a wide area.

[0137] Thecolorfilters (not shown) have through holes (not
shown) where contact holes 1854 and 1855 are passed
through and an opening 233 disposed on the storage electrode
133, and an upper passivation layer (not shown) and a lower
passivation layer (not shown) have a plurality of contact holes
185a and 1854 exposing the first and second drain electrodes
175a and 1755.

[0138] The pixel electrode 191 also includes the first sub-
pixel electrode 1914 and second subpixel electrode 1915 that
are separated from each other by a gap 91 of a quadrangular
belt shape therebetween.

[0139] The first subpixel electrode 191a is made of one
basic electrode 199 shown in FIG. 5. The lower portion of the
longitudinal stem of the first subpixel electrode 191a is
extended left and right to form an expansion 1924, and the
expansion 192a overlaps the storage electrode 133 in the
opening 233 to form a storage capacitor Csta.

[0140] The second subpixel electrode 1915 includes an
upper electrode 1915« and a lower electrode 19155, and the
upper electrode 191bu and the lower electrode 19166 are
connected through a left connection 1954 and a right connec-
tion 195b.

[0141] Two longitudinal portions of the storage electrode
line 131 overlap the gap 91 such that they block light leakage
between the first subpixel electrode 191a and the second
subpixel electrode 1915 and prevent crosstalk between the
first subpixel electrode 191a and the data lines 171a and
171b. Also, the transverse connection 132 of the storage
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electrode line 131 covers the texture near the transverse stem
193a of the first subpixel electrode 191a, thereby improving
the aperture ratio.

[0142] As above-described, in the liquid crystal display
according to the present exemplary embodiment, when the
sum of the width d1 of the minute branches 194a, 1945, 194c¢,
1944 and the interval d2 between the respective neighboring
minute branches 194a, 1945, 194¢, 194d is in the range from
about 6 pm to 6.5 pum, the ratio d1/d2 may be in the range from
about 1.2 to 1.35. When the sum of the width d1 and the
interval d2 is in the range from about 6.5 pm to 7 um, the ratio
d1/d2 may be in the range from about 1.35 to 1.5. When the
sum of the width d1 and the interval d2 is in the range from
about 5 um to 6 um, the ratio d1/d2 may be in the range from
about 1.05 to 1.2, and when the sum of the width d1 and the
interval d2 is greater than 7 pum, the ratio d1/d2 may be greater
than 1.5. Also, the width d1 of the minute branches 194a,
1945, 194c, 194d is wider than the interval d2 between the
respective neighboring minute branches 194a, 1945, 194c,
194d, and the ratio d1/d2 of the width d1 of the minute
branches 194a, 194b, 194c, 194d to the interval d2 of the
respective neighboring minute branches 194a, 1945, 194c,
1944 is controlled according to the sum of the width d1 of the
minute branches 194a, 1945, 194¢, 1944 and the interval d2
between the respective neighboring minute branches 194a,
1945, 194¢, 1944 such that the transmittance of the liquid
crystal display may be increased while inclining the liquid
crystal molecule in the length direction of the minute
branches 194a, 1945, 194c¢, 1944.

[0143] In the present exemplary embodiment, differently
from the exemplary embodiment shown in FIG. 2, FIG. 3 and
FIG. 4, a transverse stem 193bu of the upper electrode 191bu
is not disposed on the central part of the upper electrode
191bu, but is proximate the upper edge, and the transverse
stem 19355 of the lower electrode 19156 is disposed proxi-
mate the lower edge of the lower electrode 191bb. Accord-
ingly, two of the subregions among the four subregions Da,
Db, Dc, Dd of the basic electrode 199 of FIG. 5 as above-
described almost disappear under the upper electrode 191bu
and the lower electrode 19155, and remain dummies. How-
ever, the subregions Da, Db, Dc, Dd of four directions still
exist in the second subpixel electrode 1915 such that the
inclined direction of the liquid crystal molecules 310 may be
various.

[0144] In this case, the area of the two remaining subre-
gions Dc and Dd of the upper electrode 1915u may be greater
than 1.5 times the area of the two subregions Da and Db that
become small. The area of the two remaining subregions Da
and Db of the lower electrode 19155 may be greater than 1.5
times the area of the two subregions Dc and Dd that become
small.

