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(57) ABSTRACT

Provided is a liquid crystal display that includes a first
substrate, a second substrate opposite to and facing the first
substrate, and a liquid crystal layer interposed between the
first substrate and the second substrate, wherein the first
substrate includes a common electrode, the second substrate
includes gate lines disposed on an insulating plate, first and
second data lines insulated from and intersecting the gate
lines and receiving complementary data signals, a first thin
film transistor connected to the first data line, a second thin
film transistor connected to the second data line, a first pixel
electrode connected to an output terminal of the first thin
film transistor, and a second pixel electrode connected to an
output terminal of the second thin film transistor, the first
pixel electrode has two or more interconnected sub-pixel
electrodes, the second pixel electrode has two or more
interconnected sub-pixel electrodes, and the sub-pixel elec-
trodes of the first pixel electrode are interdigitated with the
sub-pixel electrodes of the second pixel electrode.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority from Korean
Patent Application No. 10-2005-0082837 filed on Sep. 6,
2005 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display, and more particularly, to a liquid crystal display
having an increased domain width while having increased
response speed and transmittance.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) is one of the most
widely used flat panel displays. An LCD includes a thin film
transistor substrate provided with pixel electrodes and a
common electrode substrate provided with a common elec-
trode and a liquid crystal (LC) layer interposed therebe-
tween. The LCD displays images by applying voltages to the
pixel electrodes and the common electrode to generate an
electrical field in the LC layer, which determines orienta-
tions of LC molecules in the [.C layer to adjust transmittance

of light.

[0006] A vertical alignment (VA) mode LCD aligns LC
molecules such that the long axes of the LC molecules are
perpendicular to the substrates in the absence of an electrical
field, resulting in a high contrast ratio and wide reference
viewing angle.

[0007] The wide viewing angle of the VA mode LCD can
be realized by cutouts in the electrical field-generating
electrodes and protrusions on the electrical field-generating
electrodes. Since the cutouts and the protrusions can deter-
mine the tilt directions of the LC molecules, the tilt direc-
tions can be distributed into several directions by using the
cutouts and the protrusions such that the reference viewing
angle is widened.

[0008] As described above, in VA mode liquid crystal
displays, pixel electrodes are divided into a plurality of
domains by forming cutouts or protrusions to realize a wide
viewing angle. In this case, liquid crystal molecules near the
cutouts or the protrusions are rapidly tilted, whereas liquid
crystal molecules away from the cutouts or the protrusions
are slowly tilted, thereby resulting in a reduction in response
speed. Furthermore, as the number of domains of one pixel
increases, transmittance decreases. Conversely, as the num-
ber of domains of one pixel decreases, transmittance
increases but a domain width, increases, which makes it
difficult to effectively control liquid crystal molecules and
thus makes the alignment direction of the liquid crystal
molecules unstable, thereby resulting in textures, ultimately
resulting in a reduction of brightness.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] According to an exemplary embodiment of the
present invention, there is provided a liquid crystal display
including a first substrate, a second substrate opposite to and
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facing the first substrate, and a liquid crystal layer interposed
between the first substrate and the second substrate, wherein
the first substrate includes a common electrode, the second
substrate includes gate lines disposed on an insulating plate,
first and second data lines insulated from and intersecting
the gate lines and receiving complementary data signals, a
first thin film transistor connected to the first data line, a
second thin film transistor connected to the second data line,
a first pixel electrode connected to an output terminal of the
first thin film transistor, and a second pixel electrode con-
nected to an output terminal of the second thin film transis-
tor, the first pixel electrode has two or more interconnected
sub-pixel electrodes, the second pixel electrode has two or
more interconnected sub-pixel electrodes, and the sub-pixel
electrodes of the first pixel electrode are interdigitated with
the sub-pixel electrodes of the second pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Exemplary embodiments of the present invention
can be understood in more detail from the following descrip-
tions taken in conjunction with the attached drawings in
which:

[0011] FIG. 1 shows a layout view of a thin film transistor
substrate for a liquid crystal display according to an embodi-
ment of the present invention;

[0012] FIG. 2 shows a layout view of a common electrode
substrate for a liquid crystal display according to an embodi-
ment of the present invention;

[0013] FIG. 3 shows a layout view of a liquid crystal
display including the thin film transistor substrate of FIG. 1
and the common electrode substrate of FIG. 2;

[0014] FIG. 4 is a sectional view taken along a line IV-IV'
of FIG. 1,
[0015] FIG. 5 is two sectional views taken along a line

V-V'and a line V"-V" of FIG. 1;

[0016] FIGS. 6A and 6B show views illustrating the
polarities of voltages applied to pixel electrodes for a liquid
crystal display according to an embodiment of the present
invention;

[0017] FIG. 7 is a sectional view taken along a line
VII-VIT' of FIG. 3; and

[0018] FIG. 8 shows a layout view of a liquid crystal
display according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0019] Exemplary embodiments of the present invention
will now be described more fully hereinafter with reference
to the accompanying drawings. The present invention may,
however, be embodied in many different forms and should
not be construed as being limited to the embodiments set
forth herein.

