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(57) ABSTRACT

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.

17 Claims, 14 Drawing Sheets

154 )17 1M 1240 17\ 154a

fa

Qb



U.S. Patent Dec. 17, 2013 Sheet 1 of 14 US 8,610,864 B2

3

PXa- > PXb

—~100




U.S. Patent Dec. 17, 2013 Sheet 2 of 14 US 8,610,864 B2

FI1G.2
Q \\ 74 @
N\
f 2 191bu
I\ f
| |
3
f \ L 137
135~ ) | 191bu
191bb}191b}191
gl
91<,N\t ™R 1951 191a
2333\/m g&\; 12334
195a <At L_e—t| 18
P4
m- ~\% \\f 1 T~133a
i~ —191a
138 i
133b._|
2330
191bb
171b— 185
~—171a
1750 | 1754
L 121
i—-E/// | | \\\‘ﬂ——i

AN /] K (
154b /1730 124b 1242 173a\ 154a
Qa Qb



US 8,610,864 B2

Sheet 3 of 14

Dec. 17,2013

U.S. Patent

bog| dog| ecel

[

BGL1 GEI

|

dog| QEc!

\ ﬁ

Oyl 0Ll d081 0€Z 95919761 99} 121

)

V)

L

]

/

I
]

1
I
1
1

001 4

N S [

/ ) / / /,,,//,_/t/ \M

7

\S
\ \
7 X 3 I /

~ 111

-

&<

ecee |1 eGgg| ecgielgl

ore—() ()

ﬁ — A\ \\QE\_
:%: j /| )

)

0¢¢ qeee

) Vl\v MONL

bogl ag8lagez PO8LALGL ASLIASLL qLLl

N

ooJ

l¢ 0L¢ O01¢

¢ DIA



U.S. Patent Dec. 17, 2013 Sheet 4 of 14 US 8,610,864 B2

FIG .4

N\
///%_&\

t91a] // ) &\\\\

191bu
191bb}191b}191
191a
193bb
// ﬁﬁﬁﬁﬁﬁﬁﬁ N

Y&Mbb




U.S. Patent Dec. 17, 2013 Sheet 5 of 14 US 8,610,864 B2

////////é %\\é&\hm

7

194%&&1 94d




U.S. Patent Dec. 17, 2013 Sheet 6 of 14 US 8,610,864 B2




U.S. Patent Dec. 17, 2013 Sheet 7 of 14 US 8,610,864 B2

; L
Q V
\ / | 990

;\\\ .

/ § opo

121
1J1

5 —~191b

)
Z—Y

91— 7
il w V
=195
135a —Ti E L"\v135b
s 1T>191a
133 5 ”
233~ * - —18ha

171b—{] % & |

//// L 171a
18%b_| I ML 475,
Hob—A] N 191

T A g
D] | (@T
1511b 173b124?25124a173a 154a

=
1



U.S. Patent Dec. 17, 2013 Sheet 8 of 14

FIG.9

\/

N //

191b

3

///L&\

N\

.




U.S. Patent Dec. 17, 2013 Sheet 9 of 14 US 8,610,864 B2




U.S. Patent Dec. 17, 2013 Sheet 10 of 14

FIG.11

e
J

@1

\Nw %;

NN\

A

/

1220

5 +—191b

G ‘—\‘—\‘—\‘—\\—\—.,—.,—.,—.,—.,—.

135a—

171b—

185b
175b—]

////\\

fio_te

i —133b

"’\191a

~—171a

__18ha
L——175a
121

154b 173b124b)124 173 154

195

_J

US 8,610,864 B2



U.S. Patent Dec. 17, 2013 Sheet 11 of 14

FIG.12

\/

\\\//

L

////x

Q72 \\




U.S. Patent Dec. 17, 2013 Sheet 12 of 14 US 8,610,864 B2

FIG.13

17

r=}

| _191bu

]

191bu
191b
191bb }191 4 i

191a \
1950 <t / 191
132— LN

135
1358 AfH

\

/

| +—233
133

131

OO O OO

=

.

™~ 195b
| 1852

=

S \x—% —220

171a—{ - 171b
/,9/~191bb

175aﬂ\f\§( N\Sl %,;/~\175b
M "

NIEZ

7

wxi\
=

_'I

[
154a173a124a)12 b173b154b



U.S. Patent Dec. 17, 2013 Sheet 13 of 14

FIG.14

_\h

////%A&

193a—~ /// \\\2591
.