[0145] Also, the width in the upper and lower direction of
the two subregions Da and Db of the upper electrode 1915u
and the two subregions Dc and Dd of the lower electrode
1915b may be about 5 pm.

[0146] Like the present exemplary embodiment, two sub-
regions Da and Db of the upper electrode 1916u or two
subregions Dc and Dd of the lower electrode 19155 overlap
the gate line 121 as the dummy shape such that the aperture
ratio and the transmittance may be increased and the texture
may be covered near the transverse stems 193bu and 19356b.
[0147] In the present exemplary embodiment, as in the
previously-described exemplary embodiment, the liquid
crystal molecules are inclined in four directions such that the
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viewing angle of the liquid crystal display may be increased,
and the liquid crystal molecules are pretilted through the
polymerization of the prepolymer to thereby improve the
response speed. Also, the first and second subpixel electrodes
191a and 1915 are applied with different data voltages to
thereby improve the side visibility.

[0148] Differently from an exemplary embodiment of the
present invention, a light alignment method in which light
such as ultraviolet rays is obliquely irradiated to the align-
ment layers 11 and 21 may be used to control the alignment
direction and the alignment angle of the liquid crystal mol-
ecules 310 as a means for forming a plurality of subregions
Da, Db, Dc, Dd where the liquid crystal molecules 310 are
inclined in the different directions. In this case, the minute
branches 194a, 1945, 194¢, 194d of the pixel electrodes 191
are not necessary such that the aperture ratio may be increased
and the response time may be improved by the pretilt of the
liquid crystal molecule 310 that is generated by the light
alignment.

[0149] Next, the transmittance of the liquid crystal display
changed according to the sum of the width d1 of the minute
branches 194a, 1945, 194¢, 194d and the interval d2 between
the respective neighboring minute branches 194a, 1944,
194c, 1944, and the ratio d1/d2 of the width d1 of the minute
branches 194a, 1945, 194c¢, 194d to the interval d2 of the
respective neighboring minute branches 194a, 1945, 194c,
1944 will be described with reference to FIG. 15 in one
experimental example of the present invention. FIG. 15 is a
graph showing a transmittance result of a liquid crystal dis-
play according to one experimental example of the present
invention.

[0150] Generally, factors applied to influence the transmit-
tance of the liquid crystal display may be divided into a first
factor, a second factor, and a third factor. The first factor is the
shape of the signal lines such as the gate line or the data line
and the shape of the constituent elements that block the light
such as the black matrix. The first factor is the main factor
changing the aperture ratio of the liquid crystal display. The
second factor is the size of a cell gap, a dielectric rate of the
liquid crystal, and the applied voltage. The cell gap is the gap
between the upper panel 200 and the lower panel 100 filled in
with the liquid crystal layer 3. Generally, when the cell gap,
the dielectric rate of the liquid crystal, or the applied voltage
is increased, the transmittance of the liquid crystal display is
increased. Finally, the third factor is the structure of the pixel
itself that is largely applied to the change of the transmittance
of the liquid crystal display in the case of the vertical align-
ment liquid crystal display. Among these three factors, the
first factor and the second factor may greatly influence the
different constituent elements of the liquid crystal display
such that change of the first factor and the second factor is
difficult, however the third factor is changed according to the
design of the pixel electrode such that the change is relatively
easy. Also, it is possible for the transmittance of the liquid
crystal display to be changed in the range of about 10% to
15% by the third factor.

[0151] In the present experimental example, in the state in
which the various conditions such as the cell gap of the liquid
crystal display, the physical characteristic of the liquid crystal
layer, and the driving voltage are all the same, the transmit-
tance of the liquid crystal display is measured as shown in
FIG. 15 while changing the sum (d1+d2) of the width d1 of
the minute branches 194a, 1945, 194¢, 194d and the interval
d2 between the respective neighboring minute branches
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194a, 1945, 194¢, 194d, and the ratio d1/d2 of the width d1 of
the minute branches 194a, 1945, 194¢, 194d to the interval d2
between the respective neighboring minute branches 194a,
1945, 194¢, 1944.