[0020] FIG. 1 shows a layout view of a thin film transistor
substrate for a liquid crystal display according to an embodi-
ment of the present invention, FIG. 2 shows a layout view
of a common electrode substrate for a liquid crystal display
according to an embodiment of the present invention, FIG.
3 shows a layout view of a liquid crystal display including
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the thin film transistor substrate of FIG. 1 and the common
electrode substrate of FIG. 2, FIG. 4 is a sectional view taken
along a line IV-IV' of FIG. 1, FIG. 5 is two sectional views
taken along a line V-V' and a line V"-V" of FIG. 1, FIGS.
6A and 6B show views illustrating the polarities of voltages
applied to pixel electrodes for a liquid crystal display
according to an embodiment of the present invention, FIG.
7 is a sectional view taken along a line VII-VII' of FIG. 3,
and FIG. 8 shows a layout view of a liquid crystal display
according to another embodiment of the present invention.

[0021] As shown in FIG. 7, the liquid crystal display
(LCD) includes a common electrode substrate 1, a thin film
transistor (TFT) substrate 2 which faces the common elec-
trode substrate 1, and a liquid crystal layer 3 formed between
the common electrode and TFT substrates 1 and 2 and
orientated so the long axes of liquid crystal molecules 5 are
vertically aligned.

[0022] The TFT substrate 2 will first be described with
reference to FIGS. 1, 4, and 5.

[0023] First and second gate lines 22a and 226 are formed
in a transverse direction on an insulating plate 10, and first
and second gate electrodes 26a and 264 in forms of protru-
sions are formed in the first and second gate lines 22a and
22b. The first and second gate line pads 24a and 245 transmit
gate signals applied from other layers or external devices to
the first and second gate lines 22a and 225. Widths of the
gate line pads 24a and 245 extend to be connected to
external circuits. The first and second gate lines 22a and 225,
the first and second gate electrodes 264 and 264, and the first
and second gate line pads 24a and 245 constitute a gate wire
(22a, 22b, 26a, 26b, 24a, 24b).

[0024] In addition, first and second storage electrode lines
28a and 285, and first and second storage electrodes 29a and
295 are formed on the insulating plate 10. The first and
second storage electrode lines 28a and 284 extend in a
longitudinal direction, intersecting a pixel region, and the
first and second storage electrodes 29a and 295 having larger
width than the first and second storage electrode lines 28a
and 284 are formed in the first and second storage electrode
lines 28a and 28b. The first and second storage electrode
lines 28a and 285 and the first and second storage electrodes
294 and 29b constitute a storage electrode wire (28a, 285,
29a, 29b). The shape and arrangement of the storage elec-
trode wire may vary.

[0025] A gate insulating layer 30 is formed on the gate
wire (22a, 22b, 24a, 24b, 26a, 265) and the storage electrode
wire (28a, 28b, 29a, 295).

[0026] The first and second semiconductor layers 40a and
405 formed of hydrogenated amorphous silicon or polycrys-
talline silicon are formed on the gate insulating layer 30. The
first and second semiconductor layers 40a and 405 may have
various shapes such as island shapes or line shapes. For
example, the first and second semiconductor layers 40a and
405 may be formed in an island shape. When the first and
second semiconductor layers 40a and 405 are formed in a
line shape; they may be disposed under first and second data
lines 62a and 625 and extend. In addition, when the first and
second semiconductor layers 40a and 405 are formed in the
island shape, they are disposed under the first and second
data lines 62¢ and 626 and may extend in upper portions of
the gate electrodes 264 and 264.
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[0027] An island-shaped ohmic contact layer or a linear
ohmic contact layer formed of a material such as suicide or
n+ hydrogenated amorphous silicon in which n-type impu-
rities are doped with high concentration is formed on the first
and second semiconductor layers 40a and 405. The first and
second ohmic contact layers 55a, 555, 56a and 565 of the
present embodiment are island-shaped ohmic contact layers
and placed under first and second source electrodes 65a and
655 and first and second drain electrodes 66a and 665,
respectively.

[0028] The first and second data lines 62a and 625 and the
first and second drain electrodes 66a and 664 are formed on
the first and second ohmic contact layers 554, 55b, 564, and
565 and the gate insulating layer 30. First and second data
line pads 68a and 685 transmit data signals applied from
other layers or external devices to the first and second data
lines 62a and 625, Widths of the first and second data line
pads 684 and 684 extend to be connected to external circuits.
The source electrodes 65a and 655 that extend in upper
portions of the first and second ohmic contact layers 55a and
55b are formed as branches of the first and second data lines
62a and 62b. The first and second data line pads 68a and 685
are formed at ends of the first and second data lines 62a and
62b. The first and second drain electrodes 66a and 665 are
formed on the first and second ohmic contact layers 564 and
565 positioned opposite to the first and second source
electrodes 65a and 655 with respect to the first and second
gate electrodes 26a and 264. The first and second data lines
62a and 625, the first and second data line pads 68a and 685,
and the first and second source electrodes 654 and 655
constitute a data wire (62a, 625, 68a, 68b, 65a, 655).

[0029] Here, the first and second data lines 62a and 625
are multiply bent and include longitudinal portions. Here,
the bent portions of the first and second data lines 62a and
625 include a pair of linear portions, one forming an angle
of about 45 degrees with respect to the first or second gate
lines 22a, 22b, the other forming an angle of about -45
degrees with respect to the first or second gate lines 224,
22b. The longitudinal portions are connected to the first and
second source electrodes 65a and 65b and intersect the first
and second gate lines 22a and 2256 and the first and second
storage electrode lines 284 and 285, respectively.

