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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2007-0043101, filed on
May 3, 2007, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play.

[0004] 2. Discussion of the Background

[0005] Liquid crystal displays (LCDs) are one of the most

widely used flat panel displays. An LCD includes a pair of
panels provided with field-generating electrodes, such as
pixel electrodes and a common electrode, and a liquid crystal
(LC) layer interposed between the two panels. The LCD
displays images when voltages are applied to the field-gen-
erating electrodes, thereby generating an electric field in the
LC layer that determines the orientations of LC molecules
therein to adjust polarization of incident light.

[0006] Among LCDs, a vertical alignment (VA) mode
LCD, which aligns LC molecules such that the long axes
thereof are perpendicular to the panels in the absence of an
electric field, is spotlighted because of its high contrast ratio
and wide viewing angle.

[0007] The wide viewing angle of the VA mode LCD may
be realized by cutouts in the field-generating electrodes.
Since the cutouts may determine the tilt directions of the LC
molecules, the tilt directions may be distributed in several
directions using the cutouts such that the viewing angle is
widened.

[0008] However, the VA mode LCD has poor lateral vis-
ibility as compared with front visibility. To improve the lat-
eral visibility of the VA mode LCD, one pixel may be divided
into two sub-pixels and different voltages may be applied to
each sub-pixel. One sub-pixel receives a higher voltage
through a switching element and the other sub-pixel may be
coupled to the sub-pixel connected to the switching element
through a coupling capacitor so that it may receive a lower
voltage.

[0009] However, when connecting two sub-pixels with a
coupling capacitor, the pixels may discharge more slowly,
thereby generating afterimages.

SUMMARY OF THE INVENTION

[0010] The present invention provides an LCD that may
prevent the generation of an afterimage and improve lateral
visibility by preventing a delay of an electric discharge of
pixels.

[0011] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0012] The present invention discloses a liquid crystal dis-
play including a substrate and first, second, and third adjacent
gate lines disposed on the substrate. First and second adjacent
data lines are insulated from and cross the first, second, and
third gate lines. A storage electrode line is insulated from and
crosses the first, second, and third gate lines. The liquid crys-
tal display further includes a first thin film transistor having a
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control terminal connected to the first gate line and a input
terminal connected to the first data line, a second thin film
transistor having a control terminal connected to the first gate
line and an input terminal connected to the first data line, a
first sub-pixel electrode connected to the output terminal of
the first thin film transistor, a second sub-pixel electrode
connected to the output terminal of the second thin film tran-
sistor, a third thin film transistor having a control terminal
connected to the second gate line and an input terminal con-
nected to the first sub-pixel electrode, and a first capacitive
conductor connected to the output terminal of the third thin
film transistor. The first capacitive conductor is formed from
the same layer as the first and second sub-pixel electrodes and
overlaps a portion of the storage electrode line to form a first
voltage reducing capacitor. A first buffer electrode is con-
nected to the output terminal of the third thin film transistor
and overlaps a portion of the second sub-pixel electrode to
form a first voltage increasing capacitor. A fourth thin film
transistor has a control terminal connected to the second gate
line and an input terminal connected to the second data line,
and a fifth thin film transistor has a control terminal connected
to the second gate line and an input terminal connected to the
second data line. A third sub-pixel electrode is connected to
the output terminal of the fourth thin film transistor, a fourth
sub-pixel electrode is connected to the output terminal of the
fifth thin film transistor, and a sixth thin film transistor having
a control terminal is connected to the third gate line and an
input terminal connected to the third sub-pixel electrode. A
second capacitive conductor is connected to the output termi-
nal of the sixth thin film transistor and is formed from the
same layer as the third and fourth sub-pixel electrodes. The
second capacitive conductor overlaps a portion of the storage
electrode line to form a second voltage reducing capacitor. A
second buffer electrode is connected to the output terminal of
the sixth thin film transistor and overlaps a portion of the
fourth sub-pixel electrode to form a second voltage increasing
capacitor. The storage electrode line includes a first portion
disposed at equal distances from the first and second data
lines, a second portion connected to the first portion and
detouring around the right side of the third thin film transistor,
and a third portion connected to the first portion and detouring
around the left side of the sixth thin film transistor. An interval
between the first and second data lines is wider than an inter-
val between the first and second gate lines.