[0152] Referringto FIG. 15, as the sum d1+d2 is increased,
it may be confirmed that the ratio d1/d2 that has the high
transmittance is increased.

[0153] Also, referring to FIG. 15, it may be confirmed that
when the sum d1+d2 is about 6.0 um, and the ratio d1/d2 is
about 1.28, the transmittance of the liquid crystal display is
highest, when the sum d1+d2 is about 6.5 um, and the ratio
d1/d2 is about 1.42, the transmittance of the liquid crystal
display is highest, and when the sum d1+d2 is about 7.0 pm,
and the ratio d1/d2 is about 1.45, the transmittance of the
liquid crystal display is highest. Accordingly, it may be con-
firmed that as the sum d1+d2 of the width d1 of the minute
branches 194a, 1945, 194c¢, 1944 and the interval d2 between
the respective minute branches 194a, 1945, 194¢, 1944 is
increased, and when the ratio d1/d2 of the width d1 of the
minute branches 194a, 1945, 194¢,1944 to the interval d2
between the respective neighboring minute branches 194a,
1945, 194¢,194d is increased, the transmittance of the liquid
crystal display is increased.

[0154] Also, referring to the graph of FIG. 15, like the
liquid crystal display according to an exemplary embodiment
of'the present invention, when the sum d1+d2 is about 6 um to
6.5 wm, the ratio d1/d2 is about 1.2 to 1.35, when the sum
d1+d2 is about 6.5 um to 7 um, the ratio d1/d2 about 1.35 to
1.5, when the sum d1+d2 is about 6 pm, the ratio d1/d2 is in
the range from about 1.05 to 1.2, and when the sum d1+d2 is
greater than 6 um, the ratio d1/d2 is greater than 1.5, the
transmittance is decreased by 10% to 20% compared with the
maximum transmittance.

[0155] According to the liquid crystal display of an exem-
plary embodiment of the present invention, the pixel elec-
trode may be formed for the width d1 of the minute branches
194a, 1945, 194¢,194d to be wider than the interval d2
between the respective minute branches 194a, 1945, 194c,
194d, and to have the ratio d1/d2 of the width d1 of the minute
branches 194a, 1945, 194¢,194d to the interval d2 between
the respective neighboring minute branches 194a, 1945,
194¢,194d according to the sum of the width d1 of the minute
branches 194a, 1945, 194¢,194d and the interval d2 between
the respective neighboring minute branches 194a, 1945,
194¢,194d for the high transmittance pixel electrode such that
itis controlled that the liquid crystal molecules are inclined in
the length direction of the minute branches 194a, 1945, 194c¢,
1944 and the transmittance of the liquid crystal display may
be increased.

[0156] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a pixel electrode comprising a first subpixel electrode and
a second subpixel electrode with a gap therebetween;

a common electrode facing the pixel electrode; and
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a liquid crystal layer disposed between the pixel electrode
and the common electrode, and comprising a plurality of
liquid crystal molecules,

wherein the first subpixel electrode and the second sub-
pixel electrode include a plurality of minute branches,

the first subpixel electrode and the second subpixel elec-
trode comprise a plurality of subregions having different
length directions of the minute branches, and

the width of the minute branches is wider than the interval
between the respective neighboring minute branches.

2. The liquid crystal display of claim 1, wherein,

when a sum of the width of the minute branches and the
interval between the respective neighboring minute
branches is in a range from about 6 um to 6.5 pm, a ratio
d1/d2 of the width d1 of the minute branches to the
interval d2 between the respective neighboring minute
branches is in a range from about 1.2 to 1.35,

when the sum of the width of the minute branches and the
interval between the respective neighboring minute
branches is in a range from about 6.5 um to 7 pum, the
ratio d1/d2 is in a range from about 1.35 to 1.5, and

when the sum of the width of the minute branches and the
interval between the respective neighboring minute
branches is in a range from about 5 um to 6 um, the ratio
d1/d2 is in a range from about 1.05 to 1.2.

3. The liquid crystal display of claim 2, wherein

the liquid crystal molecules are aligned with a pretilt
according to the length direction of the minute branches.

4. The liquid crystal display of claim 3, wherein

the liquid crystal layer further comprises polymers to
pretilt the liquid crystal molecules, and the polymers are
formed by irradiating ultraviolet rays to prepolymers of
monomers.