[0030] In this case, the length of the bent portion is about
one to nine times the length of the longitudinal portions.
That 1s, it occupies about 50-90% of the total length of the
bent portion and the longitudinal portions. However, as the
first and second data lines 62a and 624 are bent, the length
of the wire is increased. Thus, if the bent portion of the first
and second data lines 62a and 626 amounts to about 50%,
the length of the wire increases about 20%. If the length of
the first and second data lines 62a and 625 increases, the
wire resistance and load are increased accordingly, so a
signal distortion may increase. However, in a TFT-L.CD as
shown in FIG. 1, the first and second data lines 62a and 625
can be formed sufficiently wide. Further, since a thick
organic film 71 is used, the load of the wire can be
considerably reduced so the signal distortion due to an
increase in the length of the first and second data lines 62a
and 625 can be ignored.

[0031] In this way, the first and second data lines 62a and
626 may be formed by a combination of longitudinal and
bent band shapes like a pixel shape. However, the invention
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is not limited to the illustrated example, and the first and
second data lines 62¢ and 626 may be formed in simply
linear or bent band shapes.

[0032] In addition, the first and second drain electrodes
66a and 660 overlap the first and second storage electrodes
29q and 295 with the gate insulating layer 30 interposed
therebetween, thereby forming a storage capacitor.

[0033] The first and second drain electrodes 66a and 665
include strip-type end portions overlapping the semiconduc-
tor layers 40a and 406 and drain electrode extensions 67a
and 675 extending from the strip-type end portions, which
are wider than the strip-type end portions, overlapping the
first and second storage electrodes 29« and 295.

[0034] A passivation layer 70 made of an organic insulat-
ing layer having good flatness characteristics is formed on
the first and second data lines 62a and 625, the first and
second drain electrodes 66a and 665, and an exposed portion
of the first and second semiconductor layers 40a and 405
therethrough. Here, the passivation layer 70 is preferably
made of an inorganic insulator such as silicon nitride or
silicon oxide, a photosensitive organic material, or a low
dielectric insulating material such as a-Si:C:O and a-Si:O:F
formed by plasma enhanced chemical vapor deposition
(PECVD).

[0035] An organic film 71 may be an organic material
having good flatness characteristics and photosensitivity
applied on the passivation layer 70. The organic film 71 may
reduce parasitic capacitance between the first and second
drain electrodes 66a and 665 and first and second pixel
electrodes 80 and 81. The organic film 71 may be formed in
PFCB (PerFluoroCycloButane), BCB (BenzoCycloButene)
or acryl.

[0036] Contact holes 78a, 78b, 764, and 765 respectively
exposing the first and second data line pads 68¢ and 685 and
the first and second drain electrode extensions 67a and 67b
are formed on the organic film 71. Contact holes 74a and
745 exposing the first and second gate line pads 24a and 24
are formed in the passivation layer 70, the organic film 71
and the gate insulating layer 30. The first and second pixel
electrodes 80 and 81 are electrically connected to the first
and second drain electrodes 66a and 665 through the contact
holes 76a and 765 and formed in bent band shapes along the
first and second data lines 62a and 625.

[0037] Inaddition, first and second auxiliary gate line pads
864 and 865 and first and second data line pads 88a and 885
are formed on the passivation layer 70 through the contact
holes 74a, 74b, 78a, and 78b. The first and second auxiliary
gate line pads 86a and 865 and the first and second auxiliary
data line pads 88a and 885 are connected to the first and
second gate line pads 24a and 2454 and the first and second
data line pads 68a and 684, respectively. Here, the first and
second pixel electrodes 80 and 81, the first and second
auxiliary gate and the first and second data line pads 86a,
865. 88a and 884 are formed of a transparent conductor such
as ITO or IZO or a reflective conductor such as Al. The first
and second auxiliary gate and data line pads 86a, 865, 88a
and 88b complement the adhesion between the first and
second gate and data line pads 24a, 24b, 68a and 685 and
external devices.

[0038] The first and second pixel electrodes 80 and 81 are
physically and electrically connected to the first and second
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drain electrodes 66a and 665 through the contact holes 76a
and 765 and receive data voltages from the drain electrodes
66a and 66b.

[0039] The first and second pixel electrodes 80 and 81, to
which the data voltage is applied, generate an electrical field
together with a common electrode 140 of the common
electrode substrate 1, to determine the arrangement of the
liquid crystal molecules 5 of the liquid crystal layer 3
between the first and second pixel electrodes 80 and 81 and
the common electrode 140.

[0040] A first pixel electrode and a second pixel electrode
for a liquid crystal display according to an embodiment of
the present invention will be described in detail.

[0041] A first pixel electrode 80 is a pixel corresponding
to a predetermined color component of a color filter (see 130
of FIG. 2), and includes a first sub-pixel electrode 82, a
second sub-pixel electrode 83, and a first bridge 84 con-
necting the first and second sub-pixel electrodes 82 and 83.