_-192a

3

bbbbb




US 8,610,864 B2

Sheet 14 of 14

Dec. 17,2013

U.S. Patent

IP/CP
T4 ¢ GL'| Gl A
//
\
/r
\
AN
~_
///
N ,/:/:/ .
N T —— - —_
A
N
// \\
~ \\v\
Wi Q9 gp+p —— / \
Wy g9 gp+lp —————- S~
Wil [ gpelp " -
CIDIA

€800
¥G0°0
G600
9600
LG00
8600
6500
0900
1900
¢900
€900

90UBJHWISURA |



US 8,610,864 B2

1
LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

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 for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

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

2. Discussion of the Background

A liquid crystal display (LCD) is one type of the widely
used flat panel displays (FPDs). The LCD is composed of two
display panels on which field generating electrodes such as
pixel electrodes and a common electrode are formed, and a
liquid crystal layer is disposed between the two display pan-
els. In the liquid crystal display, voltages are applied to the
field generating electrodes to generate an electric field over
the liquid crystal layer, which determines the alignment of
liquid crystal molecules of the liquid crystal layer. Accord-
ingly, the polarization of incident light is controlled, thereby
performing image display.

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.

Inthe VA mode LCD, the important issue ofa 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 protrusions 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.

Also, a method for providing a pretilt to the liquid crystal
molecules in the absence of an electric field has been devel-
oped to improve the response speed of the liquid crystal while
realizing the wide viewing angle. For the liquid crystal mol-
ecules 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.

On the other hand, the VA mode liquid crystal display 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.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form part of the prior art.

SUMMARY OF THE INVENTION

Exemplary embodiments ofthe present invention provide a
liquid crystal display having a wide viewing angle and a fast
response speed, as well as excellent visibility and transmit-
tance.

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 inven-
tion.
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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 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

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is an equivalent circuit diagram of one pixel in a
liquid crystal display according to an exemplary embodiment
of the present invention.

FIG. 2 is a layout view of a liquid crystal display according
to an exemplary embodiment of the present invention.

FIG. 3 is a cross-sectional view of the liquid crystal display
shown in FIG. 2 taken along line III-II1.

FIG. 4 is a top plan view showing the pixel electrode of the
liquid crystal display shown 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.

FIG. 6 is an enlarged view of portion A of the basic elec-
trode shown in FIG. 5.

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.

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.

FIG. 10 is an enlarged view of portion A' of the basic
electrode shown in FIG. 9.

FIG. 11 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

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

FIG. 13 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

FIG. 14 is a top plan view of a pixel electrode of the liquid
crystal display shown in FIG. 13.

FIG.151s 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

The present invention is described more fully hereinafter
with reference to the accompanying drawings, in which
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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.

It will be understood that when an element such as a layer,
film, region, or substrate is referred to as being “on” or “con-
nected to” another element, it can be directly on or directly
connected to the other element or intervening elements 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.

FIG. 1 is an equivalent circuit diagram of one pixel in a
liquid crystal display according to an exemplary embodiment
of the present invention.

Referring to FIG. 1, a liquid crystal display according to an
exemplary embodiment of the present invention includes sig-
nal 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 connected to
the signal lines. From the point of view of a structure, 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.

Each pixel PX includes a pair of subpixels PXa and PXb.
Each subpixel PXa and PXb has a respective switching ele-
ment Qa and Qb, liquid crystal capacitor Clca and Clcb, and
storage capacitor Csta and Cstb.

Each switching element Qa and Qb is a three-terminal
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 Cleb and the
respective storage capacitor Csta and Cstb.

Each liquid crystal capacitor Clca and Clcb uses a respec-
tive subpixel electrode 191a and 1915 and a common elec-
trode 270 as two terminals. The liquid crystal layer 3 between
the electrodes 191a and 1915 and 270 functions as a dielectric
material.

Each storage capacitor Csta and Cstb serving as an assis-
tant 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 interposed ther-
ebetween, and a predetermined voltage such as the common
voltage Vcom is applied thereto.

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 capaci-
tor Clca is less than or greater than the data voltage applied to
the liquid crystal capacitor Clcb. Therefore, when the volt-
ages 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.