5. The liquid crystal display of claim 2, further comprising

an alignment layer formed on the pixel electrode or the
common electrode,

wherein the alignment layer is light-aligned according to
the length direction of the minute branches.

6. The liquid crystal display of claim 2, wherein

the first subpixel electrode and the second subpixel elec-
trode further comprise a transverse stem and a longitu-
dinal stem forming a boundary of the subregions, and

the minute branches of the first subpixel electrode and the
second subpixel electrode start from the transverse stem
or the longitudinal stem and extend toward the edges of
the first subpixel electrode and the second subpixel elec-
trode, respectively.

7. The liquid crystal display of claim 2, wherein

the voltage of the first subpixel electrode is higher than the
voltage of the second subpixel electrode.

8. The liquid crystal display of claim 7, wherein

the first subpixel electrode and the second subpixel elec-
trode are applied with different data voltages provided
from information of one image.

9. The liquid crystal display of claim 2, wherein

at least one of the first subpixel electrode and the second
subpixel electrode further comprises four subregions
having different length directions of the minute
branches.
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10. The liquid crystal display of claim 9, wherein

the areas of the four subregions are different from each
other in the first subpixel electrode or the second sub-
pixel electrode.

11. The liquid crystal display of claim 9, wherein

at least one of the first subpixel electrode and the second
subpixel electrode further comprises a transverse stem
and a longitudinal stem forming the boundaries of the
four subregions.

12. The liquid crystal display of claim 11, wherein

the area of two subregions disposed at a left side or a right
side with respect to the longitudinal stem of the first
subpixel electrode or the second subpixel electrode is
1.5 times greater than the area of the remaining two
subregions disposed at the opposite side with respect to
the longitudinal stem.

13. The liquid crystal display of claim 2, wherein

the second subpixel electrode further comprises an upper
electrode disposed above the first subpixel electrode,
and a lower electrode disposed below the first subpixel
electrode.

14. The liquid crystal display of claim 1, wherein

the second subpixel electrode further comprises a connec-
tion disposed at the left side or the right side of the first
subpixel electrode and connecting an upper electrode
and a lower electrode of the second subpixel, wherein
the upper electrode is disposed above the first subpixel
electrode, and the lower electrode is disposed below the
first subpixel electrode.

15. The liquid crystal display of claim 14, further compris-

ing:

a first signal line and a second signal line;

a third signal line and a fourth signal line crossing the first
signal line and the second signal line;

a first switching element connected to the first signal line
and the third signal line to transmit a data voltage from
the third signal line to the first subpixel electrode; and

a second switching element connected to the first signal
line and the fourth signal line to transmit a data voltage
from the fourth signal line to the second subpixel elec-
trode,

wherein the connection covers the third signal line or the
fourth signal line.

16. The liquid crystal display of claim 15, wherein

the second subpixel electrode further comprises a connec-
tion bridge enclosing the first subpixel electrode, and the
connection bridge overlaps a portion of the first signal
line, the third signal line, or the fourth signal line.

17. The liquid crystal display of claim 1, wherein

the liquid crystal molecules are aligned with a pretilt
according to the length direction of the minute branches,

the liquid crystal layer further comprises polymers to
pretilt the liquid crystal molecules, and the polymers are
formed by irradiating ultraviolet rays to prepolymers of
monomers.

18. The liquid crystal display of claim 1, further compris-

ing

an alignment layer formed on the pixel electrode or the
common electrode,

wherein the alignment layer is light-aligned according to
the length direction of the minute branches.
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19. The liquid crystal display of claim 1, wherein 20. The liquid crystal display of claim 1, wherein

the first subpixel electrode and the second subpixel elec-
trode comprise a transverse stem and a longitudinal stem
forming a boundary of the subregions, and

the voltage of the first subpixel electrode is higher than the
voltage of the second subpixel electrode, and

the minute branches of the first subpixel electrode and the the first subpixel electrode and the second subpixel elec-
second subpixel electrode start from the transverse stem trode are applied with different data voltages provided
or the longitudinal stem and extend toward the edges of from information of one image.

the first subpixel electrode and the second subpixel elec-
trode, respectively. I T
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