a9y United States

Park

US 20080062370A1

12) Patent Application Publication (o) Pub. No.: US 2008/0062370 A1

43) Pub. Date: Mar, 13, 2008

(54) LIQUID CRYSTAL DISPLAY

Publication Classification

(76) Inventor: Won-Sang Park, Yongin-si (KR) (1) IGn0tZFCII 1343 (2006.01)
Correspondence Address:
F. CHAU & ASSOCIATES, LL.C (52) US. CL v 349/144;349/139
130 WOODBURY ROAD
WOODBURY, NY 11797
(57) ABSTRACT
21) Appl. No.: 11/751,749
(21) Appl- No ’ Aliquid crystal display (LCD) includes a first substrate, and
(22) Filed: May 22, 2007 a pixel electrode formed on the first substrate and including
first and second sub-pixel electrodes, wherein the first and
(30) Foreign Application Priority Data second sub-pixel electrodes are connected to each other via
a connection portion and a length of the connection portion
May 24, 2006 (KR) .oovevvrrecrren 10-2006-0046550  1is greater than or equal to about 10 um.
VI
82 182179
)]
X et
H T
j[ NU/ i N
=t
f
!
195a
20 W
195 —e
g [>T .
‘ S
— \
G Wt [N
195¢— ’/”‘.“—' V'—"J 191 o
195b - y AR
185h - o
1% N &(196 T
| /% IN R
‘_—I | ; : "q“\ 137
] _HuV : 131
=]
A
‘\ 19f4a\ v
i 184b
[ 151
I\
1la ‘
B T1b)
- ' 7Ta‘[ﬂ
—~175
124
{ i 1
Lo S N
181 = 15 —
129 gf N N — /
I 121 18§ i



Patent Application Publication  Mar. 13,2008 Sheet 1 of 6 US 2008/0062370 A1

FIG.1
VI
82 182 179
L ] )
@ e
LN
L\] | | —
M [\1\‘
Bt —
1953 ,
290
1954 N —_
3 (=TT 4
/ { y ]
ey VT
b i ,_\_;‘1917
AL~ ' 191
1955 195':/,, T \ 74913
185h - ™ (o,
196 1853 b k&(IQG T
) [ | L
= [is il 137
1 1L _ﬁ.!v{_ﬂ_bﬁé | 131
Y,
\ ﬁ}m 194 A/
I~ 151
v
Na
— 71b
(- b
175
N 124
N \Z—-— :“
Vi :
{7 i u
L 5
129 81 \N IV—-% /

220



Patent Application Publication

X

(

Mar. 13,2008 Sheet 2 of 6

RN

US 2008/0062370 A1

H W -1
WS-
AT,
193] [\
i B
T
=

/ 185a
Il
|z

Y

131
[ I~—151
\Y
} Tlb
Ha
124
i

o
\ !
S

~——137



Patent Application Publication  Mar. 13,2008 Sheet 3 of 6 US 2008/0062370 A1

FIG.3
R | G - B
_/
220
31
230—— 230
7Mb
O~71a
N
3

220



Patent Application Publication  Mar. 13,2008 Sheet 4 of 6 US 2008/0062370 A1

o
8 g S a
— °'° = 7
—
[ 3
H— P
,:_\\_—/ﬁ
:,—\__, \_"5
//
[oe]
[=o g 1
—
[y o=
P ] \__‘_‘/
(3]
4]
—
oy~
—
[ g
g/ \_/,
[l
) T~ =
e
<
—'—-'h | ——
[ T [~
< )
° 1
(D C\l/ \\___/z o
™
(]
- T ~—k
ol
o L]
"] L
= \\__/— ‘/"\__/Z
n
v Lo
g IS
]
&J ~~——t
E ‘\_-/Q
9«-\1 ~ L
— N ]
] ha
171 ]
q—_\\\_/*r'-
\ g
\7\ 1T —




Patent Application Publication  Mar. 13,2008 Sheet 5 of 6 US 2008/0062370 A1

[
& < =2 o~
2 = .,
<o = < [
"] P o L 4 [
0
) - L
:r\_ .
B T
g N
;/-\\ B p. ,_.\\_/Q
[ —
® <0 I~ #
= .
O H ~
— [~
Q =
= Bt ]
© [
S e 5
m—......—
8/’\'\_,—
(o]
[0
g*‘\‘_;
- N
o N
E’\\‘ N
d "
~
//
ST
S+t © |l =
;’\_, F e
—




Patent Application Publication  Mar. 13,2008 Sheet 6 of 6 US 2008/0062370 A1

F1G.6




US 2008/0062370 A1l

LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2006-0046550 filed in
the Korean Intellectual Property Office on May 24, 2006, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] (a) Technical Field

[0003] The present invention relates to a liquid crystal
display (LCD).

