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Fig. 1
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Fig. 2
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Fig. 5
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Fig. 6
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 2007-12209 filed on Feb. 6, 2007, the
disclosure of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of Invention
[0003] The present invention relates to a liquid crystal dis-

play and, more particularly, to a liquid crystal display
employing an active matrix mode.

[0004] 2. Description of the Related Art

[0005] In a liquid crystal display employing an active
matrix mode, the pixels are regularly arranged in the direc-
tions in which the vertical scan lines and the video signal lines
extend. Each pixel is provided with a TFT (thin film transis-
tor), a pixel electrode and a sub-capacitor (a storage capaci-
tor). The thin film transistor includes an input electrode con-
nected to the video signal line and an output electrode
connected to the pixel electrode. The pixel electrode faces a
common electrode with the liquid crystals between them. The
sub-capacitor is electrically connected between the output
electrode of the thin film transistor and the pixel electrode in
arow arrangement to control the tilting state or alignment of
the liquid crystals.

[0006] Japanese unexamined Patent Publication No. 2003-
150080 discloses a layout of sub-capacitors and sub-capaci-
tor lines in a liquid crystal display employing dot inversion
driving. A vertical scan line passes through the center of the
pixels aligned in the direction of the scan line. The thin film
transistors and the sub-capacitors are alternately arranged at
both sides of the vertical scan line. One of two sub-capacitor
lines is connected to the sub-capacitor arranged at one side of
the vertical scan line and the other sub-capacitor line is con-
nected to the sub-capacitor arranged at the other side of the
vertical scan line. Sub-capacitor voltages having phases
opposite to each other and varying during the off period of the
thin film transistor are provided to the two sub-capacitor
lines.

[0007] In the liquid crystal display described in the above
patent, two sub-capacitor lines are disposed corresponding to
one vertical scan line. In addition, the vertical scan line and
sub-capacitor line are disposed in the pixel and overlap each
other so that the effective aperture ratio of the pixel is reduced
and the transmittance of the liquid crystal display is lowered.

SUMMARY

[0008] The present invention, according to one aspect
thereof, provides a liquid crystal display having an improved
aperture ratio as well as better light-transmittance.

[0009] In one embodiment, a liquid crystal display com-
prises an array of pixels, a plurality of vertical scan lines
located between adjacent pixels in one direction, a plurality of
video signal lines located between adjacent pixels in another
direction, and a plurality of sub-capacitor lines located
between adjacent pixels in the same direction as the vertical
scan lines while regularly and repeatedly crossing the vertical
scan lines.

[0010] In another embodiment, a liquid crystal display
comprises an array of pixels, a plurality of vertical scan lines
located between adjacent pixels and disposed in a first con-
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ductive layer, a plurality of video signal lines located between
adjacent pixels and disposed in a second conductive layer, a
plurality of sub-capacitor lines located between adjacent pix-
els and disposed in the first conductive layer, and a plurality of
cross lines connecting the vertical scan lines and the sub-
capacitor lines to repeatedly cross each other at a predeter-
mined interval and disposed in the second conductive layer.

[0011] In another embodiment, a liquid crystal display
comprises a plurality of pixels arranged in two directions,
wherein each pixel has a thin film transistor, a pixel electrode
connected to one main electrode of the thin film transistor and
a sub-capacitor electrically connected between the thin film
transistor and the pixel electrodes, a plurality of vertical scan
lines between adjacent pixels disposed in a first conductive
layer and electrically connected to control electrodes of thin
film transistors so that the control electrodes are alternately
disposed in the upper and lower pixel region with respect to
each vertical scan line, a plurality of video signal lines dis-
posed between adjacent pixels electrically connected to
another main electrode of each thin film transistor and dis-
posed in a second conductive layer above the first conductive
layer, a plurality of sub-capacitor lines disposed between
adjacent pixels, and a plurality of cross lines for regularly and
repeatedly connecting the vertical scan lines and the sub-
capacitor lines to cross each other in the second conductive
layer.

[0012] In another embodiment, a liquid crystal display
comprises a first substrate having an array of pixels, a vertical
scan line, which is formed on the first substrate, a sub-capaci-
tor line, which is formed on the first substrate and spaced apart
from the vertical scan line, a plurality of video signal lines,
which are formed on the vertical scan line so as to define the
pixels together with the vertical scan line, and a second sub-
strate facing the first substrate wherein the pixels are classi-
fied as a first group and a second group with respect to a
virtual line parallel to the first direction, and the vertical scan
line or the sub-capacitor line extends in a serpentine manner
with respect to the virtual line between the first group and the
second group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, in which:

[0014] FIG. 11is a plan view representing a main part of a
liquid crystal display unit ofa liquid crystal display according
to a first embodiment of the present invention;

[0015] FIG. 2 is an enlarged plan view representing the
liquid crystal display unit shown in FIG. 1,

[0016] FIG. 3 is a sectional view taken along lines F3A-
F3A and F3B-F3B shown in FIG. 2;

[0017] FIG. 4 is a system circuit diagram of the liquid
crystal display according to the first embodiment of the
present invention;

[0018] FIG. 5is a time chart describing a display operation
of the liquid crystal display according to the first embodiment
of the present invention;

[0019] FIG. 6 is a plan view representing a main part of the
liquid crystal display unit of the liquid crystal display accord-
ing to a second embodiment of the present invention;

[0020] FIG. 7 is a system circuit diagram of the liquid
crystal display according to the second embodiment of the
present invention;
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[0021] FIG. 8 isa plan view representing a main part of the
liquid crystal display unit of the liquid crystal display accord-
ing to a third embodiment of the present invention; and
[0022] FIG. 9 is a system circuit diagram of the liquid
crystal display according to the third embodiment of the
present invention.

DETAILED DESCRIPTION

[0023] Hereinafter, a liquid crystal display employing an
active matrix mode according to embodiments of the present
invention will be explained with reference to accompanying
drawings. In particular, the present invention can be applied
to a small-sized and a medium-sized liquid crystal displays.
In this case, the small-sized and medium-sized liquid crystal
displays signify the liquid crystal displays including liquid
crystal display units having a size of 20 inch or less provided
in a mobile phone, a wireless device, a digital camera, or a
notebook personal computer.