[0013] The present invention also discloses a liquid crystal
display including a substrate, first and second adjacent gate
lines disposed on the substrate, first and second adjacent data
lines insulated from and crossing the first and second gate
lines, and a storage electrode line insulated from and crossing
the first and second gate lines. A first thin film transistor has a
control terminal connected to the first gate line and an input
terminal connected to the first data line, and a second thin film
transistor has a control terminal connected to the first gate line
and an input terminal connected to the first data line. A first
sub-pixel electrode is connected to the output terminal of the
first thin film transistor, a second sub-pixel electrode is con-
nected to the output terminal of the second thin film transistor,
a third thin film transistor having a control terminal is con-
nected to the second gate line and an input terminal connected
to the first sub-pixel electrode, and a first capacitive conductor
is connected to the output terminal of the third thin film
transistor. The first capacitive conductor overlaps a portion of
the storage electrode line to form a voltage reducing capaci-
tor.
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[0014] The present invention also discloses a liquid crystal
display including a substrate a first gate line disposed on the
substrate and including first and second gate electrodes, a
second gate line including a third gate electrode and neigh-
boring the first gate line, and a gate insulating layer covering
the first and second gate lines. First, second, and third semi-
conductors are formed on the gate insulating layer and respec-
tively disposed on the first, second, and third gate electrodes.
A data line is formed on the gate insulating layer and crosses
the first and second gate lines. First and second source elec-
trodes are respectively disposed on the first and second semi-
conductors, and a third source electrode is disposed on the
gate insulating layer and disposed on the third semiconductor.
A first drain electrode faces the first source electrode on the
first semiconductor, a second drain electrode faces the second
source electrode on the second semiconductor, and a third
drain electrode faces the third source electrode on the third
semiconductor. A storage electrode line is disposed on the
gate insulating layer and crosses the first and second gate
lines, and a plurality of ohmic contacts is disposed between
the first, second, and third source electrodes and the first,
second, and third semiconductors, and the first, second, and
third drain electrodes and the first, second, and third semi-
conductors. A passivation layer covers the data line, the third
source electrode, the first, second, and third drain electrodes,
and the storage electrode line. The first passivation layer has
first, second, third, and fourth contact holes that respectively
expose the third source electrode and the first, second, and
third drain electrodes. A first sub-pixel electrode is disposed
on the passivation layer and respectively connected to the
third source electrode and the first drain electrode through the
first and second contact holes, and a second sub-pixel elec-
trode is disposed on the passivation layer and connected to the
second drain electrode through the third contact holes. A
capacitive conductor is disposed on the passivation layer and
connected to the third drain electrode through the fourth
contact holes. The capacitive conductor overlaps a portion of
the storage electrode line.

[0015] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0017] FIG.1isablockdiagram of an LCDaccording to an
exemplary embodiment of the present invention.

[0018] FIG. 2 is an equivalent circuit diagram of two sub-
pixels of an LCD according to an exemplary embodiment of
the present invention.

[0019] FIG. 3 is a layout view of an LCD to an exemplary
embodiment of the present invention.

[0020] FIG.4isalayout view of a lower panel for the LCD
shown in FIG. 3.

[0021] FIG.5isalayoutview of an upperpanel forthe LCD
shown in FIG. 3.

[0022] FIG. 6, FIG. 7, and FIG. 8 are cross-sectional views
of the LCD shown in FIG. 3 taken along line VI-VI, line
VII-VIL, and line VIII-VIIL respectively.
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[0023] FIG. 9is an equivalent circuit diagram of one pixel
of an LCD according to an exemplary embodiment of the
present invention.

[0024] FIG. 10 is a layout view of an LCD according to an
exemplary embodiment of the present invention.

[0025] FIG. 11, FIG. 12, and FIG. 13 are cross-sectional
views of the LCD shown in FIG. 10 taken along line XI-XI,
line XII-XII, and line XIII-XIII.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0026] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention, may
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure 1s thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0027] Itwill be understood that when an element or layer
is referred to as being “on” or “connected to” another element
orlayer, it can be directly on or directly connected to the other
element or layer, or intervening elements of layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0028] LCDs according to exemplary embodiments of the
present invention will be described in detail below with ref-
erence to the accompanying drawings.

[0029] FIG.1isablockdiagram of an LCD according to an
exemplary embodiment of the present invention, and FIG. 2 is
an equivalent circuit diagram of two sub-pixels of an LCD
according to an exemplary embodiment of the present inven-
tion.

[0030] As shown in FIG. 1, an LCD according to an exem-
plary embodiment of the present invention includes an LC
panel assembly 300, a gate driver 400 and a data driver 500
connected to the LC panel assembly 300, a gray voltage
generator 800 connected to the data driver 500, and a signal
controller 600 to control the above elements. The gate driver
400 may include a pair of drivers disposed at respective sides
of the LC panel assembly 300.

[0031] The LC panel assembly 300 includes a plurality of
signal lines G1-Gn and D1-Dm, and a plurality of pixels PX1,
PX2, and PX3 connected to the signal lines and arranged
substantially in a matrix, as seen in FIG. 1. The LC panel
assembly 300 further includes lower and upper panels 100
and 200 that face each other and an LC layer 3 interposed
therebetween, as in the structural view shown in FIG. 2.
[0032] The signal lines G1-Gn and D1-Dm include a plu-
rality of gate lines G1-Gn to transmit gate signals (also
referred to as “scanning signals”) and a plurality of data lines
D1-Dm to transmit data signals. The gate lines G1-Gn extend
substantially in a row direction and are substantially parallel
to each other, and the data lines D1-Dm extend substantially
in a column direction and are substantially parallel to each
other.

[0033] Each pixel PX1, PX2, and PX3 has an elongated
shape and extends in the row direction, and includes a pair of
sub-pixels PEa and PEb. Each sub-pixel PEa and PEb
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includes an LC capacitor Clca and Clcb, and a switching
element (not shown) connected to the signal lines and the LC
capacitor Clca and Clcb.

[0034] The switching element including a thin film transis-
tor is a three-terminal element provided on the lower panel
100, and the control terminal thereof is connected to the gate
line Gn, the input terminal thereof is connected to the data line
Dm, and the output terminal thereof is connected to an L.C
capacitor Clca or Clcb and a storage capacitor (not shown).
[0035] The LC capacitor Clca or Clcb includes a sub-pixel
electrode PEa or PEb provided on the lower panel 100 and a
common electrode 270 provided on an upper panel 200 as two
terminals, and the L.C layer 3 disposed between the sub-pixel
electrode PEa or PEb and the common electrode 270 func-
tions as a dielectric of the LC capacitor Clca or Clcb. The
sub-pixel electrodes PEa and PEb are separated from each
other and together form a pixel electrode PE. The common
electrode 270 is formed on the entire surface of the upper
panel 200 and supplied with a common voltage Vcom.
[0036] The storage capacitor functioning as an auxiliary
capacitor for the liquid crystal capacitor Clca or Clcb is
formed by overlapping another signal line (not shown) pro-
vided on the lower panel 100 with a pixel electrode PE via an
insulator disposed therebetween, and this signal line is sup-
plied with a predetermined voltage such as a common voltage
Veom.