[0042] The first sub-pixel electrode 82 is formed adjacent
to the first data line 624 in a bent band shape and the second
sub-pixel electrode 83 is formed adjacent to the second data
line 624 in a bent band shape. The first bridge 84 connects
the first sub-pixel electrode 82 and the second sub-pixel
electrode 83.

[0043] The second pixel electrode 81 is a pixel corre-
sponding to a different color component from the color filter
130 corresponding to the first pixel electrode 80, and
includes a third sub-pixel electrode 85, a fourth sub-pixel
electrode 87, and a second bridge 89 connecting the third
and fourth sub-pixel electrodes 85 and 87.

[0044] The third sub-pixel electrode 85 is formed adjacent
to the first sub-pixel electrode 82 in a bent band shape, and
the fourth sub-pixel electrode 87 is formed adjacent to the
second sub-pixel electrode 83 in a bent band shape. The
second bridge 89 connects the third sub-pixel electrode 85
and the fourth sub-pixel electrode 87.

[0045] The first and second sub-pixel electrodes 82 and 83
connected by the first bridge 84 are alternately engaged
(interdigitated) with the third and fourth sub-pixel electrodes
85 and 87 connected by the second bridge 89. Here, the first
pixel electrode 80 and the second pixel electrode 81 divide
an area defined by the first and second gate lines 22a and 225
and the first data line 62a of either end into substantially two
equal parts in a longitudinal direction.

[0046] The first and second bridges 84 and 89 may overlap
the second and first gate lines 225 and 22a, respectively.
When data signals are applied to the first and second pixel
electrodes 80 and 81, a texture phenomenon in which liquid
crystal molecules above the first and second bridges 84 and
89 rotate in different directions may occur. If light is
transmitted through the textures, staining and a latent image
may be caused on a liquid crystal panel. If the first and
second bridges 84 and 89 overlap the second and first gate
lines 22b and 22a, respectively, light transmission through
the textures can be avoided. While the embodiment
described with reference to FIG. 1 shows that the first and
second bridges 84 and 89 overlap the second and first gate
lines 22b and 22a, respectively, the first and second bridges
84 and 89 may also overlap storage electrode lines.
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[0047] Here, the first pixel electrode 80 receives a data
signal from the first drain electrode 66a of a first thin film
transistor TFT1, and the second pixel electrode 81 receives
another data signal from the second drain electrode 665 of
a second thin film transistor TFT2. The polarity of the data
signal applied to the first pixel electrode 80 is opposite to
that of the data signal applied to the second pixel electrode
81. For example, if the first pixel electrode 80 receives a
positive (+) voltage, the second pixel electrode 81 may
receive a negative (-) voltage. A driving method for apply-
ing voltages of opposite polarities to the first and second
pixel electrodes 80 and 81 will later be described in more
detail.

[0048] Inter-subpixel electrode gaps 92 and 94 are formed
between the first sub-pixel electrode 82 and the third sub-
pixel electrode 85 and between the second sub-pixel elec-
trode 83 and the fourth sub-pixel electrode 87, respectively.
When signals of opposite polarities are applied to the first
and second pixel electrodes 80 and 81, lateral electrical
fields are formed at the inter-subpixel electrode gaps 92 and
94, respectively. To increase a total size of pixels and to
enhance the response speed of liquid crystal molecules by
forming electrical fields at the inter-subpixel electrode gaps
92 and 94, an interval W1 of each of the inter-subpixel
electrode gaps 92 and 94 is preferably in a range of about 6
um to about 8 pm. In addition, an inter-subpixel electrode
gap 93 may be formed between the second sub-pixel elec-
trode 83 and the third sub-pixel electrode 85. A lateral
electrical field is also formed at the inter-subpixel electrode
gap 93 when signals of opposite polarities are applied to the
first pixel electrode 80 and the second pixel electrode 81.
When liquid crystal molecules are tilted in a predetermined
direction by a fringe electrical field formed between a
common electrode 140, which will later be described, the
first and second pixel electrodes 80 and 81, these lateral
electrical fields are formed in substantially the same direc-
tion as the tilt direction of the liquid crystal molecules. Thus,
the lateral electrical fields encourage the behavior of liquid
crystal molecules based on the fringe electrical field.

[0049] The present invention illustrates that each of the
first and second pixel electrodes includes two sub-pixel
electrodes, but the present invention is not limited thereto.
Provided that sub-pixel electrodes of a first pixel electrode
are interdigitated with those of a second pixel electrode and
adjacent sub-pixel electrodes have opposite polarities, each
of the first and second pixel electrodes may include three or
more sub-pixel electrodes.

[0050] Hereinafter, the common electrode substrate 1 will
be described in more detail with reference to FIGS. 2, 3, and
7.

[0051] Referring to FIGS. 2, 3, and 7, a black matrix 120
for preventing light leakage and a color filter 130 comprised
of red, green, and blue components are disposed on a lower
surface of an insulating substrate 110 made of a transparent
insulating material such as glass. An overcoat layer 150
made of an organic material is disposed on a lower surface
of the color filter 130. The common electrode 140 made of
a transparent conductive material such as ITO or IZO and
having cutouts 142 and 144 is disposed below the overcoat
layer 150. The black matrix 120 includes linear portions
corresponding to bent portions of each of the first and second
data lines 62a and 625, and triangular portions correspond-
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ing to longitudinal portions of the first and second data lines
62a and 625 and first and second thin film transistors TFT1
and TFT2.