First Embodiment
System Configuration of Liquid Crystal Display

[0024] Asshownin FIG. 4, aliquid crystal display employ-
ing an active matrix mode and a dot inversion drive mode
according to the first embodiment of the present invention is
provided with a liquid crystal display unit 10, a vertical scan
line drive circuit 11, a video signal line drive circuit 12, a
control circuit 13, a scan line shift register 14, a sub-capacitor
line timing generation circuit 15, a voltage generation circuit
16 and a switching circuit 17.

[0025] The liquid crystal display unit 10 is provided with a
plurality of pixels 20 (20(11), 20(12), . . . 20(21), 20(22), . ..
). a plurality of vertical scan lines 21 (21(1), 21(2), ... ), a
plurality of video signal lines 22 (22(1), 22(2), .. . )and a
plurality of sub-capacitor lines 23 (23(1), 23(2) .. .).

[0026] The pixels 20 are regularly arranged in the first
direction D1 and the second direction D2 crossing the first
direction D1. The pixels (20(11), 20(12),) are longitudinally
and transversely arranged having a respective pitch.

[0027] Each pixel 20 includes a serial circuit in whicha thin
film transistor 201 is electrically connected to a pixel capaci-
tor 202. The pixel 20 is further provided with a sub-capacitor
203. One main electrode (for example, an output electrode) of
the thin film transistor 201 is electrically connected to both
oneelectrode ofthe sub-capacitor 203 and a pixel electrode of
the pixel capacitor 202. The other main electrode (for
example, an input electrode) of the thin film transistor 201 is
electrically to a video signal line 22. The vertical scan line 21
is electrically connected to a gate electrode of the thin film
transistor 201. The thin film transistor 201 according to the
first embodiment of the present invention includes two thin
film transistors 201a and 2015 that are electrically connected
to each other in series, but the present invention is not limited
thereto.

[0028] The pixel capacitor 202 includes the pixel electrode,
a common pixel electrode facing the pixel electrode, and
liquid crystals interposed between the pixel electrode and the
common pixel electrode. The other electrode of the sub-
capacitor 203 is electrically connected to the sub-capacitor
line 23. The detailed structure of the thin film transistor 201,
the pixel capacitor 202 and the sub-capacitor 203 will be
explained later with reference to FIG. 3.

[0029] The vertical scan line (gate signal line) 21 is dis-
posed between pixels that are adjacent to each other in the first
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direction D1, and extends in the second direction D2. For
example, the vertical scan line 21(2) is disposed between the
pixel 20(11) and the pixel 20(12) that are adjacent to each
other in the first direction D1. The vertical scan line 21 is
connected to the vertical scan line drive circuit 11, and the
vertical scan line drive circuit 11 tums on the transistor 201 of
the pixel 20 connected to the vertical scan line 21 by scanning
the vertical scan line 21. The vertical scan line drive circuit 11
is connected to the control circuit 13 and its operation is
controlled by means of the control circuit 13.

[0030] A video signal line (horizontal signal line) 22 is
disposed between pixels 20 that are adjacent to each other in
the second direction, and extends in the first direction D1. For
example, the video signal line 22(2) is disposed between the
pixel 20(11) and the pixel 20(21) that are adjacent to each
other in the second direction D2. The video signal line 22 is
connected to the video signal line drive circuit 12, and the
video signal line drive circuit 12 transmits a video signal to
the pixel capacitor 202 of the pixel 20 connected to the video
signal line 22 through the thin film transistor 201 by scanning
the video signal line 22. The video signal line drive circuit 12
is connected to the control circuit 13, and its operation is
controlled by means of the control circuit 13.

[0031] The sub-capacitor line 23 is disposed between pix-
els 20, in which the corresponding vertical scan lines 21 are
aligned, and extends in the second direction D2 while regu-
larly and repeatedly crossing the corresponding vertical scan
line 21. For example, the sub capacitor 23(2) is disposed
between pixels 20(11) and 20(12) in which the vertical scan
line 21(2) is aligned, and regularly crosses the vertical scan
line 21(2). In other words, the vertical scan line 21(2) and a
sub-capacitor line 23(2) extend in the second direction D2
while regularly and repeatedly crossing each other.

[0032] The sub-capacitor line 23 is connected to a switch-
ing circuit (SW circuit) 17, and the switching circuit 17 is
connected to both the voltage generation circuit 16 and the
control circuit 13 through the sub-capacitor line timing gen-
eration circuit 15 and the scan line shift register 14. The
switching operation of the switching circuit 17 is controlled
by control circuit 13 through the scan line shift register 14 and
the sub-capacitor line timing generation circuit 15. Similarly,
the operation of the voltage generation circuit 16 is controlled
by control circuit 13. The switching circuit 17 provides vari-
ous types of voltages (for example, a sub-capacitor signal or
an overdrive signal), which are generated and supplied by the
voltage generation circuit 16 to the sub-capacitor 203 of the
pixel 20 through the sub-capacitor line 23.

Arrangement Layout of Pixels

[0033] Asshown in FIG. 4, in the liquid crystal display unit
10 according to the first embodiment of the present invention,
the pixels (20(11),20(21), 20(31),20(41), .. . ) are positioned
in the region between the vertical scan lines 21(1) and 21(2)
that are adjacent to each other in the first direction D1. The
pixels (20(11), 20(31), . . . ), which are arranged at odd
number positions in the second direction D2, are connected to
one vertical scan line 21(1), and the pixels 20(21), 20(41), . .
. and 20(2x1), which are arranged at even number positions,
are conrected to the other vertical scan line 21(2). That is,
pixels 20(11), 20(21), 20(31), 20(41), . . . and 20(r1) are
alternately connected to one side and the other side of the
vertical scan line 21 at every pixel 20 (at every one dot).

[0034] The liquid crystal display 1 according to the first
embodiment of the present invention is a color liquid crystal
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display, and a color filter 25 is disposed on each pixel 20. The
color filters 25 of red (R), green (G) and blue (B) are assigned
to the pixels 20(11), 20(21) and 20(31) that are arranged in the
second direction D2, respectively. The color filters 25 of red
(R), green (G) and blue (B) are also assigned to the pixels of
the next row 20(41), 20(51) and 20(61) that are arranged in
the second direction D2, respectively. The red (R) color filters
25 are assigned to the pixels (20(11), 20(12), . . . ) that are
arranged in the first direction D1, respectively. The green (G)
color filters 25 are assigned to the pixels (20(21), 20(22), . ..
) that are adjacent to the pixels 20(11) and 20(12), and
arranged in the first direction D1. The blue (B) color filters 25
are assigned to the pixels (20(31), 20(32), . . . ) that are
adjacent to the pixels 20(21) and 20(22) and arranged in the
first direction D1.