Next, a liquid crystal display according to an exemplary
embodiment of the present invention will be described in
detail with reference to FIG. 2, F1G. 3, FIG. 4, FI1G.5 and FIG.
6.

FIG. 2 is a layout view of a liquid crystal display according
to an exemplary embodiment of the present invention, FIG. 3
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is a cross-sectional view of the liquid crystal display shown in
FIG. 2 taken along line III-11I, FIG. 4 is a top plan view
showing the pixel electrode of the liquid crystal display show
in FIG. 2, FIG. 5 is atop 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.

Referring to FIG. 2 and FIG. 3, a liquid crystal display
according to an exemplary embodiment of the present inven-
tion 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.

Firstly, the lower panel 100 will be described.

A plurality of gate lines 121 and a plurality of storage
electrode lines 131 are formed on an insulating substrate 110.

The gate lines 121 transmit gate signals and are substan-
tially extended in the transverse direction. Fach gate line 121
includes a plurality of first gate electrodes 124a and second
gate electrodes 1245 protruding upward.

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 1334, and a second
storage electrode 1335.

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”™).

The hook-shaped portion 135 is substantially rectangular,
and an upper edge thereof vertically meets the longitudinal
portion 137.

The first storage electrode 133¢ extends in a transverse
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.

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 1335 is
expanded and is extended substantially parallel to the first
storage electrode 1334 in the transverse direction.

However, the shapes and arrangements of the storage elec-
trode lines 131, 1334, 1335, 135,137, and 138 may be modi-
fied in various forms.

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 1544 pref-
erably made of amorphous or crystallized silicon are formed
on the gate insulating layer 140.

A plurality of pairs of ohmic contacts 1634 and 1655 are
formed on the first semiconductor 1545, and the ohmic con-
tacts 1635 and 1655 may be formed of a material such as n+
hydrogenated amorphous silicon in which an n-type impurity
is doped with a high concentration, or of silicide.

A plurality of pairs of data lines 171¢ and 1716 and a
plurality of pairs of first drain electrodes 175a and second
drain electrodes 1755 are formed on the ohmic contacts 1635
and 165b, and on the gate insulating layer 140.

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 1715 includes a plurality of first source electrodes
1734 and second source electrodes 1735 extending toward the
respective first gate electrodes 124a and second gate elec-
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trodes 1245 and are curved with a “U” shape. The first source
electrodes 1734 and the second source electrodes 1735 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 1245.

Each first drain electrode 175a starts from one end
enclosed by the first source electrode 1734, extends upward,
curves in the left direction according to the upper edge of the
second storage electrode 1335, 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 1335 is disposed, and has a wide
area for connection with another layer.

Each second drain electrode 1755 starts from one end
enclosed by the second source electrode 173b, 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.

However, the shapes and arrangements of the first drain
electrodes 1754 and the second drain electrodes 1755 and the
data lines 171a and 1715 may be modified in various forms.

A first gate electrode 124a and a second gate electrode
124b, a first source electrode 1734 and a second source elec-
trode 1735, and a first drain electrode 175a and a second drain
electrode 1755 respectively form a first thin film transistor
(TFT) Qa and a second TFT Qb along with a first semicon-
ductor 154 and a second semiconductor 1545, and a channel
of the first TFT Qa and the second TFT Qb is formed on the
first semiconductor 154 and the second semiconductor 1545
between the first source electrode 173a and the second source
electrode 1735 and the first drain electrode 175a and the
second drain electrode 1756.

The ohmic contacts 1635 and 1655 are interposed only
between the underlying semiconductor islands 154a and
154b, and the overlying data lines 171a and 1715 and drain
electrodes 175a and 175b, 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 1754 and 17554,
and a portion between the source electrodes 173a and 1735
and the respective drain electrodes 175a and 1755.

A lower passivation layer 180p preferably made of silicon
nitride or silicon oxide is formed on the data lines 171a and
1715, the drain electrodes 175a and 1755, and the exposed
portions of the semiconductors 154a and 1545.

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.

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 2354 and 2350 disposed on the first drain
electrodes 175a and the second drain electrodes 1755, and a
plurality of openings 2334 and 2335 disposed on the first
storage electrodes 133a and the second storage electrodes
1330. The opening 2334 and 2335 reduce the thickness of the
dielectric material forming the storage capacitors Csta and
Cstb such that the storage capacitance may be increased.