[0052] The color filter 130 extends in a longitudinal direc-
tion across an area defined by the black matrix 120, and is
bent periodically according to the shapes of first and second
pixel electrodes 80 and 81. The color filter 130 may be
constructed such that the first and second pixel electrodes 80
and 81 have two different color components. In this case,
since the first and second sub-pixel electrodes 82 and 83 of
the first pixel electrode 80 are separated a predetermined
distance from each other, the color components of the color
filter 130 corresponding to the first pixel electrode 80 are
also separated apart from each other. Likewise, since third
and fourth sub-pixel electrodes 85 and 87 of the second pixel
electrode 81 are separated a predetermined distance from
each other, color components of the color filter 130 corre-
sponding to the second pixel electrode 81 are separated from
each other. While the exemplary embodiment has illustrated
that the color filter 130 is arranged on the common electrode
substrate 1, the color filter 130 may also be arranged on the
TFT substrate 2.

[0053] The common electrode 140 is opposite to and faces
the first and second pixel electrodes 80 and 81. Each of the
first and second cutouts 142 and 144 of the common
electrode 140 includes a portion which is tilted at an angle
of about 45 degrees with respect to a first gate line 22a or a
second gate line 225 and a portion which is tilted at an angle
of about -45 degrees with respect to the first gate line 22a
or the second gate line 224. Alternatively, protrusions may
be formed at the first and second cutouts 142 and 144 of the
commor electrode 140. The first and second cutouts 142 and
144 or the protrusions are referred to as domain-dividing
means.

[0054] Here, the first and second cutouts 142 and 144 are
bent according to bent shapes of pixels. The first cutout 142
corresponds to each of the first and the second sub-pixel
electrodes 82 and 83, and the second cutout 144 corresponds
to each of the third and fourth sub-pixel electrodes 85 and
87. Since the first and second cutouts 142 and 144 of the
common electrode 140 are bent according to the shapes of
the first and second pixel electrodes 80 and 81, each of the
first through fourth sub-pixel electrodes 82, 83, 85, and 87
is longitudinally divided into substantially two equal parts
by each corresponding one of the first and second cutouts
142 and 144. The first and second cutouts 142 and 144 serve
as domain-dividing means, and may have a width of about
9 um to about 12 pm. If the first and second cutouts 142 and
144 are formed of organic protrusions, they may have a
width of about 5 um to about 10 pm.

[0055] The first and second cutouts 142 and 144 may have
wedge-shaped notches 145. The notches 145 may be trian-
gular, square, trapezoidal, or semi-circular shaped.

[0056] An alignment layer (not shown) that allows liquid
crystal molecules 5 to be aligned in a predetermined direc-
tion may be disposed on the common electrode 140.

[0057] When a liquid crystal layer 3 is inserted between
the common electrode substrate 1 and the TFT substrate 2
coupled to each other and the liquid crystal molecules 5 of
the liquid crystal layer 3 are aligned perpendicularly with
respect to the common electrode and TFT substrates 1 and
2, a basic construction of the liquid crystal display is
completed.
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[0058] The liquid crystal molecules 5 of the liquid crystal
layer 3 are aligned so the directors of the liquid crystal
molecules 5 are inclined perpendicularly to the common
electrode and TFT substrates 1 and 2 when no electrical field
is applied between the first and second pixel electrodes 80
and 81 and the common electrode 140, and have negative
dielectric anisotropy.

[0059] The common electrode and TFT substrates 1 and 2
are disposed such that the first and second pixel electrodes
80 and 81 overlap their corresponding color filter 130. By
doing so, the first through fourth sub-pixel electrodes 82, 83,
85, and 87 are divided into a plurality of domains by the first
and second cutouts 142 and 144 of the common electrode
140. Here, as shown in FIG. 3, the first through fourth
sub-pixel electrodes 82, 83, 85, and 87 are bent and each
divided into two laterally opposite parts by the first cutout
142 and the second cutout 144. However, the liquid crystal
molecules 5 corresponding to the first through fourth sub-
pixel electrodes 82, 83, 85, and 87 are aligned in four
different directions with respect to the bent portions of the
first through fourth sub-pixel electrodes 82, 83, 85, and 87.
For example, when an area (see W2) defined by a long side
of the third sub-pixel electrode 85 and a long side of the
second cutout 144 of the common electrode 140 is defined
as a domain, the four different directions of the liquid crystal
molecules 5 corresponding to one of the first through fourth
sub-pixel electrodes 82, 83, 85, and 87 can define four
domains. That is, each pixel electrode including two sub-
pixel electrodes is divided into eight domains according to
the alignment directions of the major directors of liquid
crystal molecules in a liquid crystal layer in a voltage-on
state. At this time, a distance between two opposing long
sides of each domain, i.e., the width W2 of each domain may
be about 30 pm to about 35 um.

[0060] While the exemplary embodiment of the present
invention has illustrated that one pixel is divided into eight
domains, the present invention is not limited thereto. One
pixel may also be divided into more than eight domains.