[0037] In the meantime, in order to implement color dis-
play, each pixel PX1, PX2, and PX3 uniquely displays one of
the primary colors (spatial division) or each pixel PX1, PX2,
and PX3 sequentially displays the primary colors in turn
(temporal division) so that a spatial or temporal sum of the
primary colors are recognized as a desired color. An example
of aset of the primary colors is three primary colors including
red, green, and blue. FIG. 2 shows an example of the spatial
division in which each pixel PX1, PX2, PX3 includes a color
filter 230 representing one of the primary colors in an area of
the upper panel 200 facing the pixel electrode PE. Unlike
FIG. 2, the color filter 230 may be provided on or under the
pixel electrode PE on the lower panel 100. Color filters 230 of
the pixels PX1, PX2, and PX3 that are adjacent to each other
in a row direction are connected to each other to extend along
the row direction, and color filters 230 representing different
colors from each other are alternately arranged in the column
direction.

[0038] In this way. pixels PX1, PX2, and PX3, which rep-
resent three primary colors, form a dot DT that is a funda-
mental unit for displaying images.

[0039] Referring to FIG. 1 again, the gate driver 400 is
connected to the gate lines G1-Gn of the LC panel assembly
300 and synthesizes a gate-on voltage Von and a gate-off
voltage Voff to generate gate signals, which are applied to the
gate lines G1-Gn.

[0040] The data driver 500 is connected to the data lines
D1-Dm of the LC panel assembly 300 and selects the gray
voltages supplied from the gray voltage generator 800 and
then applies a selected gray voltage to the data lines D1-Dm
as a data signal.

[0041] Each driver 400 and 500 mentioned above may be
directly mounted on the LC panel assembly 300 in the form of
at least one integrated circuit (IC) chip. Alternatively, each
driver 400 and 500 may be mounted on a flexible printed
circuit film (not shown) in a tape carrier package (TCP) type
that is attached to the LC panel assembly 300 or on a separate
printed circuit board (not shown). As yet another alternative,
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each driver 400 and 500 may be integrated with the LC panel
assembly 300, the signal lines G1-Gn, D1-Dm, and the
switching elements.

[0042] Thesignal controller 600 may control the gate driver
400 and the data driver 500.

[0043] The signal controller 600 is supplied with input
image signals R, G, and B and input control signals for con-
trolling the display thereof from an external graphics control-
ler (not shown). The input control signals include a vertical
synchronization signal Vsync, a horizontal synchronization
signal Hsync, a main clock signal MCLK, and a data enable
signal DE.

[0044] On the basis of the input control signals and the
input image signals R, G, and B, the signal controller 600
generates gate control signals CONT1 and data control sig-
nals CONT2 and processes the image signals R, G, and B to
be suitable for the operation of the panel assembly 300 and the
data driver 500. The signal controller 600 sends the gate
control signal CONT1 to the gate driver 400 and sends the
data control signals CONT2 to the data driver 500.

[0045] Now, a structure of the LC panel assembly will be
described in detail with reference to FIG. 3, FIG. 4, FIG. 5,
FIG. 6, FIG. 7, and FIG. 8 along with FIG. 1 and FIG. 2
described above.

[0046] FIG. 3 is a layout view of an L.CD to an exemplary
embodiment of the present invention, FIG. 4 is a layout view
of a lower panel for the LCD shown in FIG. 3, FIG. 5 is a
layout view of an upper panel for the LCD shown in FIG. 3,
and FIG. 6,F1G. 7, and FIG. 8 are cross-sectional views ofthe
LCD shown in FIG. 3 taken along line VI-VI, line VII-VII,
and line VIII-VIII, respectively.

[0047] An LCD according to an exemplary embodiment of
the present invention includes a lower panel 100, an upper
panel 200 opposing the lower panel 100, and an LC layer 3
interposed between the two panels 100 and 200.

[0048] First, the lower panel 100 will be described in detail
with reference to FIG. 3, FIG. 4, FIG. 6, FIG. 7, and FIG. 8.
[0049] A plurality of gate lines 121 is formed on an insu-
lating substrate 110, which may include transparent glass.

[0050] The gate lines 121, which are spaced from each
other, extend substantially in a row direction and transmit
gate signals. Each gate line 121 includes a plurality of first and
second gate electrodes 124a and 124b extending in a down-
ward direction and a plurality of third gate electrodes 124¢
extending in an upward direction. The first and second gate
electrodes 124a and 124b may separately extend from the
gate lines 121, but make up one body such thata portion of the
body is used as the first gate electrodes 124a and the remain-
ing portion of the body is used as the second electrodes 124b.