Here, the lower passivation layer 180p may prevent the
pigments of the color filters 230 from flowing into the
exposed semiconductors 154a and 1545.
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An upper passivation layer 180g is formed on the light
blocking members 220 and the color filters 230. The upper
passivation layer 180g may be made of an inorganic insulat-
ing material such as silicon nitride or silicon oxide, and pre-
vents the color filters 230 from lifting and suppresses con-
tamination 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.

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¢ ofthe lower panel 100 may be omitted
in this case.

The upper passivation layer 1804 and the lower passivation
layer 180p have a plurality of contact holes 185¢ and 1855
respectively exposing the first drain electrodes 1754 and the
second drain electrodes 1755.

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.

Referring to FIG. 4, each pixel electrode 191 includes the
first subpixel electrode 191a and the second subpixel elec-
trode 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.

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

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 194a, 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 plu-
rality of fourth minute branches 194d.

The first minute branches 1944 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 longitudinal 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 direction, and
the fourth minute branches 1944 obliquely extend from the
transverse stem 193 or the longitudinal stem 192 in the lower-
right direction.

The first minute branches 194a, the second minute
branches 19454, the third minute branches 194¢ and the fourth
minute branches 1944 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, 194¢ and 1944 of two
neighboring subregions Da, Db, D¢ and Dd may be crossed.

Next, widths of the minute branches 1944, 1945, 194¢ and
1944 of the pixel electrodes 191 of the liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and intervals between neighboring minute branches
1944, 1945, 194c 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 electrode shown in
FIG. 5.
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As shown in FIG. 6 using the minute branches 1944 of the
second subregion Db for illustration, the width dl of the
minute branches 194a, 1945, 194¢ and 1944 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, 1945, 194c,
1944 may be changed 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, 194c¢, 1944.

In detail, when the sum of the width d1 of the minute
branches 194a, 1945, 194¢, 1944 and the interval d2 between
respective neighboring minute branches 194a, 1945, 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, 194c, 1944 to the interval d2 between
respective neighboring minute branches 194a, 1945, 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 194¢, 1945, 194c,
1944 and the interval d2 between respective neighboring
minute branches 194a, 1945, 194¢, 1944 is in a range from
about 6.5 um to 7 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, 1945,
194c¢, 1944 may be in a range from about 1.35 to 1.5. Further,
when the sum of the width d1 of the minute branches 1944,
1945, 194¢, 1944 and the interval d2 between respective
neighboring minute branches 194a, 1945, 194¢, 194d is in a
range from about 5 pm to 6 pum, 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,
194b,194c¢, 194d may be in a range from about 1.05t0 1.2. In
addition, when the sum ofthe width d1 ofthe minute branches
194a, 1945, 194¢, 194d and the interval d2 between respec-
tive neighboring minute branches 194a, 1945, 194¢, 1944 is
greater than 7 um, the ratio d1/d2 of the width d1 ofthe minute
branches 194a, 1945, 194¢, 1944 to the interval d2 between
the respective neighboring minute branches 194a, 1945,
194c, 194d may be greater than 1.5.

Again, referring to FIG. 2, FIG. 3, FIG. 4 and FIG. 5, the
first subpixel electrode 191a includes one basic electrode
199. The transverse stem 193 of the basic electrode 199
forming the first subpixel electrode 1914 expands downward
and upward to form a first expansion 193a, and the first
expansion 193« 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.

The second subpixel electrode 1915 includes an upper
electrode 191hu and a lower electrode 19155, and the upper
electrode 191bu and the lower electrode 191bb each include
one basic electrode 199. The upper electrode 1915« and the
lower electrode 19155 are connected to each other through a
left connection 1954 and a right connection 1954.

The second subpixel electrode 1915 encloses the first sub-
pixel electrode 191a with the gap 91 therebetween. A portion
of the center of the transverse stem of the lower electrode
19155 extends upward and downward to form a second
expansion 193bb overlapping the second storage electrode
133b. Also, a protrusion that protrudes downward for easy
contact with the second drain electrode 1755 is formed in the
center of the downward edge of the second expansion 19355.
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The area of the second subpixel electrode 1916 may be
about 1.0 to 2.2 times the area of the first subpixel electrode
191a.