[0061] In another embodiment, other constituent elements
such as a polarization plate, a backlight, and a compensation
plate are added to the above-described fundamental structure
to complete a liquid crystal display.

[0062] In this case, two polarization plates (not shown)
may be provided on the common electrode and TFT sub-
strates 1 and 2, respectively, wherein the transmission axis
of one of the polarization plates is parallel to the first and
second gate lines 22a and 225, whereas the transmission axis
of the other polarization plate is perpendicular to the first and
second gate lines 22¢ and 224. By doing so, the liquid
crystal molecules 5 are aligned at an angle of about 45
degrees with respect to the transmission axes of the polar-
ization plates in all the domains, thereby maximizing bright-
ness.

[0063] Each of the common electrode and TFT substrates
1 and 2 may include an alignment layer (not shown) that
allows the liquid crystal molecules 5 to be aligned perpen-
dicularly or parallel with respect to the common electrode
and TFT substrates 1 and 2.

[0064] Hereinafter, the polarities of data signals applied to
pixel electrodes and the behavior of liquid crystal molecules
when an electrical field is applied between the pixel elec-
trodes and a common electrode in a liquid crystal display
according to an embodiment of the present invention will be
described in more detail with reference to FIGS. 6A, 6B, and
7.
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[0065] First, referring to FIGS. 6A and 6B, a first pixel
electrode 80 (not shown) and a second pixel electrode 81
receive complementary data signals (opposite polarities)
from first and second data lines (refer to reference numerals
62a and 625 in FIG. 1). A driving method for applying data
signals of opposite polarities to the first pixel electrode 80
and the second pixel electrode 81 will now be described.

[0066] FIG. 6A illustrates a dot-inversion driving method
in which data signals applied to the first and second data
lines Dn and Dn+1 (e.g., 62a and 62b) have alternately
opposite polarities. That is, a data signal having positive (+)
polarity and a data signal having negative (-) polarity are
sequentially and repeatedly applied to the first data line Dn,
whereas a data signal having negative polarity and a data
signal having positive polarity are sequentially and repeat-
edly applied to the second data line Dn+1. For example, the
first data signal having positive polarity among data signals
applied to the first data line Dn is applied to a first sub-pixel
electrode 82 of the first pixel electrode 80 via a first thin film
transistor TFT1 connected to a gate line Gn+1, and is also
applied to a second sub-pixel electrode 83 via a first bridge
84. On the other hand, the first data signal having negative
polarity among data signals applied to the second data line
Dn+1 is applied to a third sub-pixel electrode 85 of the
second pixel electrode 81 via a second thin film transistor
TFT2 connected to a gate line Gn, and is also applied to a
fourth sub-pixel electrode 87 via a second bridge 89.

[0067] Since the polarities of signals applied between the
first sub-pixel electrode 82 and the third sub-pixel electrode
85, between the second sub-pixel electrode 83 and the fourth
sub-pixel electrode 87, and between the second sub-pixel
electrode 83 and the third sub-pixel electrode 85 are oppo-
site to each other, strong lateral electrical fields are formed
at inter-subpixel electrode gaps (see 92, 93, and 94 of FIG.
1). That is, since signals having opposite polarities are
applied to two adjacent sub-pixel electrodes disposed on the
same plane, such strong lateral electrical fields are formed.

[0068] FIG. 6B illustrates a line-inversion driving method
in which data signals of opposite polarities are respectively
applied to first and second data lines Dn and Dn+1 (e.g., 62a
and 624) during a period of one frame. That is, the first data
line Dn receives positive voltage as a data signal and the
second data line Dn+1 receives negative voltage as a data
signal during a period of one frame. Data signals of opposite
polarities are applied to first and second pixel electrodes 80
and 81 in substantially the same manner as the dot-inversion
driving method shown in FIG. 6A. Therefore, the polarities
of two adjacent ones of interdigitated sub-pixel electrodes
82, 83, 85, and 87 are opposite to each other, and thus, lateral
electrical fields are formed at inter-subpixel electrode gaps
(see 92, 93, and 94 of FIG. 1) like in FIG. 6A.

[0069] FIG. 7 illustrates a behavior of liquid crystal mol-
ecules 5 in each of first through fourth domains D1, D2, D3,
and D4 under a lateral electrical field and fringe electrical
field. Referring to FIG. 7, the liquid crystal molecules 5 of
the first and third domains D1 and D3 are inclined to the
right at a predetermined angle, whereas the liquid crystal
molecules 5 of the second and fourth domains D2 and D4 are
inclined to the left at a predetermined angle.

[0070] As described above, the lateral electrical field is
formed as indicated by a dotted line I at inter-subpixel
electrode gaps 91, 92, and 93 when data signals are applied
to first and second pixel electrodes 80 and 81. The fringe
electrical field is formed as indicated by a dotted line f
between a common electrode 140 and the inter-subpixel
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electrode gap 91. between a first cutout 142 and a first
sub-pixel electrode 82, between the common electrode 140
and the inter-subpixel electrode gap 92, between a second
cutout 144 and a third sub-pixel electrode 83, and between
the common electrode 140 and the inter-subpixel electrode
gap 93.