[0051] The gate lines 121 may include an aluminum—(Al)
containing metal such as Al and an Al alloy. a silver—(Ag)
containing metal such as Ag and a Ag alloy, a copper—(Cu)
containing metal such as Cu and a Cu alloy, a molybdenum—
(Mo) containing metal such as Mo and a Mo alloy, chromium
(Cr), tantalum (Ta), titanium (T1), or a combination thereof.
Alternatively, the gate lines 121 may have a multi-layered
structure including two conductive layers (not shown) having
different physical properties. One of the two conductive lay-
ers may include a low resistivity metal, such as an Al-con-
taining metal, an Ag-containing metal, or a Cu-containing
metal, to reduce signal delay or voltage drop in the gate lines
121 and storage electrode lines 131. The other conductive
layer may include a material such as a Mo-containing metal,
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Cr, Ti, and Ta, which has good contact characteristics with
other materials such as indium tin oxide (ITO) and indium
zinc oxide (IZ0).

[0052] Also, the lateral sides of the gate lines 121 are
inclined relative to a surface of the substrate 110, and the
inclination angle thereof may range from about 30 degrees to
about 80 degrees.

[0053] A gate insulating layer 140, which may include sili-
con nitride (SiNx), is formed on the gate lines 121 and the
storage electrode lines 131.

[0054] A plurality of semiconductor islands 154a, 1545,
and 154¢, which may include hydrogenated amorphous sili-
con (abbreviated to “a-Si”) or polysilicon, are formed on the
gate insulating layer 140.

[0055] The semiconductor islands 154a, 1545, and 154¢
are respectively disposed on the first, second, and third gate
electrodes 1244, 1245, and 124¢. The semiconductor islands
154a and 1545 make up one body as do the first and second
gate electrodes 124a and 1245, and may be spaced apart
according to the structure of the first and second gate elec-
trodes 124a and 12465.

[0056] A plurality of ohmic contact islands 163a, 1635,
163c¢, 1654, 1656, and 165¢, which may include silicide or n+
hydrogenated amorphous silicon (a-Si) heavily doped with an
n-type impurity such as phosphorus (P), are formed on the
semiconductor islands 154a, 1545, and 154¢. The ohmic con-
tact islands 163a, 1635, 163c, 1654, 165b, and 165¢ are
disposed in pairs on the semiconductors 154a, 1545, and
154c, respectively.

[0057] The lateral sides of the semiconductors 154a, 1545,
and 154¢ and the ohmic contact islands 163a, 1635, 163c,
165a, 1655, and 165¢ are also inclined relative to a surface of
the substrate 110, and the inclination angle thereof may range
from about 30 degrees to about 80 degrees.

[0058] A plurality of data lines 171 including a plurality of
first and second source electrodes 1734 and 1735, a plurality
of first, second, and third drain electrodes 175a, 17556, and
175c¢, a plurality of third source electrodes 173¢, a plurality of
buffer electrodes 176, and a plurality of storage electrode
lines 131 are formed on the ohmic contacts 163a, 1635, 163c,
165a, 1655, and 165¢ and the gate insulating layer 140.
[0059] The data lines 171 extend substantially in the col-
umn direction and cross the gate lines 121 and transmit data
signals. Each data line 171 includes a plurality of first and
second source electrodes 173a and 1735 branched out toward
the first and second gate electrodes 1244 and 1245 and an end
portion 179 having an extended area to connect to another
layer or an external driving circuit. The first and the second
source electrodes 173a and 1735 have upside down “U”
shapes and are connected to each other to form an upside
down “W” shape.

[0060] A data driving circuit (not shown) to generate the
data signals may be mounted on an FPC film (not shown),
which may be attached to the substrate 110, directly mounted
on the substrate 110, or integrated with the substrate 110. The
data lines 171 may extend to connect to a driving circuit that
may be integrated with the substrate 110.

[0061] The firstand second drain electrodes 175a and 1755
are spaced apart from the data lines 171, and the drain elec-
trodes 175a and 1755 are opposite the first and second source
electrodes 173a and 1735 with respect to the gate electrodes
124a and 1245, respectively.

[0062] Each of the first and second drain electrodes 175a
and 1756 includes a stick-shaped end portion, which is par-
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tially surrounded by the source electrodes 173a and 1735 that
are curved in the shape of a letter “U”.

[0063] Each of the first and second drain electrodes 175a
and 1756 includes an expansion, which is not opposite the
first and second source electrodes 173a and 1735, extending
to connect to another layer.

[0064] The third drain electrodes 175¢ and the third source
electrodes 173¢ overlap the semiconductors 154¢ and are
opposite each other with respect to the third gate electrodes
124c¢. Portions of the third drain electrodes 175¢ and the third
source electrodes 173¢ extend to connect to another layer, and
the third drain electrodes 175¢ are connected to the buffer
electrodes 176.

[0065] The first, second, and third gate electrodes 124a,
1245, and 124c, the first, second, and third source electrodes
173a, 1735, and 173¢, and the first, second, and third drain
electrodes 175a, 175b, and 175¢, along with the semiconduc-
tors 154a, 15456, and 154c¢, form the first, second, and third
TFTs Q1, Q2, and Q3. Each TFT Q1, Q2, and Q3 has a
channel formed in the semiconductors 154a, 1545, and 154c
disposed between the first, second, and to third source elec-
trodes 173a, 1735, and 173¢ and the first, second, and third
drain electrodes 175a, 175b, and 175¢, respectively.

[0066] The first source electrode 173a and the second
source electrode 1735, the first gate electrode 1244 and the
second gate electrode 124b, and the first semiconductor 154a
and the second semiconductor 1545, which form the first TFT
Q1 and the second TFT Q2, may be formed spaced apart from
each other.