[0035] The pixels (20(11), 20(21), 20(31), 20(41), ... ) are
located in the region between the vertical scan lines 21(2) and
21(3) that are adjacent to each other in the first direction D1.
The pixels (20(12), 20(32), . . . ) in the odd-numbered posi-
tions in the second direction D2 are connected to one vertical
scan line 21(2), and the pixels (20(22), 20(42), . . . ) in the
even-numbered positions are connected to the other vertical
scan line 21(3). The connection relationship of the pixels 20
located between the vertical scan lines 21 at the following
rows is the same as in the previous rows.

[0036] Intheregion between the adjacent video signal lines
22(1)and 22(2), the pixels (20(11),20(12), . .. ) are connected
to one video signal line 22(1).

[0037] Intheregion between the adjacent video signal lines
22(2)and 22(3), the pixels (20(21),20(22),. .. ) are connected
to one video signal line 22(2). The connection relationship of
the pixels 20 arranged between the video signal lines 22 at the
following columns is the same as that of the previous col-
umns.

Detailed Sectional Structure and Plan Structure of Liquid
Crystal Display

[0038] Hereinafter, the sectional structure and the plan
structure of the liquid crystal display 1 according to the first
embodiment of the present invention will be explained in
detail. As shown in FIG. 3 (on the left), the liquid crystal
display 1 is provided with an insulating substrate 110 having
arectangular shape, an opposite substrate 121 installed on the
top surface of the insulating substrate 101 and having a rect-
angular shape smaller than the insulating substrate 101, and
liquid crystals 111 interposed between the insulating sub-
strate 101 and the opposite substrate 121.

[0039] Since the liquid crystal display 1 according to the
first embodiment of the present invention employs a trans-
mission type liquid crystal display, the insulating substrate
101 and the opposite substrate 121 include transparent glass.
[0040] One thin film transistor 201a of the thin film tran-
sistor 201 forming the pixel 20 is formed on the insulating
substrate 101 by interposing a base insulating layer 102 ther-
ebetween, and is provided with a channel area 1035, a pair of
main electrodes (input electrode or output electrode) 103a
and 103¢ installed at both sides of the channel area 1035,
respectively, a gate insulating layer 104 formed on the chan-
nel area 1035, and a control electrode (gate electrode) 105
formed on the gate insulating layer 104. The other thin film
transistor 2015 of the thin film transistor 201 has the same
structure as one thin film transistor 201a. The other thin film
transistor 2015 is formed on the insulating substrate 101 by
interposing the base insulating layer 102 therebetween and is
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provided with a channel area 1035, a pair of main electrodes
1034 and 103¢ installed at both sides of the channel area
1035, respectively, a gate insulating layer 104 formed on the
channel area 10354, and a control electrode 105 formed on the
gate insulating layer 104.

[0041] The channel area 1035 and the main electrode 103a
are formed of the same conductive layer and include the same
semiconductor thin film. Main electrodes 103a of the thin
film transistor 201a and 2015, which are adjacent to each
other, are shared by the thin film transistor 201a and 2015. For
example, the semiconductor thin film may include a polycrys-
tal silicon layer (low temperature polysilicon layer), which is
formed at a low temperature and does not exert an influence
upon the insulating substrate 101 during the manufacturing
process. In addition, the semiconductor thin film may include
amorphous silicon.

[0042] According to the first embodiment of the present
invention, the main electrode 103a is an n-type electrode, so
the thin film transistor 201 is an n-channel conductivity type.
The control electrode 105 may include a gate material. For
instance, the control material may include a single layer
including any one selected from the group consisting of a
polycrystal silicon layer, a metal layer having a high-melting
point formed at a low temperature by a sputtering, a silicide
layer having a high-melting point, a MoW layer and an alu-
minum alloy layer. In addition, the gate material may include
a composite layer obtained by combining at least two of the
polycrystal silicon layer, the metal layer, the silicide layer, the
MoW layer and the aluminum alloy layer.

[0043] The other main electrode 1034 of the thin film tran-
sistor 201a is connected to the video signal line 1064(22)
installed on a conductive layer of the control electrode 105.
The video signal line 106/ may include a material having
specific resistance lower than that of each control electrode
105 of the thin film transistors 201a and 2015. For example,
the video signal line 106/ may include an aluminum alloy
layer such as an aluminum thin film obtained by adding
silicon or copper thereto. In addition, the aluminum alloy
layer is not limited to the single layer, but a lower portion
thereof can include a barrier metal layer, or an upper portion
thereof can include an anti-reflection layer capable of pre-
venting reflection during the exposure process of the photo-
lithography process.

[0044] The sub-capacitor 203 includes a first electrode
(lower electrode) 103¢, a dielectric layer 104¢ formed on the
first electrode 103¢, and a second electrode (upper electrode)
105¢. The first electrode 103¢ is integrally formed with the
other main electrode 1034 of the thin film transistor 2015 so
as to be shared. That is, the first electrode 103¢ and the main
electrode 103a are formed of the same conductive layer, and
include the same conductive material. The dielectric layer
104¢is formed together with each gate-insulating layer 104 of
the thin film transistors 201a and 2015, and includes an insu-
lating material the same as that of each gate-insulating layer
104. The second electrode 105¢ is formed together with each
control electrode 105 of the thin film transistors 201a and
2015, and includes the same conductive material the same as
that of the control electrode 105.

[0045] The pixel capacitor 202 includes the pixel electrode
(first electrode or bottom electrode) 107, the common pixel
electrode (second electrode or top electrode) 124 facing the
pixel electrode 107, and the dielectric layer (reference
numeral is omitted) formed between the pixel electrode 107
and the common pixel electrode 124. The pixel electrode 107
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is electrically connected with the first electrode 103¢ of the
sub-capacitor 203 through an intermediate interconnection
106a. The intermediate interconnection 106a is formed
together with the video-signal line 106/(22) and includes the
same conductive material as that of the video signal line
106/(22). That is, the intermediate interconnection 1064 is
disposed at the conductive layer above the control electrode
105 of the thin film transistor 201. The pixel electrode 107 is
disposed at a conductive layer above the intermediate inter-
connection 106a.