[0004] (b) Discussion of the Related Art

[0005] A liquid crystal display (LCD), one of commonly

used flat panel displays, includes two display panels on
which field generating electrodes such as pixel electrodes
and a common electrode are respectively formed, and a
liquid crystal layer interposed therebetween. In the LCD, a
voltage is applied to the field generating electrodes to
generate an electric field in the liquid crystal layer to thereby
determine an alignment of liquid crystal molecules of the
liquid crystal layer and control polarization of incident light,
thereby resulting in display of images.

[0006] OfLCDs, a vertically aligned mode LCD, in which
liquid crystal molecules are arranged such that their longer
axes are perpendicular to display panels when no electric
field is applied thereto, has been developed, and has a
relatively high contrast ratio and wide reference viewing
angle.

[0007] In order to implement a wide reference viewing
angle in the vertical alignment mode LCD, a method for
forming cut-out portions on the field generating electrode
and a method for forming protrusions on the field generating
electrode have been used. Because the cut-out portions and
the protrusions control the tilt direction of liquid crystal
molecules, the tilt direction of the liquid crystal molecules
can be formed in several directions by appropriately dispos-
ing the cut-out portions and the protrusions in order to widen
the reference viewing angle.

[0008] However, liquid crystals positioned at a corner or a
connection portion are not affected by a fringe field formed
by upper and lower cut-out portions. Thus, when the LCD is
driven, the liquid crystals at the corner or the connection
portion may he aligned in arbitrary directions.

[0009] When liquid crystals are aligned in arbitrary direc-
tions, instantaneous residual images can be generated due to
collisions between liquid crystals occurring at arbitrary
portions of the display.

[0010] Therefore, there is a need to minimize the amount
of liquid crystal molecules that are not affected by the fringe
field and, thereby minimize the number of residual images
caused by liquid crystal collisions, while increasing aperture
ratio of the LCD.

SUMMARY OF THE INVENTION

[0011] In accordance with an exemplary embodiment of
the present invention, a liquid crystal display (LCD)
includes a first substrate, and a pixel electrode formed on the
first substrate and including first and second sub-pixel
electrodes, wherein the first and second sub-pixel electrodes
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are connected to each other via a connection portion and a
length of the connection portion is greater than or equal to
about 10 pm.

[0012] The length of the connection portion can be within
the range of about 20 um to about 28 pm.

[0013] A width of the connection portion can be less than
or equal to about 10 um.

[0014] The width of the connection portion can be within
the range of about 6 um to about 7 pm.

[0015] The LCD may further include a storage electrode
formed between the first and second sub-pixel electrodes.
[0016] The LCD may further include a gate line, a data
line crossing the gate line and having a source electrode, and
a drain electrode facing the source electrode. The drain
electrode and the storage electrode may overlap each other.
[0017] The pixel electrode and the drain electrode may be
connected at a portion where the storage electrode and the
drain electrode overlap.

[0018] A branch portion may extend from the connection
portion, and the pixel electrode and the drain electrode may
be connected at the portion where the pixel electrode and the
drain electrode overlap with the branch portion.

[0019] The first and second sub-pixel electrodes may each
have rounded corners.

[0020] The LCD may further include a second substrate
facing the first substrate and a common electrode formed on
the second substrate, and a plurality of tilt control portions
may be formed on the common electrode, wherein a tilt
control portion faces the center of the first or second
sub-pixel electrode.

[0021] The tilt control portions may be circular cut-out
portions.
[0022] The LCD may further include a light blocking

member formed on the second substrate such that it overlaps
with the gate line.

[0023] The area of the first sub-pixel electrode and the
area of the second sub-pixel electrode may be substantially
the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more apparent
by describing exemplary embodiments thereof in more
detail in reference to the accompanying drawings, in which:
[0025] FIG. 1 is a layout view of a liquid crystal display
(LCD) according to an exemplary embodiment of the
present invention.