[0067] The storage electrode lines 131 extend substantially
in the column direction and are supplied with a predetermined
voltage such as a common voltage, which is applied to a
common electrode 270 on the common electrode panel 200 of
the LCD. Each storage electrode line 131 is disposed at the
central portion between neighboring data lines 171 and
includes a transverse portion 137a, a first longitudinal portion
137b, an oblique portion 137¢, and a second longitudinal
portion 1374.

[0068] The transverse portion 137a extends parallel to the
gate lines 121. The first longitudinal portion 1375 is con-
nected to the left end or right end of the transverse portion
137a and extends parallel to the data lines 171. The second
longitudinal portion 1374 is connected to the central portion
of the transverse portion 137a and extends nearly parallel to
the data lines 171 at the central portion between two neigh-
boring data lines 171. The oblique portion 137¢ connects the
first longitudinal portion 1375 to the second longitudinal
portion 1374 and includes a transverse edge parallel to the
gate lines 121 and an oblique edge forming the oblique angle
with the gate lines 121.

[0069] The transverse portions 137a, the first longitudinal
portions 1375, and the oblique portions 137¢ of the storage
lines 131 detour around a third thin film transistor Q3 to
connect two second longitudinal portions 137d4. When com-
paring two neighboring pixels in the first direction, the first
longitudinal portion 1375 and the oblique portion 137¢ are
alternatively disposed at the right and left sides with reference
to the second longitudinal portion 137d4. However, the shapes
and the arrangements of the storage lines 131 may be
changed.

[0070] Inonepixel, the first and second thin film transistors
Q1 and Q2 may be connected to a different gate line 121 than
the third thin film transistor Q3. That is, the first and second
thin film transistors Q1 and Q2 are connected to a gate line
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121 that is disposed in an upper portion of the pixel region,
and the third thin film transistor Q3 is connected to a gate line
121 that is disposed in a lower portion of the pixel region.
Alternatively, the first and second thin film transistors Q1 and
Q2 may be connected to a gate line 121 that is disposed in a
lower portion of the pixel region, and the third thin film
transistors Q3 may be connected to the gate lines 121 that are
disposed in an upper portion of the pixel region.

[0071] When comparing two neighboring pixels in the first
direction, the first and second thin film transistors Q1 and Q2
are alternately connected to the data lines 171 of the right and
left sides of the pixel regions. That is, the first and second thin
film transistors Q1 and Q2 are connected to the data lines 171
disposed on the left side of the pixel region in the odd pixel
column, and the first and second thin film transistors Q1 and
Q2 are connected to the data lines 171 disposed on the right
side of the pixel region in the even pixel column. Contrarily,
the first and second thin film transistors Q1 and Q2 may be
connected to the data lines 171 disposed on the left side of the
pixel region in the even pixel column, and the first and second
thin film transistors Q1 and Q2 may be connected to the data
lines 171 disposed on the right side of the pixel region in the
odd pixel column.

[0072] The first and second thin film transistors Q1 and Q2
are respectively and alternately disposed on the upper corners
ofthe right and left sides of the pixel regions, and the third thin
film transistors Q3 are disposed on the lower center portion of
the pixel region. The first and second thin film transistors Q1
and Q2 may be respectively and alternately disposed on the
lower corners of the right and left sides of the pixel regions.

[0073] In this exemplary embodiment, the first and second
thin film transistors Q1 and Q2 are alternately connected to
the right and left data lines 171, and column inversion driving
may be applied. Alternatively, dot inversion driving may be
used.

[0074] Also, the length of the two transverse edges of a
pixel that are parallel to the gate lines 121 are longer than the
length of the two longitudinal edges of the pixel that are
parallel to the data lines 171, as compared to a case in which
the transverse edges are shorter than the longitudinal edges.
For example, the two transverse edges may be substantially
three times longer than the two longitudinal edges. Accord-
ingly, the total number of data lines 171 may be decreased by
one-third and the number of gate lines 121 may be increased
by three times, such that the time given to each gate line 121
during the horizontal period 1H is one-third of that when the
transverse edges are shorter than the longitudinal edges. The
column inversion should maintain the same polarity of the
data lines 171 while one frame is driven. However, when the
column inversion is simply driven, cross-talk in the vertical
direction may be increased. In this exemplary embodiment, to
solve this problem, the first and second thin film transistors
Q1 and Q2 are alternately connected to the right and left data
lines 171.

[0075] Furthermore, in this exemplary embodiment, the
third thin film transistors Q3 are disposed on the right and left
center portions of the pixel region and the storage lines 131
detouring around the circumference of the third thin film
transistors Q3 extend in a column direction to minimize the
reduction of the aperture ratio of the pixels.

[0076] The data lines 171, the first, second, and third drain
electrodes 175a, 175b, and 175¢, the third source electrodes
173c, the buffer electrodes 176, and the storage electrode
lines 131 may include a refractory metal such as Mo, Cr, Ta,
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and Ti, or alloys thereof, and they may have a multi-layered
structure including a refractory metal layer (not shown) and a
conductive layer (not shown) having low resistivity. How-
ever, the data lines 171, the first, second, and third drain
electrodes 175a, 175b, and 175¢, the third source electrode
173¢, the buffer electrode 176, and the storage electrode line
131 may include various metals or conductive materials
besides the above.