[0046] The pixel electrode 107 can include an ITO (indium
tin oxide) layer in practice. The dielectric layer of the pixel
capacitor 202 includes a dielectric substance between the
pixel electrode 107 and the common pixel electrode 124. The
dielectric layer includes an alignment layer disposed at the
insulating substrate 101, an alignment layer disposed at the
opposite substrate 121 and liquid crystals 111 filled between
both alignment layers. As shown in FIG. 3, a passivation layer
110 is formed on the insulating substrate 101, and the passi-
vation layer 110 includes at least one of an interlayer dielec-
tric layer formed between the control electrode 105 and the
video signal line 106/, an interlayer dielectric layer formed
between the intermediate interconnection 1064 and the pixel
electrode 107, and an uppermost alignment layer.

[0047] Inaddition, a color filter layer 122, an overcoat layer
123, the common pixel electrode 124, and a passivation layer
125 are sequentially stacked on the opposite substrate 121
(see, lower part of FIG. 3). Each of red, green and blue color
filters is arranged on each pixel. Although the structure of the
color filter layer 122 is not described in detail, the color filter
layer 122 is provided with a black matrix layer and a colored
layer having a red color, a green color or a blue color. The
overcoat layer 123 is formed on the color filter layer 122.
[0048] The common pixel electrode 124 is formed on the
overcoat layer 123, and the common pixel electrode 124 as
well as the pixel electrode 107 may include an ITO layer. The
passivation layer 125 includes an alignment layer.

[0049] As shown in FIGS. 1, 2 and 3, the control electrode
105 of the thin film transistor 201 is electrically connected to
the vertical scan line 105¢(21). The vertical scan line 105g
and the control electrode 105 are formed of the same conduc-
tive layer, and include the same conductive material. That is,
the vertical scan line 105¢g and the control electrode 105 are
integrally formed. Particularly. as shown in FIGS. 1 and 2, the
vertical scan line 105¢ linearly extends in the second direc-
tion D2 between the pixel electrode 107 of the pixel 20(11)
and the sub-capacitor 203 of the pixel 20(12), between the
sub-capacitor 203 of the pixel 20(21) and the pixel electrode
107 of the pixel 20(22), and between the pixel electrode 107
of the pixel 20(31) and the sub-capacitor 203 of the pixel
20(32), etc. That is, the sub-capacitors 203 are alternately and
repeatedly arranged in the second direction D2 at upper/lower
sides about the vertical scan line 105¢ at every pixel.

[0050] The sub-capacitor line 23 includes a connecting line
105s, the second electrode 105¢ of the sub-capacitor 203, and
across line 106g crossing the vertical scan line 105g(21). The
connecting lines 105s are alternately and repeatedly disposed
atupper/lower sides about the vertical scan line 105g at every
pixel and extend in the second direction D2. The connecting
line 1055 is spaced apart from the vertical scan line 105¢ by a
predetermined interval, and extends parallel to the second
direction D2. The connecting line 105s, the vertical scan line
105¢g and the second electrode 105¢ of the sub-capacitor 203
are formed of the same conductive layer, and includes the
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same conductive material. That is, the connecting line 105s is
integrally formed with the second electrode 105¢, and is
electrically connected to the second electrode 105¢.

[0051] The cross line 106g electrically connect the con-
necting line 105s disposed at the upper side of the vertical
scan line 105g with the second electrode 105¢ disposed at the
lower side of the vertical scan line 105g by crossing the
vertical scan line 105¢g. In addition, the cross line 106g elec-
trically connects the second electrode 105¢ disposed at the
upper side of the vertical scan line 105g with the connecting
line 105s disposed at the lower side of the vertical scan line
105¢g by crossing the vertical scan line 105g. The connecting
line 106g and the video signal line 106/(22) are formed of the
same conductive layer, and includes the same conductive
material. That is, the sub-capacitor line 23 is formed by
sequentially connecting the connecting line 105s, the second
electrode 105c¢, the cross line 106g, the connecting line 105s,
the second electrode 105¢, the cross line 106g, etc.

Display Operation of Liquid Crystal Display

[0052] The liquid crystal display according to the first
embodiment of the present invention is operated by the dot
inversion drive mode, which will be described below with
reference to FIGS. 1to 5. The display operation of the liquid
crystal display will be explained based on the color display
operation of the pixel 20(12) on which the red, the green, and
the blue color filter layer 122 are disposed.

[0053] The control circuit 13 drives the vertical scan line
drive circuit 11 so that the vertical scan line drive circuit 11
selects the vertical scan line 21(2). A vertical scan signal
having a voltage pulse shown in FIG. 5 is provided to the
selected vertical scan line 21(2). The vertical scan signal is
applied to each control electrode 105 of the thin film transis-
tors 201 of the pixels (20(21), 20(41), . . . ), which are dis-
posed between the selected vertical scan line 21(2) and the
upper vertical scan line 21(1) adjacent to the selected vertical
scan line 21(2). Likewise, the vertical scan signal is applied to
each control electrode 105 of the thin film transistors 201 of
the pixels (20(12), 20(32), . . . ), which are disposed between
the selected vertical scan line 21(2) and the lower vertical
scan line 21(3) adjacent to the selected vertical scan line
21(2). The thin film transistor 201 is turned on as the vertical
scan signal is applied thereto.

[0054] The control circuit 13 drives the video signal line
drive circuit 12, and the video signal line drive circuit 12
selects the video signal line 22(1), 22(2) and 22(3). A video
signal having a voltage pulse as shown in FIG. 5 is provided
to the selected video signal line 22(1), 22(2) and 22(3). The
voltage level of the video signal is changed depending on the
display color and the gray scale. The video signal is provided
to the main electrode 103 of the thin film transistor 201 of the
pixel 20(12) connected to the video signal line 22(1), the main
electrode 103 of the thin film transistor 201 of the pixel 20(21)
connected to the video signal line 22(2), and the main elec-
trode 103 of the thin film transistor 201 of the pixel 20(32)
connected to the video signal line 22(3).

[0055] Since the thin film transistor 201 has been turned on,
the video signal is transmitted to the pixel electrode 107 of the
pixel 20(12) defined by the vertical scan line 21(2) and the
video signal line 22(1); the pixel 20(21) defined by the verti-
cal scan line 21(2) and the video signal line 22(2); and the
pixel 20(32) defined by the vertical scan line 21(2) and the
video signal line 22(3). In the pixels 20(12), 20(21) and
20(32), since the video signal is provided to the pixel elec-
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trode 107, the voltage between the pixel electrode 107 and the
common pixel electrode 124 of the pixel capacitor 202 is
varied, controlling the alignment of the liquid crystals and
changing the transmittance of light passing through the liquid
crystals 11 so that the image is displayed.