[0026] FIG. 2 is a layout view of a thin film transistor
(TFT) array panel of the LCD in FIG. 1.

[0027] FIG. 3 is a layout view of a common electrode
panel of the LCD in FIG. 1.

[0028] FIGS. 4 to 6 are cross-sectional views taken along
lines IV-1V, V-V, and VI-VI of FIG. 1, respectively.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Exemplary embodiments of the present invention
will now be described more fully hereinafter with reference
to the accompanying drawings. This invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein.

[0030] In the drawings, the thickness of layers, films,
panels, regions, may be exaggerated for clarity. Like refer-
ence numerals may designate like elements throughout the
specification. It will be understood that when an element



US 2008/0062370 A1l

such as a layer, film, region, or substrate is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may also be present. A
liquid crystal display (LCD) according to an exemplary
embodiment of the present invention will be described in
more detail with reference to FIGS. 1 to 6.

[0031] FIG. 1 is alayout view of an LCD according to an
exemplary embodiment of the present invention, FIG. 2 is a
layout view of a thin film transistor (TFT) array panel of the
LCD in FIG. 1, FIG. 3 is a layout view of a common
electrode panel of the LCD in FIG. 1, and FIGS. 4 to 6 are
cross-sectional views taken along lines IV-IV, V-V, and
VI-VI of FIG. 1, respectively.

[0032] With reference to FIGS. 1 to 6, the LCD includes
a lower panel 100 and an upper panel 200 that face each
other, and a liquid crystal layer 3 interposed between the
lower and upper panels 100 and 200.

[0033] First, the lower panel 100 will be described.
[0034] With reference to FIGS. 1, 2, 4, § and 6, a plurality
of gate lines 121 and a plurality of storage electrode lines
131 are formed on an insulation substrate 110 made of, for
example, transparent glass or plastic.

[0035] The gate lines 121 transfer gate signals, and mainly
extend in a first direction, for example, the horizontal
direction shown in FIG. 1. The gate lines include a plurality
of gate electrodes 124 that protrude from the gate lines, for
example, in an upward direction as shown in FIG. 1. The
gate lines further include an end portion 129 having an
increased size with respect to the gate line 121 for a
connection with, for example, a different layer or an external
driving circuit. A gate driving circuit (not shown) for gen-
erating gate signals can be mounted on a flexible printed
circuit film (not shown) attached on the substrate 110,
directly mounted on the substrate 110, or integrated with the
substrate 110. When the gate driving circuit is integrated
with the substrate 110, the gate lines 121 can be elongated
to be directly connected to the gate driving circuit.

[0036] The storage electrode lines 131 receive a certain
voltage, and extend substantially parallel with the gate lines
121. The storage electrode lines 131 are positioned between
two adjacent gate lines 121, and may be equidistant from the
two adjacent gate lines. The storage electrode lines 131
include a storage electrode 137 that extends from the storage
electrode line in, for example, upward and downward direc-
tions, so that the storage electrode has an increased width
with respect to the storage electrode line 131. The storage
electrode lines can be modified to have various shapes and
dispositions.

[0037] The gate lines 121 and the storage electrode lines
131 can include, for example, an aluminum-based metal
stuch as aluminum (Al) or an aluminum alloy, a silver-based
metal such as silver (Ag) or a silver alloy, a copper-based
metal such as copper (Cu) or a copper alloy, a molybdenum-
based metal such as molybdenum (Mo) or a molybdenum
alloy, chromium (Cr), tantalum (Ta), and/or titanium (Ti).
Also, the gate lines 121 and the storage electrode lines 131
can have a multi-layered structure including two conductive
layers (not shown) each having different physical properties.
[0038] One of the conductive layers can be made of a
metal with low resistivity, such as, for example, the alumi-
num-based metal, the silver-based metal, or the copper-
based metal, in order to reduce a signal delay or a voltage
drop. The other conductive layer can be made of a material
such as, for example, the molybdenum-based metal, chro-
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mium, tantalum, or titanium, that has good physical, chemi-
cal, and electrical contact characteristics with a different
material, for example ITO (indium Tin Oxide) and 1ZO
(Indium Zinc Oxide). Examples of such combination may
include a combination of a lower chromium layer and an
upper aluminum (alloy) layer, and a combination of a lower
aluminum (alloy) layer and an upper molybdenum (alloy)
layer. In addition, the gate lines 121 and the storage elec-
trode lines 131 can be made of various other metals or
conductors.