Each first subpixel electrode 191¢ and second subpixel
electrode 1915 is physically and electrically connected to the
respective first drain electrode 1754 and second drain elec-
trode 1755 through the respective contact holes 185a and
185b, and receives data voltages from the respective first
drain electrode 175a and second drain electrode 1755.

On the other hand, the upper electrode 191bu may be
directly applied with the data voltages from the second drain
electrode 175b. In this case, the second drain electrode 1756
extends to the upper electrode 1914u, and a contact hole (not
shown) for contact of the upper electrode 1915 and the
second drain electrode 1755 is required. In this case, the left
and right connections 1954 and 1955 are not necessary.

An alignment layer 11 is formed on the pixel electrodes
191.

Next, the upper panel 200 will be described.

The common electrode 270 is formed on an insulating
substrate 210, and an alignment layer 21 is formed thereon.

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

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

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).

The liquid crystal molecules 310 are pretilted by the poly-
mers 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 19454, third minute branches
194¢ and fourth minute branches 1944 of the first subpixel
electrode 191a and the second subpixel electrode 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.

If the gate lines 121 are applied with the gate signals, the
data voltage is applied to the first subpixel electrodes 191a
and the second subpixel electrodes 1915 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.

On the other hand, the edges of the minute branches 1944,
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 incli-
nation direction of the liquid crystal molecules 310 is deter-
mined in the direction determined by the horizontal compo-
nents of the electric field. Accordingly, the liquid crystal
molecules 310 firstly tend to tilt in the direction perpendicular
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to the edges of the minute branches 194a, 1945, 194c¢, 1944.
However, the directions of the horizontal components of the
electric field by the respective neighboring minute branches
194q, 1945, 194c¢, 194d are opposite to each other and the
intervals d2 between the respective minute branches 194a,
194b, 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
of the minute branches 1944, 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, 194¢, 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 1944, 1945, 194c,
1944 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.

Also, in an exemplary embodiment of the present inven-
tion, the length directions in which the minute branches 194a,
194b, 194¢, 1944 are extended in one pixel PX are all four
directions such that the inclined directions of the liquid crys-
tal molecules 310 are in all four directions. Therefore, the
viewing angle of the liquid crystal display is widened by
varying the inclined directions of the liquid crystal molecules
310.

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,
1944. Accordingly, the width d1 of the first minute branches
194a, the second minute branches 19454, the third minute
branches 194¢ and the fourth minute branches 1944 and the
interval d2 between respective neighboring minute branches
194a, 1945, 194c¢, 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¢, 1944 such
that the transmittance of the liquid crystal display may be
increased.

As above-described, in the liquid crystal display according
to an exemplary embodiment of the present invention, when
the sum of the width d1 of the minute branches 194a, 1945,
194c, 194d and the interval d2 between respective neighbor-
ing minute branches 194a, 1945, 194¢, 1944 is in the range
from about 6 pmto 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 um 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
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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 um, 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, 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 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¢, 1944d.

The first sub-pixel electrode 191a and the common elec-
trode 270 form the first liquid crystal capacitor Clca and the
second sub-pixel electrode 1915 and the common electrode
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 1334 and the second storage electrode
1335 of the storage electrode line 131 respectively overlap the
first subpixel electrode 191a and the second subpixel elec-
trode 1915 in the openings 233a and 2335 to form the storage
capacitors Csta and Cstb.

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

Also, in the structure of pixel electrode 191 in an exem-
plary 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 133a and the second
storage electrode 1334 overlap the transverse stem or the
longitudinal stem of the first subpixel electrode 191a and the
second subpixel electrode 1915 such that the texture may be
covered, and so the aperture ratio may be simultaneously
increased.

On the other hand, the first subpixel electrode 1914 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.

In this way, when the voltages of the first sub-pixel elec-
trode 191a and the second sub-pixel electrode 1915 are dif-
ferent from each other, the voltage applied to the first liquid
crystal capacitor Clca formed between the first sub-pixel
electrode 191a 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.
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Also, in an exemplary embodiment of the present inven-
tion, 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.

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

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.

Prepolymers 330 such as monomers that are hardened
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.