[0056] In synchronization with the selecting operation of
the video signal line 22(1) to 22(3), the control circuit 13
drives the switching circuit 17 through each of the scan line
shift register 14 and the sub-capacitor line timing generation
circuit 15.

[0057] Asshown in FIG. 5, the switching circuit 17 accord-
ing to the first embodiment of the present invention provides
the sub-capacitor line 23(2) with four sub-capacitor signals
V1~V4 having different voltage levels generated by the volt-
age generation circuit 16. The signals are provided in a pre-
determined order during a predetermined period.

[0058] The sub-capacitor signal V3 has a certain voltage
level when the sub-capacitor line 23(2) is not selected. The
sub-capacitor signal V2 has a voltage level when the sub-
capacitor line 23(2) is selected (during the first field period).
The sub-capacitor signal V1 has a voltage level to positively
overdrive the voltage level of the sub-capacitor signal V2
during an overdrive period. The sub-capacitor signal V4 has a
voltage level to negatively overdrive the voltage level of the
sub-capacitor signal V2 during an overdrive period such that
the voltage level of the sub-capacitor signal V2 becomes
lower than the voltage level of the sub-capacitor signal V3.
That is, the sub-capacitor signal V1 has the highest voltage
level and the voltage level is gradually lowered in the order of
sub-capacitor signals V2, V3 and V4.

[0059] Accordingly, in the liquid crystal display 1, the sub-
capacitor 203 is positively overdriven by the sub-capacitor
signal V1 in synchronization with the video signal transmis-
sion to the pixel capacitor of the pixel 20, and the sub-capaci-
tor 203 is negatively overdriven by the sub-capacitor signal
V4 in synchronization with the end of the video signal trans-
mission. Therefore, the alignment control (tilting control) of
the liquid crystals can be performed at a high speed.

[0060] The display operation of the pixels 20(41), 20(52)
and 20(61), which are aligned in the next row and connected
to the vertical scan line 21(2) to which the pixels 20(12),
20(21) and 20(32) are connected, is performed simulta-
neously with the display operation of the pixels 20(12),
20(21) and 20(32). When the display operation of pixels 20
for one horizontal period ends, the pixels 20 connected to the
next vertical scan line 21(3) adjacent to the vertical scan line
21(2) in the first direction D1 begins.

Characteristic of Liquid Crystal Display

[0061] As described above, the liquid crystal display 1
employing the dot inversion drive mode according to the first
embodiment shown in FIGS. 1, 2 and 4 includes the sub-
capacitor line 23. The sub-capacitor line 23 is disposed
between the pixels 20 in which the vertical scan lines 21 are
disposed and repeatedly crosses the vertical scan lines 21 ata
predetermined interval, that is, at every pixel 20 (single dot),
and extends in the second direction D2. Each sub-capacitor
line 23 extends in the second direction D2 in a serpentine
(zig-zag) manner while repeatedly crossing the vertical scan
line 21 extending in the second direction D2 between pixels
20 adjacent to each other in the first direction D1. The liquid
crystal display 1 having the above structure is provided with
a single sub-capacitor line 23 corresponding to a single ver-
tical scan line 21, and the number of the sub-capacitor lines 23
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extending on the liquid crystal display unit 10, particularly,
the number of the sub-capacitor lines 23 crossing the pixels
20 can be decreased, thereby improving the aperture ratio and
the light transmittance of the pixel 20.

[0062] In the liquid crystal display according to the first
embodiment of the present invention, as shown in FIGS. 2 and
3, the sub-capacitor line 23 includes the connecting line 105s,
the second electrode 105¢ of the sub-capacitor 203 and the
cross line 106g. The connecting line 105s, the second elec-
trode 105¢ and the vertical scan line 105g(21) are formed of
the same conductive layer, and include the same conductive
material. The cross line 106g and the video signal line 106/
(22) are formed of the same conductive layer, and include the
same conductive material. Accordingly, an additional con-
ductive layer is not needed in the liquid crystal display 1, and
additional steps are not needed in the manufacturing process.
Therefore, the sub-capacitor line 23 capable of improving the
light transmittance of the pixel 20 can be easily realized by
simply changing the layout.

Second Embodiment

[0063] Inthe second embodiment of the present invention,
the crossing interval between the vertical scan line 21 and the
sub-capacitor line 23 is changed as compared with the liquid
crystal display employing the dot inversion drive mode
described above. In the second embodiment and the third
embodiment to be described below, the same reference
numerals will be assigned to the same elements of the first
embodiment of the present invention and detailed description
thereof will be omitted.

Arrangement Layout of Pixels of Second Embodiment

[0064] As shown in FIGS. 6 and 7, in the liquid crystal
display unit 10 of the liquid crystal display 1 according to the
second embodiment of the present invention, three pixels
20(11), 20(21) and 20(31), which are arranged in the second
direction D2, are connected to one vertical scan line 21(1),
and three pixels 20(41), 20(51) and 20(61), which are
arranged in the second direction D2, are connected to the
other vertical scan line 21(2) between the vertical scan lines
21(1) and 21(2) that are adjacent to each other in the first
direction D1. That is, pixels (20(11), 20(21), 20(31), 20(41) .
.. )are alternately connected to one side and the other side of
the vertical scan line 21 at every three pixels.