[0039] The lateral sides of the gate lines 121 and the
storage electrode lines 131 are inclined with respect to the
surface of the substrate 110, and the inclination angle is, for
example, within the range of about 30° to about 80°.
[0040] A gate insulating layer 140 made of, for example,
silicon nitride (SiNx) or silicon oxide (SiOx), is formed on
the gate lines 121 and the storage electrode lines 131.
[0041] A plurality of semiconductor stripes 151 made of,
for example, hydrogenated amorphous silicon (a-Si) or
polycrystalline silicon, are formed on the gate insulating
layer 140. The semiconductor stripes 151 extend mainly in
a direction perpendicular to the gate lines 121, for example,
a vertical direction as shown in FIGS. 1 and 2, and include
a plurality of projections 154 that extend toward the gate
electrodes 124.

[0042] A plurality of ohmic contact stripes 161 and a
plurality of ohmic contact islands 165 are formed on the
semiconductor stripes 151. The ohmic contact islands 165
can be made of a material such as n+ hydrogenated amor-
phous silicon in which an n-type impurity such as phosphor
is doped with a high density, or silicide. The chmic contact
stripes 161 include a plurality of projections 163, and a
projection 163 and an ohmic contact island 165 are disposed
across from each other on each projection 154 of the
semiconductor stripes 151.

[0043] The lateral sides of the semiconductor stripes 151
and the projections 154 and the lateral sides of the projec-
tions 163 and the ohmic contact islands 165 are inclined with
respect to the surface of the substrate 110, and the inclination
angle is, for example, within the range of about 30° to about
80°.

[0044] A plurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the projections 163 and the
ohmic contact islands 165.

[0045] The data lines 171 transfer data signals and extend
perpendicular to the gate lines 121, for example, mainly in
a vertical direction to cross the gate lines 121 as shown in
FIGS. 1 and 2. Each data line 171 includes a plurality of
source electrodes 173 extending toward the gate electrodes
124 and an end portion 179 having an increased width for a
connection with, for example, a different layer or an external
driving circuit. The data driving circuit (not shown) can be
mounted on a flexible printed circuit film (not shown)
attached on the substrate 110, directly mounted on the
substrate 110, or integrated with the substrate 110. When the
data driving circuit is integrated with the substrate 110, the
data lines 171 can be elongated to be connected to the data
driving circuit.

[0046] The drain electrodes 175 are separated from the
data lines 171 and face the source electrodes 173 with
respect to the gate electrodes 124 centered between the
source and data electrodes 173, 175.

[0047] Each drain electrode 175 includes a bar-type end
portion and a larger end portion. The larger end portion of
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each drain electrode 175 overlaps with the storage electrode
137, and the bar-type end portion is partially surrounded by
the source electrode 173, which is bent like a ring.

[0048] A thin film transistor (TFT) includes a gate elec-
trode 124, a source electrode 173, and s drain electrode 175,
together with a semiconductor projection 154. A channel of
the TFT is formed at the semiconductor projection 154
between the source electrode 173 and the drain electrode
175.

[0049] The data lines 171 and the drain electrodes 175 can
be made of a refractory metal such as molybdenum, chro-
mium, tantalum, and/or titanium, or their alloys, and can
have a multi-layered structure including the refractory metal
layer (not shown) and a low-resistance conductive layer (not
shown). Examples of the multi-layered structure may
include a dual-layer of a lower chromium or molybdenum
(alloy) layer and an upper aluminum (alloy) layer, and a
triple-layer of a lower molybdenum (alloy) layer, an inter-
mediate aluminum (alloy) layer, and an upper molybdenum
(alloy) layer. Also, the data lines 171 and the drain electrodes
175 can be made of various other metals or conductors.
[0050] The lateral sides of the data lines 171 and the drain
electrodes 175 also may be inclined with respect to the
surface of the substrate 110 at, for example, an inclination
angle within the range of about 30° to about 80°.

[0051] The ohmic contact projections 163 and the ohmic
contact islands 165 exist between the lower semiconductor
projections 154 and the upper data lines 171 and the drain
electrodes 175, in order to lower contact resistance therebe-
tween. Some portions of the semiconductor projections 154
including a portion between the source electrodes 173 and
the drain electrodes 175 are exposed without being covered
by the data lines 171 and the data electrodes 175.