Next, the first subpixel electrode 191a and the second
subpixel electrode 1915 are applied with the data voltages and
the common electrode 270 of the upper panel 200 is applied
with the common voltage to generate an electric field 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,
194d 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.

If the 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.

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 determined
for the liquid crystal molecules 310 to have the pretilt in the
length direction of the minute branches 194a, 1945, 194c,
1944 by the first polymer 350 and the second polymer 370.

Accordingly, the liquid crystal molecules 310 are arranged
with the pretilts of four different directions under non-appli-
cation of the voltage to the electrodes 191 and 270.

Next, another exemplary embodiment of the present inven-
tion will be described with the reference to FIG. 8, FIG. 9 and
FIG. 10.

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.

The layered structure of the liquid crystal display accord-
ing 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 FI1G. 4. Hereafter, different characteristics
from the previously described exemplary embodiment will be
mainly described.

Referring to FIG. 8, FIG. 9 and FIG. 10, the storage elec-
trode line 131 includes a left longitudinal portion 135a and a
right longitudinal portion 1355 extending downward from the
storage electrode line 131, and a storage electrode 133 pro-
truding 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 over-
lapping with a pixel electrode 191 to be described later.
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The first drain electrode 175a includes one end having a
wide area lengthily extending upward, and the second drain
electrode 1755 includes one end having a wide area shortly
extending upward.

The color filters (not shown) have through holes (not
shown) where contact holes 1854 and 185) 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 contactholes
185a and 1855 exposing the first drain electrodes 175a and
the second drain electrode 1755, respectively.

The pixel electrode 191 according to the present exemplary
embodiment also includes the first subpixel electrodes 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.

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

The second subpixel electrode 1914 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.

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 1755b. As shownin F1G. 8, the
second subpixel electrode 1915 receives data voltages from
the second drain electrode 1754 through the connection
bridge 195.

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.

Both longitudinal edges of the connection bridge 195 cover
the datalines 171a and 1715 for preventing crosstalk between
the data signal and the first subpixel electrode 191a.

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

The storage electrode line 131 overlaps the gap 91 of the
pixel electrode 191 to block light leakage between the first
subpixel electrode 1914 and the second subpixel electrode
1915. Also, the right longitudinal portion 1354 and the left
longitudinal portion 1355 of the storage electrode line 131 are
disposed between the first subpixel electrode 191a and the
data lines 171a and 1715, to prevent crosstalk between the
data lines 171a and 1715 and the first subpixel electrode
191a.

The area of the second subpixel electrode 1915 may be in
a range from about 1.25 to 2.75 times the area of the first
subpixel electrode 191a.

Differently from the above-described exemplary embodi-
ment, according to the present exemplary embodiment, the
first drain electrode 1754 and the second drain electrode 175
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
1914 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 1754 and the second drain electrode 1755
even though the first data line 171¢ and the second data line
1715 are applied with data voltages of opposite polarities.
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Accordingly, according to the present exemplary embodi-
ment, the texture may be prevented, thereby increasing the
transmittance.

Also, according to the present exemplary embodiment, 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.

Like the above-described exemplary embodiment, the lig-
uid 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
1914 and the second subpixel electrode 1915 are applied with
different data voltages, thereby improving the side visibility.

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, 194¢, 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 pm, the ratio d1/d2 may be in the range from about
1.2to 1.35, when the sum of the width d1 and the interval d2
is in the range from about 6.5 um to 7 pm, 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 pm
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 um, the ratio d1/d2 may be greater than 1.5.
As above-described, the width d1 of the minute branches
194a, 1945, 194¢, 1944 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, 19454, 194¢, 1944 to the interval d2 between
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, 194c¢, 1944 and the inter-
val 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.

Next, another exemplary embodiment of the present inven-
tion will be described with reference to FIG. 11 and FIG. 12.

FIG. 11 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion, and FIG. 12 is a top plan view of a pixel electrode of the
liquid crystal display shown in FIG. 11.

A liquid crystal display according to the present exemplary
embodiment is almost the same as the liquid crystal display
shown in FIG. 8 to FIG. 10. Hereafter, different characteris-
tics from the previously described exemplary embodiment
will be mainly described.

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 191q is disposed at the right lower
corner of the first subpixel PXa, and is electrically and physi-
cally 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.