[0065] The liquid crystal display 1 according to the second
embodiment of the present invention displays a color image,
so that a color filter 25 is disposed on each pixel 20. The color
filters of red (R), green (G) and blue (B) are assigned to the
pixels 20(11), 20(21) and 20(31) that are arranged in the
second direction D2, respectively. Three pixels 20(11),
20(21) and 20(31) form a single pictures element. Likewise,
the color filters of red (R), green (G) and blue (B) are again
assigned to the pixels 20(41), 20(51) and 20(61) that are
arranged in the second direction D2, respectively. The color
filters of red (R) are assigned to the pixels (20(11), 20(12), ..
. ) that are arranged in the first direction D1, respectively. The
color filters of green (G) are assigned to the pixels 20(21),
20(22), .. .), respectively. The color filters of blue (B) 25 are
assigned to the pixels 20(31), 20(32), . . . ), respectively.
[0066] The connection relationship of the pixels (20(12),
20(22),20(32),20(42),20(52),20(62) . .. ) arranged between
the vertical scan lines 21(2) and 21(3) of the next row, which
are adjacent to each other in the first direction D1, is identical
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to the connection relationship of the pixels in the previous
row. That is, the three pixels 20(12), 20(22) and 20(32) that
are arranged in the second direction D2 are connected to one
vertical scan line 21(2), and the pixels 20(42), 20(52) and
20(62) are connected to the other vertical scan line 21(3). The
connection relationship of the pixels 20 arranged between the
vertical scan lines 21 at the following rows is identical to the
connection relationship of the pixels in the previous rows.
[0067] In the region between the video signal lines 22(1)
and 22(2), which are adjacent to each other in the second
direction D2, the pixels (20(11),20(12), . .. ) that are arranged
in the first direction D1 are connected to one video signal line
22(1). In the region between the video signal lines 22(2) and
22(3) of the next column, which are adjacent to each other in
the second direction D2, the pixels (20(21), 20(22), . . .) that
are arranged in the first direction D1 are connected to the
other video signal line 22(2). The connection relationship of
the pixels 20 arranged between the video signal lines 22 at the
following columns is identical to that of the previous col-
umns.

[0068] In the liquid crystal display 1 employing the dot
inversion drive mode according to the second embodiment of
the present invention having the above structure, the sub-
capacitor line 23 is disposed in the region between pixels 20
in which the corresponding vertical scan lines 21 are dis-
posed, and extends in the second direction D2 while regularly
and repeatedly crossing the corresponding vertical scan line
21. For example, the sub capacitor 23(2) is disposed in the
region between pixels 20(11) and 20(12) in which the vertical
scan line 21(2) is disposed, and regularly crosses the vertical
scan line 21(2). Particularly, as shown in FIG. 6, the vertical
scan line 21(2) linearly extends in the second direction D2
between each pixel electrode 107 of three pixels 20(11),
20(21) and 20(31) and each sub-capacitor 203 of three pixels
20(12), 20(22) and 20(32), and between each sub-capacitor
203 of three pixels 20(41), 20(51) and 20(61) and each pixel
electrode 107 of three pixels 20(42), 20(52) and 20(62).
[0069] That is, the sub-capacitors 203 are alternately and
repeatedly arranged at upper/lower sides about the vertical
scan line 21(2) in the second direction D2 at every three
pixels. The detailed sectional structure of the sub-capacitor
23 is the same as that of the sub-capacitor 23 shown in FIG. 3
according to the first embodiment of the present invention.
The sub-capacitor line 23 includes a connecting line 105s, the
second electrode 105¢ of the sub-capacitor 203, and a cross
line 106g crossing the vertical scan line 21. That is, in the
liquid crystal display according to the second embodiment of
the present invention, the sub-capacitor line 23 repeatedly
crosses the vertical scan line 21 at every three pixels 20 or at
every picture element, and extends in the second direction
D2.

Characteristic of Liquid Crystal Display

[0070] Referring to FIGS. 6 and 7, the liquid crystal display
1 employing the dot inversion drive mode according to the
second embodiment of the present invention includes the
sub-capacitor line 23. The sub-capacitor line is disposed
between the pixels 20 in which the vertical scan lines 21 are
disposed. The sub-capacitor line 23 repeatedly crosses the
vertical scan lines 21 at a predetermined interval, that is, at
every three pixels 20 (three dots) or every single picture
element, and extends in the second direction D2. Each sub-
capacitor line 23 extends in the second direction D2 in a
serpentine (zig-zag) manner while repeatedly crossing the
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vertical scan line 21 extending in the second direction D2
between pixels 20 adjacent to each other in the first direction
D1. The liquid crystal display 1 having the above structure is
provided with one sub-capacitor line 23 corresponding to a
single vertical scan line 21, and the number of the sub-capaci-
tors lines 23 extending on the liquid crystal display unit 10,
that is, the number of the sub-capacitor lines 23 crossing the
pixels 20 can be decreased, thereby improving the aperture
ratio and the light transmittance of the pixel 20.

[0071] Since the sub-capacitor line 23 repeatedly crosses
the vertical scan line 21 at every three pixels or every single
picture element, the number of the cross lines 106g of the
sub-capacitor 23 is decreased by 5 as compared with the
number of cross lines 106g of the sub-capacitor 23 according
to the first embodiment of the present invention.

[0072] Similar to the liquid crystal display according to the
first embodiment of the present invention, in the liquid crystal
display according to the second embodiment of the present
invention, the connecting line 105s, the second electrode
105¢ and the vertical scan line 105g(21) are formed of the
same conductive layer, and include the same conductive
material. The cross line 106g and the video signal line 106/
(22) are formed of the same conductive layer, and include the
same conductive material. Accordingly, the sub-capacitor 23
capable of improving the light transmittance of the pixel 20
can be easily realized by simply changing the layout.

Third Embodiment

[0073] The third embodiment is different from the liquid
crystal display employing the dot inversion drive mode
according to the second embodiment in that the vertical scan
line 21 alternately and repeatedly extends in a serpentine
manner with respect to the sub-capacitor 23.

Arrangement Layout of Pixel and Detailed Plan Structure of
Liquid Crystal Display

[0074] As shown in FIGS. 8 and 9, in the liquid crystal
display unit 10 according to the third embodiment, three
pixels 20(11), 20(21) and 20(31) arranged in the second
direction D2 are connected to one vertical scan line 21(1), and
three pixels 20(41), 20(51) and 20(61), which are arranged in
the second direction D2, are connected to the other vertical
scan line 21(2) between the vertical scan lines 21(1) and 21(2)
thatare adjacent to each other in the first direction D1. That is,
pixels (20(11), 20(21), 20(31), 20(41) . . . ) are alternately
connected to one side and the other side of the vertical scan
line 21 at every three pixels (at every three dots).