[0077] The lateral sides of the data lines 171, the first,
second, and third drain electrodes 175a, 17556, and 175¢, the
third source electrodes 173c¢, the buffer electrodes 176, and
the storage electrode lines 131 are also inclined relative to a
surface of the substrate 110, and the inclination angles thereof
may be in a range of about 30 degrees to about 80 degrees.
[0078] The ohmic contacts 163a, 163b, 163c, 165a, 1655,
and 165¢ are interposed between the underlying semiconduc-
tors 154a and 1545 and the overlying data lines 171, source
electrodes 173a, 1736, and 173¢, and drain electrode 1754,
175b, and 175¢ thereon, and may reduce the contact resis-
tance therebetween. The semiconductors 154a, 1545, and
154¢ include some exposed portions that are not covered with
the data lines 171 and the drain electrodes 175a, 1755, and
175c¢, such as portions located between the source electrodes
173a, 1735, and 173¢, and the drain electrodes 175a, 1755,
and 175c¢.

[0079] A passivation layer 180 is formed on the data lines
171, the first, second, and third drain electrodes 1754, 1755,
and 175c¢, the third source electrodes 173c, the buffer elec-
trodes 176, and the storage electrode lines 131, and the
exposed portions of the semiconductors 154a, 15454, and
154¢. The passivation layer 180 may include an inorganic
insulator such as silicon nitride or silicon oxide, an organic
insulator, or a low dielectric insulator. The organic insulator
and the low dielectric insulator may have dielectric constants
thatare lower than 4.0. The passivation layer 180 may include
an organic insulator having photosensitivity and the surface
thereof may be flat. However, the passivation layer 180 may
have a double-layered structure including a lower inorganic
layer and an upper organic layer, which may protect the
exposed portions of the semiconductors 154a, 154b, and 154¢
while making the most of the excellent insulating character-
istics of an organic layer.

[0080] The passivation layer 180 has a plurality of contact
holes 182, 1854, 1855, 185¢, and 183 that respectively expose
the end portions 179 of the data lines 171, the first, second,
and third drain electrodes 175a, 1755, and 175¢, and the third
source electrodes 173¢.

[0081] A plurality of pixel electrodes 191, a plurality of
contact assistants 82, and a plurality of capacitive conductors
86 are formed on the passivation layer 180. These may
include a transparent conductor such as ITO or IZO, or a
reflective metal such as Al, Ag, Cr, or alloys thereof.

[0082] Each pixel electrode 191 has four major edges,
which are each substantially parallel to the gate lines 121 or
the data lines 171, and four chamfered corners. Among these
edges, the length of the two transverse edges that are parallel
to the gate lines 121 is longer than the two longitudinal edges
that are parallel to the data lines 171. For example, the length
of the two transverse edges may be substantially three times
longer than the two longitudinal edges.

[0083] Consequently, as compared to the case in which the
transverse edges are shorter than the longitudinal edges,
fewer pixel electrodes 191 are located in each row and more
pixel electrodes 191 are located in each column. Accordingly,
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since there may be fewer data lines 171, the material costs
may be reduced because fewer IC chips are needed for the
data driver 500. Even though more gate lines 121 are used,
since the gate drivers 400 can be integrated into the assembly
300 along with the gate lines 121, data lines 171, and the
TFTs, this is not a substantial problem. Moreover, even if the
gate drivers 400 are mounted in the form of IC chips, it may
be more advantageous to use fewer IC chips for the data driver
500 because the cost of the IC chips for the gate drivers 400 is
relatively low.

[0084] Each pixel electrode 191 includes a first and a sec-
ond sub-pixel electrode 191a and 1915 that are spaced apart
from each other with a gap 94 therebetween.

[0085] Thefirst sub-pixel electrode 191a includes first, sec-
ond, and third portions 191a1, 19142, and 191a3, which are
respectively disposed on the upward, leftward, and downward
sides of the second sub-pixel electrode 1915, and connections
connecting the third portion 191al to the first and second
portions 191a1 and 191a2. Because the second sub-pixel
electrodes 1915 are disposed in the central spaces made by the
first, second, and third portions 191a1, 19142, and 19143, the
edges. other than those close to the gate lines 121, are
enclosed by the first sub-pixel electrodes 191a.

[0086] Portions at which a gap 91 exists between the first,
second, and third portions 191al, 19142, and 19143 of the
first sub-pixel electrode 191a and the second sub-pixel elec-
trode 1915 form an oblique angle with the gate line 121. Their
acute angle with the gate line 121 may be about 45 degrees.
Also, portions of the gap 91 that are disposed between the
connection portions of the first sub-pixel electrode 191a and
the second sub-pixel electrode 1915 are parallel to the gate
lines 121.

[0087] The first and second portions 191al and 19142
include cutouts 92 that make oblique angles with the gate
lines 121 and are parallel to the gaps 91. The third portions
19143 of the first sub-pixel electrode 1914 are interposed in
the depression portions of the second sub-pixel electrodes
1915.

[0088] The second sub-pixel electrode 1915 includes a lon-
gitudinal cutout 93 having an inlet sloping downward and
overlapping the second longitudinal portion 1374 of the stor-
age electrode line 131. The inlet of the longitudinal cutout 93
is connected to the gap 91. The first and second portions
191a1 and 19142 of the first sub-pixel electrode 191a and the
second sub-pixel electrodes 1915 are substantially inversely
symmetrical with respect to the central line between the right
and left data lines 171.

[0089] Therefore, the right half and the left half of the pixel
electrode 191 is partitioned into a plurality of regions by the
gap 91 (for convenience, the gap 91 is called a “cutout”
hereinafter) and the cutouts 92 and 93. Here, the number of
regions and the number of cutouts may vary according to the
size of a pixel, the ratio of the transverse and longitudinal
edges of the pixel electrode, the type or characteristics of the
LC layer 3, or other design factors.