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.
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As above-described, inthe liquid crystal display according
to the present exemplary embodiment, when 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¢, 194d is in the range of about 6 pm
to 6.5 pm, 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 pum to 7 pm, the ratio d1/d2 may be
in the range from about 1.35to 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 1.05to 1.2, and
when the sum of the width d1 and the interval d2 is greater
than 7 um, the ratio d1/d2 may be greater than 1.5. Accord-
ingly, the width d1 of the minute branches 194a, 1945, 194c,
1944 is wider than the interval d2 between the respective
neighboring minute branches 194a,1945, 194¢, 1944, and the
ratio d1/d2 ofthe width d1 ofthe minute branches 194a, 1945,
194¢, 1944 to the interval d2 of the respective neighboring
minute branches 194a, 1945, 194¢, 194dis controlled accord-
ing to the sum of the width d1 of the minute branches 1944,
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.

Next, another exemplary embodiment of the present inven-
tion will be described with reference to FIG. 13 and FIG. 14.

FIG. 13 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion, and FIG. 14 is a top plan view of a pixel electrode of the
liquid crystal display shown in FIG. 13.

The layered structure of the liquid crystal display accord-
ing 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.

Referring to FIG. 13 and FIG. 14, the storage electrode line
131 includes a left longitudinal portion 135« and a right
longitudinal portion 1355 extending upward and downward
from the storage electrode line 131, a transverse connection
132 connected between the two longitudinal portions 135a
and 135b, and a storage electrode 133 protruding from the
center of the transverse connection 132 to the lower direction
and having a wide area.

The color filters (not shown) have through holes (not
shown) where contact holes 1854 and 185) 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
1854 and 185b exposing the first and second drain electrodes
175a and 1755.

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

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 192a, and the
expansion 192a overlaps the storage electrode 133 in the
opening 233 to form a storage capacitor Csta.

The second subpixel electrode 1915 includes an upper
electrode 191hu and a lower electrode 191bb, and the upper
electrode 191bu and the lower electrode 19155 are connected
through a left connection 1954 and a right connection 1955.



US 8,610,864 B2

15

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 sub-
pixel electrode 191a and the data lines 171a and 1715. Also,
the transverse connection 132 of the storage electrode line
131 covers the texture near the transverse stem 193a of the
first subpixel electrode 1914, thereby improving the aperture
ratio.

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, 194¢, 1944 and
the interval d2 between the respective neighboring minute
branches 1944, 1945, 194¢, 1944 is in the range from about 6
um to 6.5 pm, 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 um 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 pm
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.
Also, the width d1 of the minute branches 194a, 1945, 194c,
1944 is wider than the interval d2 between the respective
neighboring minute branches 194a,1945,194¢, 1944, and the
ratio d1/d2 ofthe width d1 ofthe minute branches 194a, 1945,
194c, 1944 to the interval d2 of the respective neighboring
minute branches 194a, 1945, 194¢, 194d is controlled accord-
ing to the sum of the width d1 of the minute branches 194aq,
194b, 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,
194d.

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 191 5u, but
is proximate the upper edge, and the transverse stem 19355 of
the lower electrode 19156 is disposed proximate the lower
edge of the lower electrode 191bb. Accordingly, two of the
subregions among the four subregions Da, Db, D¢, Dd of the
basic electrode 199 of FIG. 5 as above-described almost
disappear under the upper electrode 1915« and the lower
electrode 1915b, and remain dummies. However, the subre-
gions Da, Db, Dc, Dd of four directions still exist in the
second subpixel electrode 1915 such that the inclined direc-
tion of the liquid crystal molecules 310 may be various.

In this case, the area of the two remaining subregions Dc
and Dd of the upper electrode 191bu 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 1915b may be greater than 1.5 times the
area of the two subregions D¢ and Dd that become small.

Also, the width in the upper and lower direction of the two
subregions Da and Db of the upper electrode 1915 and the
two subregions Dc and Dd of the lower electrode 19155 may
be about 5 um.

Like the present exemplary embodiment, two subregions
Da and Db of the upper electrode 1915u 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 cov-
ered near the transverse stems 1935w and 19356b.