[0052] A passivation layer 180 is formed on the data lines
171 and the drain electrodes 175, and on the exposed portion
of the semiconductor projections 154.

[0053] The passivation layer 180 is made of, for example,
an inorganic insulator or organic insulator, and may have a
planarized surface. The organic insulator can be, for
example, silicon nitride or silicon oxide. The organic insu-
lator can be formed by mixing PAC (Photo-Active Com-
pound), a resin, and an additive containing a close contact-
ing property improver and a surface active agent in a
solvent, and its dielectric constant is, for example, about 4.0
or less. The passivation layer 180 may have a dual-layer
structure of a lower inorganic layer and an upper organic
layer so that the passivation layer 180 does not harm the
exposed portion of the semiconductor projections 154, while
still maintaining the desired insulation characteristics of the
organic layer.

[0054] The passivation layer 180 includes a plurality of
contact holes 182, 1854, and 1850 exposing the end portions
179 of the data lines 171, and the drain electrodes 175. The
passivation layer 180 and the gate insulating layer 140
include a plurality of contact holes 181 exposing the end
portions 129 of the gate lines 121.

[0055] A plurality of pixel electrodes 191 and a plurality
of contact assistants 81 and 82 are formed on the passivation
layer 180. The pixel electrodes 191 and the contact assistants
81 and 82 can be made of a transparent conductive material
such as ITO or IZ0, or a reflective metal such as aluminum,
silver, chromium, or their alloys.

[0056] Each pixel electrode 191 includes first and second
sub-pixel electrodes 191a and 1915. The first and second
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sub-pixel electrodes 191a and 19156 are adjacent each other,
and the area of the first sub-pixel electrode 191a and that of
the second sub-pixel electrode 1915 are substantially the
same.

[0057] The first and second sub-pixel electrodes 191qa are
connected by a connection portion 193. The connection
portion 193 is formed to be substantially parallel to the data
lines 171, and has a length (L) and a width (W). The first and
second sub-pixel electrodes 191a and 1915 are disposed to
be sufficiently away from each other, and the length (L) of
the connection portion 193 is about 10 pm or greater, and is,
for example, within the range of about 20 pm to about 28
pm. The width (W) of the connection portion 193 is about 10
wm or smaller, and is, for example, within the range of about
6 um to about 8 um.

[0058] The first and second sub-pixel electrodes 191a and
1915 have four main edges 1954, 1955 195¢, and 1954
which are substantially parallel to the gate lines 121 or the
data lines 171, and four corners 196 thereof are rounded.
[0059] Branch portions 194a and 19454 are formed at two
opposite sides of each connection portion 193. The branch
portions 194a and 19456 overlap with the storage electrodes
137 and extending portions 177 of the drain electrode 175.
[0060] At the branch portions 194a and 1945, each pixel
electrode 191 is physically and electrically connected with a
drain electrode 175 via contact holes 185a and 1855, and
receives a data voltage from a drain electrode 175. The pixel
electrodes 191, to which the data voltage has been applied,
generate an electric field together with a common electrode
270 of a common electrode panel 200 that receives a
common voltage, to thereby control a tilt direction of liquid
crystal molecules 31 of the liquid crystal layer 3 between the
lower and upper panels 100, 200. Polarization of light that
is transmitted through the liquid crystal layer 3 differs
depending on the tilt direction of the liquid crystal molecules
31. Each pixel electrode 191 and the common electrode 270
form a capacitor (referred to hereinafter as “liquid crystal
capacitor”) to sustain the applied voltage even after the TFT
is turned off.

[0061] The pixel electrode 191 and an end portion 177 of
a drain electrode 175 connected thereto overlap with a
storage electrode line 131 including a storage electrode 137,
and a capacitor, including the pixel electrode 191 and the
drain electrode 175 electrically connected with the pixel
electrode 191 overlapping the storage electrode line 131, is
called a storage capacitor, which strengthens the voltage
storage capability of the liquid crystal capacitor.

[0062] The contact assistants 81 and 82 are connected with
the end portions 129 of the gate lines 121 and the end
portions 179 of the data lines 171 via the contact holes 181
and 182, respectively. The contact assistants 81 and 82
complement adhesion of the end portions 129 of the gate
lines 121 and the end portions 179 of the data lines 171 with
external devices, and protect the end portions 129 and 179
from damage.