[0090] The first and second sub-pixel electrodes 191a and
1915 are connected to the first and second drain electrodes
175a and 1755 through the contact holes 185a and 1855 and
are supplied with a data voltage from the first and second
drain electrodes 175a and 1755, respectively.

[0091] The sub-pixel electrodes 191¢ and 1915 supplied
with data voltages generate electric fields in cooperation with
the common electrode 270 so that the orientations of the LC
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molecules in the LC layer 3 interposed between the sub-pixel
electrodes 191a and 1915 and the common electrode 270 may
be adjusted.

[0092] Also, as described above, each sub-pixel electrode
191a and 1915 forms an LC capacitor Clca or Clch with the
common electrode 270 to store the applied voltages even after
the TFTs Qa and Qb are turned off.

[0093] Also, the pixel electrode 191 overlaps a storage
electrode line 131 to form storage capacitors Csta and Cstb,
which are connected in parallel to the LC capacitors Clca and
Clcb to enhance the voltage storing capacity thereof.

[0094] The first sub-pixel electrodes 191a are connected to
the third source electrodes 173¢ through the contact holes
183.

[0095] The second sub-pixel electrodes 1915 overlap the
buffer electrodes 176 to form a capacitor Cu to raise the
voltage. Here, the buffer electrodes 176 may be omitted.
[0096] The capacitive conductors 86 are disposed in the
depression portions of the third portions 19143 of the first
sub-pixel electrodes 191a by the gap 94 and are connected to
the third drain electrode 175¢ through the contact holes 185c¢.
The capacitive conductors 86 overlap the longitudinal portion
13756 of the storage electrode line 131 to form a capacitor Cu
to reduce the voltage.

[0097] The contact assistants 82 are connected to the end
portions 179 of the data lines 171 through the contact holes
182, respectively. The contact assistants 82 may aid the adhe-
sion of the exposed end portions 179 of the data lines 171 to
external apparatuses and protect these end portions 179.
[0098] Next, the upper panel 200 will be described with
reference to FIG. 3 and FIG. §, FIG. 6, FI1G. 7, and FIG. 8.
[0099] A light blocking member 220 having a plurality of
openings is formed on an insulating substrate 210 that may
include transparent glass or plastic. The light blocking mem-
ber 220 is also called a black matrix and prevents light leak-
age. The light blocking member 220 includes linear portions
corresponding to the data lines 171 and the gate lines 121 and
planar portions corresponding to the TFTs, and it prevents
light leakage between pixel electrodes 191 and defines open-
ings that face the pixel electrodes 191.

[0100] A plurality of color filters 230 is also formed on the
substrate 210. The color filters 230 are disposed substantially
in the areas enclosed by the light blocking member 220, and
they may extend in a column direction substantially along the
pixel electrodes 191. Each color filter 230 may represent one
of the primary colors such as red, green, and blue.

[0101] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 may
include an (organic) insulator and may prevent the color
filters 230 from being exposed while providing a flat surface.
The overcoat 250 may be omitted.

[0102] A common electrode 270 is formed on the overcoat
250. The common electrode 270 may include a transparent
conductive material such as ITO and [ZO.

[0103] The common electrode 270 has a plurality of sets of
cutouts 71, 72, 73a, 73b, 74a, and 745.

[0104] A setof cutouts 71, 72, 73a, 73b, 74a, and 745 faces
a pixel electrode 191 and includes first and second center
cutouts 71 and 72, left cutouts 73a and 74a, and right cutouts
736 and 74b. Each of the cutouts 71, 72, 73a, 73b, 74a, and
74b is disposed between adjacent cutouts 91-93 of the pixel
electrode 191.

[0105] Each first center cutout 71 includes a pair of oblique
branches, a pair of terminal transverse branches, and a longi-
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tudinal portion parallel to the data lines 171. The oblique
branches extend approximately from the lower edges of the
pixel electrode 191 to the storage electrode lines 131 and are
connected to the longitudinal portion.

[0106] Each second center cutout 72 includes a pair of
oblique branches and a pair of terminal transverse branches.
The pair of oblique branches is parallel to the pair of oblique
branches of the first center cutouts 71.

[0107] Each right and left cutout 73a, 73b, 74a, and 745
includes an oblique branch, a transverse branch, and a longi-
tudinal branch. These oblique branches extend from both side
edges ofthe pixel electrode 191 to the central part of the pixel
electrode 191 substantially parallel to the oblique branches of
the first and second center cutouts 71 and 72. Each transverse
branch and the longitudinal branch extends from a respective
end of the oblique branch along the edges of the pixel elec-
trode 191, overlapping the edges of the pixel electrode 191
and making obtuse angles with the oblique branch.

[0108] Each oblique portion of the cutouts 71,72, 73a, 73,
74a, and -74b has triangular notches. Each notch may have
the shape of a quadrangle, a trapezoid, or a semicircle, and
may be convex or concave. The notches determine the tilt
directions of the LC molecules on the region boundaries
corresponding to the cutouts 71, 72, 73a, 73b, 74a, and 745.
[0109] The number or direction of the cutouts 71, 72, 734,
735, 74a, and 74b may also vary depending on design factors.
[0110] Atleast one of the cutouts 71, 72, 73a, 73b, 74a, and
74b may be substituted with protrusions or depressions, and
the shapes and the arrangements of the cutouts 71, 72, 73a,
73b, 74a, and 74b may be modified.