In the present exemplary embodiment, as in the previously-
described exemplary embodiment, the liquid crystal mol-
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ecules are inclined in four directions such that the viewing
angle of the liquid crystal display may be increased, and the
liquid crystal molecules are pretilted through the polymeriza-
tion of the prepolymer to thereby improve the response speed.
Also, the first and second subpixel electrodes 191 and 1915
are applied with different data voltages to thereby improve the
side visibility.

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 alignment layers
11 and 21 may be used to control the alignment direction and
the alignment angle of the liquid crystal molecules 310 as a
means for forming a plurality of subregions Da, Db, De, Dd
where the liquid crystal molecules 310 are inclined in the
different directions. In this case, the minute branches 194a,
1945,194¢, 1944 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.

Next, the transmittance of the liquid crystal display
changed according to 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,
194c¢, 1944, and the ratio d1/d2 of the width d1 of the minute
branches 194a, 1945, 194¢, 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.

Generally, factors applied to influence the transmittance 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.

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 transmittance 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, 194c¢, 1944 and 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
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branches 194a, 1945, 194c, 1944 to the interval d2 between
the respective neighboring minute branches 194a, 1945,
194¢, 194d.

Referring to FIG. 15, as the sum d1+d2 is increased, it may
be confirmed that the ratio d1/d2 that has the high transmit-
tance is increased.

Also, referring to FIG. 15, it may be confirmed that when
the sum d1+d2 is about 6.0 pm, 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 um, and the
ratio d1/d2 is about 1.45, the transmittance of the liquid
crystal display is highest. Accordingly, it may be confirmed
that as the sum d1+d2 of the width d1 of the minute branches
194a, 1945, 194¢, 194d and the interval d2 between the
respective minute branches 194a, 1945, 194¢, 194d 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,
194b,194¢,194d is increased, the transmittance of the liquid
crystal display is increased.

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
pm, the ratio d1/d2 is about 1.2 to 1.35, when the sum d1+d2
is about 6.5 um to 7 pm, the ratio d1/d2 about 1.35 to 1.5,
when the sum d1+d2 is about 6 um, 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 pm, the ratio d1/d2 is greater than 1.5, the
transmittance is decreased by 10% to 20% compared with the
maximum transmittance.

According to the liquid crystal display of an exemplary
embodiment of the present invention, the pixel electrode may
be formed for the width d1 of the minute branches 194a,
1945, 194¢,1944d to be wider than the interval d2 between the
respective minute branches 194a, 1945, 194¢,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 respec-
tive neighboring minute branches 194a, 1946, 194¢,1944
according to the sum of the width d1 of the minute branches
194a, 194b, 194¢,194d and the interval d2 between the
respective neighboring minute branches 194a, 1945, 194c,
1944 for the high transmittance pixel electrode such that it is
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.

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, itis intended that the present invention cover
the modifications and variations of this invention provided
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

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

a width of each of the minute branches is wider than an
interval between neighboring minute branches, and

a sum of the width d1 of each of the minute branches and
the interval d2 between the neighboring minute
branches is in a range from about 5 pm to 7 pum,

when the sum of the width d1 of each of the minute
branches and the interval d2 between the neighboring
minute branches is in a range from € umto 6.5 pm, a ratio
d1/d2 of the width d1 to the interval d2 is in a range from
1.210 135,

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

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

2. The liquid crystal display of claim 1, wherein

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

3. The liquid crystal display of claim 2, 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.

4. The liquid crystal display of claim 1, further comprising

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

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

5. The liquid crystal display of claim 1, 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 edges of the
first subpixel electrode and the second subpixel elec-
trode, respectively.

6. The liquid crystal display of claim 1, wherein

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

7. The liquid crystal display of claim 6, wherein

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

8. The liquid crystal display of claim 1, 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.

9. The liquid crystal display of claim 8, wherein

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

10. The liquid crystal display of claim 8, 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.

11. The liquid crystal display of claim 10, wherein

the area of two subregions disposed at a left side or a right
side with respect to the longitudinal stem of the first
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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.

12. The liquid crystal display of claim 1, 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.

13. 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.

14. The liquid crystal display of claim 13, 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
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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.

15. The liquid crystal display of claim 14, 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.

16. The liquid crystal display of claim 1, wherein

the liquid crystal molecules are aligned with a pretilt along
the length direction of the minute branches, and

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.

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

20 ing

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

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