[0071] Here, when the fringe electrical field is applied to
the liquid crystal molecules 5, the liquid crystal molecules 5
of each of the first through fourth domains D1, D2, D3, and
D4 are aligned perpendicularly to a long side of each of the
first through fourth domains D1, D2, D3, and D4. In
particular, the alignment direction of the liquid crystal
molecules 5 by the fringe electrical field is the same as that
of the liquid crystal molecules 5 by the lateral electrical
field. Thus, the lateral electrical field encourages the behav-
ior of the liquid crystal molecules 5 of each of the first
through fourth domains D1, D2, D3, and D4.

[0072] Since the behavior of the liquid crystal molecules
5 can be more effectively controlled by the lateral electrical
field, the response speed can be increased. Therefore, even
when the domain width W2 shown in FIG. 3 increases, the
behavior of the liquid crystal molecules 5 can be effectively
controlled. In this regard, the domain width W2 may be
about 30 um to about 35 um. As the domain width W2
increases, the transmittance as well as the aperture ratio is
increased.

[0073] Furthermore, when the gray scale ranges from
black to white, a pretilt correction gray voltage and an
overshooting correction gray voltage may be applied to the
first and second data lines 62a and 624, thereby increasing
the response speed of the liquid crystal molecules 5. By
doing so, the alignment direction of the liquid crystal
molecules 5 can be determined prior to applying an electri-
cal field to the common electrode 140 and the first and
second pixel electrodes 80 and 81. In the exemplary embodi-
ment of the present invention, the pretilt correction gray
voltage is preferably in a range of about 2.5V to about 2.9V.

[0074] FIG. 8 is a layout view of a liquid crystal display
according to another embodiment of the present invention.

[0075] Referring to FIG. 8, each of first and second data
lines 62a and 625 includes a zigzag portion which are three
times bent along the lengthwise direction of a pixel and a
longitudinal portion which extends from both ends of the
zigzag line. Here, two longitudinal portions face each other
with respect to each of three bent portions of the zigzag line.
One of the two longitudinal portions forms an angle of about
45 degrees with respect to a first gate line 22a or a second
gate line 225, and the other one of the two longitudinal
portions forms an angle of about —45 degrees with respect to
the first gate line 22a or the second gate line 224. First and
second pixel electrodes 280 and 281 and first and second
cutouts 242 and 244 are formed in band shapes which are
three times bent according to the shape of a pixel.

[0076] Thus, sub-pixel electrodes 282, 283, 285, and 287
are divided into multiple domains by the first and second
cutouts 242 and 244. That is, since each of the sub-pixel
electrodes 282, 283, 285, and 287 is bent in zigzag forms and
longitudinally divided by the first cutout 242 or the second
cutout 244, liquid crystal molecules corresponding to each
of the sub-pixel electrodes 282, 283, 285, and 287 are
aligned in eight different directions with respect to the three
bent portions of the zigzag line and the first cutout 242 or the
second cutout 244. Therefore, each pixel electrode including
two sub-pixel electrodes are divided into 16 domains
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according to alignment directions of the major directors of
liquid crystal molecules in a liquid crystal layer under an
electrical field. Here, a distance between two long sides of
each domain, that is, a domain width, may be in a range of
about 30 um to about 35 pm. As such, as the number of
domains increases, a liquid crystal display can have a better
viewing angle.

[0077] In the liquid crystal display of the exemplary
embodiment of the present invention, the polarities of the
first and second pixel electrodes 280 and 281 and the
behavior of the liquid crystal molecules are as described
above in the previous embodiments illustrated with refer-
ence to FIGS. 1 through 7.

[0078] While the exemplary embodiment of the present
invention has illustrated that the first and second data lines
62a and 625, the first and second pixel electrodes 280 and
281, and the first and second cutouts 242 and 244 have three
bent portions, the present invention is not limited thereto.
That is, data lines, pixel electrodes, and cutouts of the
present invention may have more than three bent portions.

[0079] Data signals of opposite polarities are applied to
pixel electrodes and sub-pixel electrodes of each pixel
electrode that are alternately engaged, i.e., interdigitated,
with each other and that have opposite polarities. Thus, a
lateral electrical field is formed at a gap between two
adjacent sub-pixel electrodes. The lateral electrical field,
together with a fringe electrical field formed between a
common electrode and the pixel electrodes, enables liquid
crystal molecules to be controlled more easily. Therefore,
when an electrical field is applied to the pixel electrodes and
the common electrode, an improvement in response speed
and transmittance of the liquid crystal display can be
achieved. In addition, the liquid crystal display can have a
wider domain width while maintaining response speed and
transmittance.

[0080] Inconcluding the detailed description, those skilled
in the art will appreciate that many variations and modifi-
cations can be made to the exemplary embodiments without
substantially departing from the principles of the present
invention. Therefore, the disclosed exemplary embodiments
of the present invention are used in a descriptive sense only
and not for purposes of limitation.