[0063] The common electrode panel 200 will now be
described in further detail.

[0064] With reference to FIGS. 1, 3, and 5, a light block-
ing member 220 made of transparent glass or plastic is
formed on an insulation substrate 210. The light blocking
member 220, also called a black matrix, defines a plurality
of opening regions facing the pixel electrodes 191 and
prevents light leakage between the pixel electrodes 191. The
light blocking members 220 extend mainly in the same
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direction as the gate lines 121, for example, a horizontal
direction as shown in FIGS. 1 and 3, to overlap with the gate
lines 121.

[0065] A plurality of color filters 230 are formed on the
substrate 210, which are disposed in the opening regions
surrounded by the light blocking members 220. The color
filters 230 can be elongated in a direction along the pixel
electrodes 191 to form a stripe. Each color filter 230 can
display one of the three primary colors of red (R), green (G),
and blue (B).

[0066] An overcoat 250 is formed on the color filters 230
and the light blocking members 220. The overcoat 250 can
be made of an (organic) insulator. The overcoat 250 protects
the color filters 230, prevents the color filters 230 from being
exposed, and provides a planarized surface.

[0067] The common electrode 270 is formed on the over-
coat 250. For example, the common electrode 270 is made
of a transparent conductor such as ITO or 1ZO.

[0068] A plurality of cut-out portions 71 are formed on the
common electrode 270. The cut-out portions 71 include a
first cut-out portion 71a and a second cut-out portion 714.
The first and second cut-out portions 71a and 715 have a
circular shape, and correspond to the central portion of each
of the first and second sub-pixel electrodes 191a and 1915,
respectively.

[0069] Alignment layers 11 and 21 are coated on an inner
surface of the panels 100 and 200, and they can be, for
example, vertical alignment layers. Polarizers 12 and 22 are
provided on an outer surface of the panels 100 and 200, and
the polarization axes of the two polarizers 12 and 22 are
perpendicular to each other.

[0070] According to an exemplary embodiment, the LCD
may further include a phase retardation film (not shown) for
compensating for a delay of the liquid crystal layer 3. The
LCD may further include a backlight unit (not shown) for
providing light to the polarizers 12 and 22, the phase
retardation film, the panels 100 and 200, and the liquid
crystal layer 3.

[0071] The liquid crystal layer 3 has negative dielectric
anisotropy, and liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned such that their longer axes are
substantially perpendicular to the surfaces of the two panels
100 and 200 when there is no electric field. Accordingly,
incident light is blocked, rather than passing through the
crossed polarizers 12 and 22.

[0072] When a common voltage is applied to the common
electrode 270 and a data voltage is applied to the pixel
electrodes 191, an electric field is generated to be substan-
tially perpendicular to the surfaces of the panels 100 and
200. The pixel electrodes 191 and the common electrode 270
may be collectively referred to as “field generating elec-
trodes”. The tilt directions of the liquid crystal molecules 31
are changed in response to the electric field such that their
longer axes become perpendicular to the direction of the
electric field.

[0073] The cut-out portions 71a and 71H of the field
generating electrodes 191 and 270 and the edges of the pixel
electrodes 191 distort the electric field to create a horizontal
component that determines a tilt direction of the liquid
crystal molecules 31. The horizontal component of the
electric field is substantially perpendicular to the cut-out
portions 71a and 715 and the edge of the pixel electrodes
191.
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[0074] With reference to FIG. 1, the horizontal component
of the electric field is formed by the cut-out portions 71a and
716 of the common electrode 270, the first and second edges
195a and 1955 parallel to the gate lines 121 of the first and
second sub-pixel electrodes 191a and 1915, the third and
fourth edges 195¢ and 1954 parallel to the data lines 171,
and the round corners 196. Accordingly, the liquid crystal
molecules 31 are tilted in a direction perpendicular to a
contact line of the circular cut-out portions 71a and 715. In
this manner, by varying the direction in which the liquid
crystal molecules 31 are tilted, the reference viewing angle
of the LCD can increase.

[0075] At least one of the cut-out portions 71a and 715 can
be replaced with a protrusion (not shown) or a depressed
portion (not shown). The protrusion can be made of an
organic material or an inorganic material, and can be dis-
posed above or below the field generating electrodes 191
and 270.