[0075] Furthermore, the liquid crystal display 1 according
to the second embodiment displays a color image, so that a
color filter 25 is disposed on each pixel 20. The color filters of
red (R), green (G) and blue (B) are assigned to the pixels
20(11), 20(21) and 20(31) that are arranged in the second
direction D2, respectively. Three pixels 20(11), 20(21) and
20(31) form a single picture element. Likewise, the color
filters of red (R), green (G) and blue (B) are again assigned to
the pixels 20(41), 20(51) and 20(61) that are arranged in the
second direction D2, respectively. The color filters of red (R)
are assigned to the pixels (20(11), 20(12), . . . ) that are
arranged in the first direction D1, respectively. The color
filters of green (G) are assigned to the pixels (20(21), 20(22),
...), respectively. The color filters of blue (B) are assigned to
the pixels (20(31), 20(32), .. . ), respectively.
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[0076] The connection relationship of the pixels (20(12),
20(22),20(32),20(42),20(52),20(62) . .. ) arranged between
the vertical scan lines 21(2) and 21(3) of the next row, which
are adjacent to each other in the first direction D1, is the same
as the connection relationship of the pixels of the previous
rows. That is, the three pixels 20(12), 20(22) and 20(32) that
are arranged in the second direction D2 are connected to one
vertical scan line 21(2), and the pixels 20(42) and 20(52) and
20(62) are connected to the other vertical scan line 21(3). The
connection relationship of the pixels 20 arranged between the
vertical scan lines 21 in the following rows is the same as the
connection relationship of the pixels arranged in the previous
rows.

[0077] In the region between the video signal lines 22(1)
and 22(2), which are adjacent to each other in the second
direction D2, the pixels (20(11), 20(12), . . . ), which are
arranged in the first direction D1, are connected to one video
signal line 22(1). In the region between the video signal lines
22(2) and 22(3), which are adjacent to each other in the
second direction D2, the pixels (20(21), 20(22), . . . ) that are
arranged in the first direction D1 are connected to the other
video signal line 22(2). The connection relationship of the
pixels 20 arranged between the video signal lines 22 in the
following columns is the same as that of the pixels arranged in
the previous columns.

[0078] In the liquid crystal display 1 employing the dot
inversion drive mode according to the third embodiment hav-
ing the above structure, the sub-capacitor line 23 is disposed
in the region between pixels 20 in which the corresponding
vertical scan line 21 is disposed, and extends in the second
direction D2 while regularly and repeatedly crossing the cor-
responding vertical scan line 21. For example, the sub capaci-
tor 23(2) is disposed on a region between pixels 20(11) and
20(12), in which the vertical scan line 21(2) is disposed, and
regularly crosses the vertical scan line 21(2).

[0079] Particularly, as shown in FIG. 8, the vertical scan
line 21(2) extend in the second direction D2 between each
pixel electrode 107 of three pixels 20(11), 20(21) and 20(31)
and each sub-capacitor 203 of three pixels 20(12), 20(22) and
20(32), and between each sub-capacitor 203 of three pixels
20(41), 20(51) and 20(61) and each pixel electrode 107 of
three pixels 20(42), 20(52) and 20(62). Different from the
liquid crystal display of the second embodiment, in the liquid
crystal display according to the third embodiment, the sub-
capacitor line 23 linearly extends, and the vertical scan line 21
extends in the second direction D2 while alternately and
repeatedly crosses the sub-capacitor line 23. That is, the ver-
tical scan lines 21(2) are alternately arranged at upper/lower
sides about the sub-capacitor 203 at every three pixels 20 in
the second direction D2.

[0080] The detailed sectional structure of the sub-capacitor
23 is similar to the sub-capacitor 23 of the liquid crystal
display 1 according to the first embodiment shown in FIG. 3.
The sub-capacitor line 23 includes a connecting line 105s,
and a second electrode 105¢ of the sub-capacitor 203. The
connecting line 105s and the second electrode 105¢ are
repeatedly disposed in the second direction D2. The sub-
capacitor line 23 is integrally formed with the connecting line
105s and the second electrode 105¢. The vertical scan line 21
includes vertical scan lines 105g and cross lines 106s. The
vertical scan lines 105g are alternately disposed at upper/
lower sides about the sub-capacitor line 23 at every three
pixels or at every picture element. The cross lines 106s con-
nect the upper vertical scan line 105¢g to the lower vertical
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scan line 105¢g by crossing the sub-capacitor 23, particularly,
the second electrode 105¢. The cross lines 106s and the video
signal lines 22 are formed as a same conductive layer and
include a same conductive material.

Characteristic of Liquid Crystal Display

[0081] Referring to FIGS. 8 and 9, the liquid crystal display
1 employing the dot inversion drive mode according to the
third embodiment includes sub-capacitor line 23. Sub-ca-
pacitor line 23 is disposed between the pixels 20 in which the
vertical scan lines 21 are disposed. In addition, the sub-ca-
pacitor line 23 repeatedly crosses the vertical scan lines 21 at
a predetermined interval, that is, at every three pixels 20
(three dots) or every single picture element, and extends in the
second direction D2. Each vertical scan line 21 between adja-
cent pixels 20 in the first direction D1 extends in the second
direction D2 in a serpentine (zig-zag) manner while repeat-
edly crossing the sub-capacitor line 23 extending in the sec-
ond direction D2.

[0082] The liquid crystal display 1 having the above struc-
ture is provided with one sub-capacitor line 23 corresponding
to a single vertical scan line 21, and the number of the sub-
capacitors lines 23 extending in the liquid crystal display unit
10, that is, the number of the sub-capacitor lines 23 crossing
the pixels 20 can be decreased, thereby improving the aper-
ture ratio and the light transmittance of the pixel 20. In addi-
tion, since the vertical scan line 21 repeatedly crosses the
sub-capacitor line 23 at every three pixels or every single
picture element, the number of the cross lines 106s of the
vertical scan line 21 in the second direction D2 can be
decreased.

[0083] In the liquid crystal display according to the third
embodiment, since the vertical scan line 21 extends in a
serpentine (zig-zag) manner and the sub-capacitor 23 deter-
mining the charge of the pixel capacitor 202 of the pixel 20
(that is, the potential applied to the pixel electrode 107) I
extends linearly, the parasitic capacity or parasitic resistance
applicable to the sub-capacitor can be reduced.

[0084] Further, the connecting line 105s, the second elec-
trode 105¢ and the vertical scan line 105g(21) are formed of
the same conductive layer and include the same material. The
cross line 106s of the vertical scan line 21 and the video signal
line 22 are formed as a same conductive layer and include a
same material. Therefore, the sub-capacitor 23 capable of
improving the light transmittance of the pixel 20 can be easily
realized by simply changing the layout.

Other Embodiments

[0085] The present invention is not limited to the above
embodiments. For example, the present invention can be
applied to an organic electro luminescence display device
employing the active matrix mode and the dot inversion drive
mode.