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

a first substrate;

a second substrate opposite to and facing the first sub-
strate; and

a liquid crystal layer interposed between the first substrate
and the second substrate, wherein:

the first substrate includes a common electrode,

the second substrate includes gate lines disposed on an
insulating plate, first and second data lines insulated
from and intersecting the gate lines and receiving
complementary data signals, a first thin film transistor
connected to the first data line, a second thin film
transistor connected to the second data line, a first pixel
electrode connected to an output terminal of the first
thin film transistor, and a second pixel electrode con-
nected to an output terminal of the second thin film
transistor,
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the first pixel electrode has two or more interconnected
sub-pixel electrodes,

the second pixel electrode has two or more interconnected
sub-pixel electrodes, and

the sub-pixel electrodes of the first pixel electrode are
interdigitated with the sub-pixel electrodes of the sec-
ond pixel electrode.

2. The liquid crystal display of claim 1, wherein the first
pixel electrode further comprises a first bridge connecting
the sub-pixel electrodes of the first pixel electrode with each
other.

3. The liquid crystal display of claim 2, wherein the first
bridge overlaps the gate lines.

4. The liquid crvstal display of claim 2, further comprising
a storage electrode line parallel to the gate lines, wherein the
first bridge overlaps the storage electrode line.

5. The liquid crystal display of claim 1, wherein the
second pixel electrode further comprises a second bridge
connecting the sub-pixel electrodes of the second pixel
electrode with each other.

6. The liquid crystal display of claim 5, wherein the
second bridge overlaps the gate lines.

7. The liquid crystal display of claim 5, further comprising
a storage electrode line parallel to the gate lines, wherein the
second bridge overlaps the storage electrode line.

8. The liquid crystal display of claim 1, wherein the
complementary data signals applied to the first and second
data lines are for dot-inversion driving,

9. The liquid crystal display of claim 1, wherein the
complementary data signals applied to the first and second
data lines are for line-inversion driving.

10. The liquid crystal display of claim 1, wherein an area
of the first pixel electrode is substantially the same as that of
the second pixel electrode.

11. The liquid crystal display of claim 1, wherein a
spacing between the sub-pixel electrodes of the first pixel
electrode and the sub-pixel electrodes of the second pixel
electrode is in a range of about 6 um to about 8 pm.

12. The liquid crystal display of claim 1, wherein the
common electrode comprises domain-dividing means, the
sub-pixel electrodes of the first and second pixel electrodes
are divided along the first and second data lines by the
domain-dividing means, and the domain-dividing means is
disposed over the sub-pixel electrodes of the first and second
pixel electrodes.

13. The liquid crystal display of claim 12, wherein the
domain-dividing means is a cutout or a protrusion.

14. The liquid crystal display of claim 12, wherein each
of the sub-pixel electrodes of the first and second pixel
electrodes is longitudinally divided into substantially two
equal parts by the domain-dividing means.

15. The liquid crystal display of claim 1, wherein each of
the first and second pixel electrodes is divided into eight
domains according to alignment directions of major direc-
tors of liquid crystal molecules in the liquid crystal layer
under an electrical field.

16. The liquid crystal display of claim 15, wherein a width
of each domain is in a range of about 30 um to about 35 pum.

17. The liquid crystal display of claim 1, wherein each of
the first and second pixel electrodes is formed in a shape of
a band bent at least once.
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18. The liquid crystal display of claim 1, wherein the gate
lines extend in a first direction and the first and second data
lines extend in a second direction.

19. The liquid crystal display of claim 1, wherein the gate
lines extend in a first direction, and each of the first and
second data lines has a portion that is bent once or more and
a portion that extends in a second direction.

20. The liquid crystal display of claim 19, wherein in the
first and second data lines, the portion of that is bent includes
two linear portions, one linear portion forming an angle of
about 45 degrees with respect to the gate lines, and the other
linear portion forming an angle of about -45 degrees with
respect to the gate lines.

21. The liquid crystal display of claim 1, wherein when a
gray scale ranges from black to white, the first and second
data lines receive a pretilt correction gray signal voltage and
an overshoot correction gray signal voltage.

22. The liquid crystal display of claim 21, wherein when
a number of each of the first and second pixel electrodes is
one, the pretilt correction gray signal voltage is in a range of
about 2.5V to about 2.9V.

23. The liquid crystal display of claim 1, further com-
prising an organic film below the first and second pixel
electrodes.

24. The liquid crystal display of claim 1, wherein liquid
crystal molecules of the liquid crystal layer have negative
dielectric anisotropy and the long axes of the liquid crystal
molecules are aligned perpendicularly with respect to the
first and second substrates.

25. The liquid crystal display of claim 1, wherein the first
substrate further comprises a color filter and the first and
second pixel electrodes correspond to different color com-
ponents of the color filter.

26. A liquid crystal display comprising:

a first substrate;

a second substrate opposite to and facing the first sub-
strate; and

a liquid crystal layer interposed between the first substrate
and the second substrate, wherein;

the first substrate includes a common electrode,

the second substrate includes gate lines disposed on an
insulating plate, first and second data lines insulated
from and intersecting the gate lines and receiving
complementary data signals, a first thin film transistor
connected to the first data line, a second thin film
transistor connected to the second data line, a first pixel
electrode connected to an output terminal of the first
thin film transistor, and a second pixel electrode con-
nected to an output terminal of the second thin film
transistor,

the first and second pixel electrodes have interdigitated
portions,

the complementary data signals applied to the first and
second data lines are for dot-inversion driving or for
line-inversion driving, and

an area of the first pixel electrode is substantially the same
as that of the second pixel electrode.
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