[0076] Electric field distortion may occur at the connec-
tion portion 193 between the first and second electrodes
191a and 1915, causing liquid crystals positioned at the
connection portion to align in arbitrary directions such that
they collide with each other. In embodiments of the present
invention, however, because the length (L) of the connection
portion 193 is sufficiently long and the width (W) thereof is
sufficiently narrow, the influence of the electric field distor-
tion occurring at the connection portion 193 on the liquid
crystal molecules 31 can be minimized. Thus, the liquid
crystal molecules 31 are not aligned in arbitrary directions
and generation of an instant residual image due to collision
of liquid crystals can be prevented.

[0077] In addition, since the storage electrode lines 131
are disposed to overlap with the connection portion 193 of
the first and second sub-pixel electrodes 191a and 1915, and
the contact holes 1854 and 1854 that connect the pixel
electrode 191 and the drain electrode 175 are disposed
between the first and second sub-pixel electrodes 191a and
1915, the overall aperture ratio of the pixels can be maxi-
mized.

[0078] Further, a stepped portion is formed due to the
contact holes 185a and 1855 in the passivation layer 180.
When the connection portion 193 of a pixel electrode 191 is
positioned at an upper portion of the stepped portion, the
connection portion 193 may be disconnected. Thus, in order
to prevent a possible disconnection of the first and second
sub-pixel electrodes 191a and 1916 due to the stepped
portion of the passivation layer 180, in embodiments of the
present invention, the contact holes 1854 and 1856 are
formed at the branch portions 194a and 1945 extending from
the connection portion 193.

[0079] According to embodiments of the present inven-
tion, liquid crystal molecules that may not be affected by the
fringe field can be minimized, a residual image caused by
the collision of liquid crystals can also be minimized, and
the aperture ratio of the LCD can be maximized.

[0080] While this invention has been described in connec-
tion with exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments,
but is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. A liquid crystal display (LCD) comprising:

a first substrate; and

a pixel electrode formed on the first substrate and com-

prising first and second sub-pixel electrodes,

wherein the first and second sub-pixel electrodes are

connected to each other via a connection portion, and
a length of the connection portion is greater than or
equal to about 10 pm or larger.

2. The LCD of claim 1, wherein the length of the
connection portion is within the range of about 20 um to
about 28 pm.

3. The LCD of claim 1, wherein a width of the connection
portion is less than or equal to about 10 um or smaller

4. The LCD of claim 3, wherein the width of the con-
nection portion is within the range of about 6 pm to about 7
pm.

5. The LCD of claim 1, further comprising a storage
electrode formed between the first and second sub-pixel
electrodes.

6. The LCD of claim 5, further comprising:

a gate line formed on the first substrate;

a data line crossing the gate line and comprising a source

electrode; and

a drain electrode facing the source electrode,

wherein the drain electrode and the storage electrode

overlap each other.

7. The LCD of claim 6, wherein the pixel electrode and
the drain electrode are electrically connected at a portion
where the storage electrode and the drain electrode overlap.

8. The LCD of claim 7, further comprising a branch
portion that extends from the connection portion, and the
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pixel electrode and the drain electrode are electrically con-
nected at a portion where the branch portion overlaps the
drain electrode.

9. The LCD of claim 8, wherein the branch portion
comprises a first branch portion at a right side with respect
to the connection portion and a second branch portion at a
left side with respect to the connection portion.

10. The LCD of claim 9, further comprising a first contact
hole that overlaps the first branch portion and a second
contact hole that overlaps the second branch portion.

11. The LCD of claim 1, wherein the first and second
sub-pixel electrodes have rounded corners.

12. The LCD of claim 1, farther comprising:

a second substrate facing the first substrate; and

a common electrode formed on the second substrate,

wherein a plurality of tilt control portions are formed on
the common electrode, and each of the plurality of tilt
control portions face the center of one of the first or
second sub-pixel electrodes.

13. The LCD of claim 12, wherein the tilt control portions
include circular cut-out portions.

14. The LCD of claim 12, further comprising a light
blocking member formed on the second substrate, wherein
the light blocking member overlaps a gate line formed on the
first substrate.

15. The LCD of claim 1, wherein an area of the first
sub-pixel electrode and an area of the second sub-pixel
electrode are substantially the same.
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