[0086] According to the present invention, the liquid crys-
tal display can improve the aperture ratio of the pixel and the
light transmittance of the pixel.

[0087] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.
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What is claimed is:

1. A liquid crystal display comprising:

a plurality of pixels arranged in an array; a plurality of
vertical scan lines disposed between adjacent pixels;

aplurality of video signal lines disposed between adjacent
pixels; and

a plurality of sub-capacitor lines disposed between adja-
cent pixels extend in the same direction as the vertical
scan lines while regularly and repeatedly crossing the
vertical scan lines.

2. The liquid crystal display of claim 1, wherein each
sub-capacitor line extends in a serpentine manner with
respect to each vertical scan line, and repeatedly crosses each
vertical scan line.

3. The liquid crystal display of claim 1, wherein each
vertical scan line extends in a serpentine manner with respect
to each sub-capacitor line, and repeatedly crosses each sub-
capacitor line.

4. The liquid crystal display of claim 1, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every pixel.

5. The liquid crystal display of claim 1, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every three pixels.

6. The liquid crystal display of claim 1, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every picture element.

7. A liquid crystal display comprising:

an array of pixels;

aplurality of vertical scan lines disposed between adjacent
pixels arranged in a first conductive layer;

aplurality of video signal lines disposed between adjacent
pixels arranged in a second conductive layer;

a plurality of sub-capacitor lines disposed between adja-
cent pixels arranged in the first conductive layer; and

a plurality of cross lines for connecting the vertical scan
lines and the sub-capacitor lines to repeatedly cross each
other at a predetermined interval and arranged in the
second conductive layer.

8. The liquid crystal display of claim 7, wherein each
sub-capacitor line alternately extends at both sides of each
vertical scan line in the second direction.

9. The liquid crystal display of claim 7, wherein each
vertical scan line alternately extends at both sides of each
sub-capacitor line in the second direction.

10. The liquid crystal display of claim 7, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every pixel.

11. The liquid crystal display of claim 7, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every three pixels.

12. The liquid crystal display of claim 7, wherein each of
the vertical scan line repeatedly crosses each sub-capacitor
line at every picture element.

13. A liquid crystal display comprising:

a plurality of pixels each having a thin film transistor,

a pixel electrode connected to a main electrode of the thin
film transistor and a sub-capacitor electrically connected
between the thin film transistor and the pixel electrode;

aplurality of vertical scan lines disposed between adjacent
pixels arranged in a first conductive layer and electri-
cally connected to alternately arranged control elec-
trodes of thin film transistors at upper and lower pixel
regions with respect to each vertical scan line;
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a plurality of video signal lines disposed between adjacent
pixels electrically connected to another electrode of
each thin film transistor, and arranged in a second con-
ductive layer above the first conductive layer;

a plurality of sub-capacitor lines disposed between adja-
cent pixels and

a plurality of cross lines for connecting the vertical scan
lines and the sub-capacitor lines to regularly and repeat-
edly cross each other arranged at the second conductive
layer.

14. The liquid crystal display of claim 13, wherein one
electrode of the sub-capacitor and the two electrodes of the
thin film transistor are arranged in the second conductive
layer, and the other electrode of the sub-capacitor and the
control electrode of the thin film transistor are arranged in the
first conductive layer.

15. The liquid crystal display of claim 13, wherein the
sub-capacitor lines include first and second lines that are
electrically connected through the cross lines and respec-
tively positioned at upper pixel region and lower pixel region
with respect to each vertical scan line.

16. The liquid crystal display of claim 13, wherein the
vertical scan lines include first and second lines that are
electrically connected through the cross lines and respec-
tively positioned at upper pixel region and lower pixel region
with respect to each sub-capacitor line.

17. The liquid crystal display of claim 13, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every pixel.

18. The liquid crystal display of claim 13, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every three pixels

19. The liquid crystal display of claim 13, wherein each
vertical scan line repeatedly crosses each sub-capacitor line at
every picture element.

20. The liquid crystal display of claim 13, wherein the
vertical scan lines and the sub-capacitor lines consist of a
single layer including one selected from the group consisting
of silicon layer, a metal layer having a high-melting point, a
metal silicide layer having a high-melting point, a Mo W layer
and an aluminum alloy layer, or includes a composite layer
obtained by combining at least two of the silicon layer, the
metal layer, the metal silicide layer, the MoW layer and the
aluminum alloy layer, and the video scan lines and the cross
lines include a single layer of the aluminum alloy layer or a
composite layer having the aluminum alloy layer as a main
component.

21. The liquid crystal display of claim 13, wherein the
liquid crystal display employs dot inversion driving at every
pixel, every three pixels or every single picture element.

22. The liquid crystal display of claim 13, wherein the
liquid crystal display is overdriven by the sub-capacitor dut-
ing a predetermined period from beginning of a video signal
transmission to the pixel or during a predetermined period
from an end of the video signal transmission to the pixel.

23. A liquid crystal display comprising:

a first substrate having a plurality of pixels;

a vertical scan line formed on a first substrate;

a sub-capacitor line formed on the first substrate and

spaced apart from the vertical scan line;
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aplurality of video signal lines formed on the vertical scan
line so as to define the pixels together with the vertical
scan line; and

a second substrate facing the first substrate
wherein the pixels are classified as a first group and a second
group with respect to a virtual line parallel to a first direction,
and the vertical scan line or the sub-capacitor line extends in
a serpentine manner with respect to the virtual line between
the first group and the second group.

24. The liquid crystal display of claim 23, wherein the
vertical scan line extends in the serpentine manner with
respect to the virtual line, and comprises:

a first vertical scan line corresponding to the first group;

a second vertical scan line corresponding to the second

group; and

a cross line which connects the first and second vertical

scan lines and is arranged in the same layer together with
the video signal line.
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25. The liquid crystal display of claim 24, wherein the first
direction and the second direction are perpendicular to each
other, and the cross line is parallel to the second direction.

26. The liquid crystal display of claim 23, wherein the
sub-capacitor extends in the serpentine manner with respect
to the virtual line, and comprises:

a first sub-capacitor line corresponding to the first group;

a second sub-capacitor line corresponding to the second

group; and

a cross line which connects the first and second vertical

scan lines and is arranged at a same layer together with
the video signal line.

27. The liquid crystal display of claim 26, wherein the first
direction and the second direction are perpendicular to each
other, and the cross line is parallel to the second direction.

#® ok ok ok ok
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