[0111] Alignment layers 11 and 21 are coated on inner
surfaces of the panels 100 and 200. The alignment layers 11
and 12 may be homeotropic.

[0112] Polarizers 12 and 22 are provided on outer surfaces
of the panels 100 and 200. The polarization axes of the polar-
izers may be perpendicular to each other, and one of the
polarization axes may be parallel to the gate lines 121. One of
the polarizers may be omitted when the L.CD is a reflective
LCD.

[0113] The LCD may further include at least one retarda-
tion film (not shown) to compensate the retardation of the LC
layer 3. The retardation film has birefringence and retards
opposite to the LC layer 3. The retardation film may include
auniaxial or biaxial optical compensation film and in particu-
lar, may include a negative uniaxial compensation film.
[0114] The LCD may further include a backlight unit (not
shown) to supply light to the LC layer 3 through the polarizer
1, the retardation film, and the panel 100.

[0115] TheLC layer 3 may have negative dielectric anisot-
ropy and may be subjected to vertical alignment such that the
LC molecules in the LC layer 3 are aligned with their long
axes substantially perpendicular to the surfaces of the panels
100 and 200 in the absence of an electric field.

[0116] The cutouts 91, 92, and 93 of the pixel electrodes
191, the cutouts 71, 72, 73a, 73b, 74a, and 746 of the common
electrode 270, and the oblique edges of the pixel electrodes
191 that are parallel to those cutouts 91, 92, and 93 and 71,72,
73a, 73b, T4a, and 74b distort the electric field to create a
horizontal component that determines the tilt directions of the
LC molecules. The horizontal component of the electric field
is perpendicular to the oblique edges of the cutouts 91, 92, and
93 and 71, 72, 73a, 73b, 744, and 745 and the oblique edges
of the pixel electrodes 191.
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[0117] A setof common electrode cutouts 71,72, 73a, 735,
74a, and 745 and a set of pixel electrode cutouts 91, 92, and
93 divide a pixel electrode 191 into a plurality of sub-areas,
and each sub-area has two major edges that make oblique
angles with the primary edges of the pixel electrode 191.
Since the LC molecules in each sub-area tilt to be perpen-
dicular to the major edges, the azimuthal distribution of the
tilt directions is localized to four directions. In this way, the
reference viewing angle of the LCD may be increased by
providing for various tilt directions of the LC molecules.
[0118] Now, the operation of the LCDs according to exem-
plary embodiments of the present invention will be described
in detail with reference to the accompanying drawings.
[0119] FIG. 9is an equivalent circuit diagram of one pixel
of an LCD according to an exemplary embodiment of the
present invention.

[0120] AsshowninFIG. 9, a pixel of the LCD according to
an exemplary embodiment of the present invention includes a
first thin film transistor Q1, a first liquid crystal capacitor
Clca, a first storage capacitor Csta, a second thin film transis-
tor Q2, a second liquid crystal capacitor Clcb, a second stor-
age capacitor Cstb, a third thin film transistor Q3, a voltage
reducing capacitor Cd, and a voltage increasing capacitor Cu.
[0121] For convenience of the description, reference
numeral 1217 indicates a gate line of a current row n, and a
reference numeral 121p indicates a gate line of a following
row (n+1).

[0122] A control terminal, an input terminal, and an output
terminal of the first thin film transistor Q1 are respectively
connected to the current gate line 121#, the data line 171, and
the first sub-pixel electrode 1914, and a control terminal, an
input terminal, and an output terminal of the second thin film
transistor Q2 are respectively connected to the current gate
line 121#, the data line 171, and the second sub-pixel elec-
trode 1915. A control terminal, an input terminal, and an
output terminal of'the third thin film transistor Q3 are respec-
tively connected to the following gate line 121p, the first
sub-pixel electrode 191a and a capacitive conductor 86, and a
buffer electrode 176.

[0123] The first liquid crystal capacitor Clca includes the
first sub-pixel electrode 191a and the common electrode 270
as two terminals and the liquid crystal layer 3 disposed ther-
ebetween as a dielectric, and the second liquid crystal capaci-
tor Clcb includes the second sub-pixel electrode 1915 and the
common electrode 270 as two terminals and the liquid crystal
layer 3 disposed therebetween as a dielectric.

[0124] The voltage reducing capacitor Cd includes the
capacitive conductor 86 connected to the drain electrode 175¢
of the third thin film transistor Q3 and the storage electrode
line 131 as two terminals and a passivation layer 180 disposed
therebetween as a dielectric, and the voltage increasing
capacitor Cu includes the second sub-pixel electrode 1915
and the buffer electrode line 176 as two terminals and a
passivation layer 180 disposed therebetween as a dielectric.

[0125] Now, frame inversion driving will be described in
the following.
[0126] Firstly, the first and second thin film transistors Q1

and Q2 are turned on according to the gate signal applied to
the gate line 121 of the current row such that the data voltage
applied to the data line 171 is transmitted to the first and
second sub-pixel electrodes 191a and 1915. Accordingly, the
data voltage is charged to the first and second liquid crystal
capacitors Clca and Clcb and the first and second storage
capacitors Csta and Cstb.
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[0127] Secondly, the third thin film transistor Q3 is turned
on according to the gate signal applied to the gate line 121p of
the following row such that the portions of the electric charges
charged in the first liquid crystal capacitor Clca and the first
storage capacitor Csta move via the third thin film transistor
Q3, and then the voltage reducing capacitor Cd and the volt-
age increasing capacitor Cu may be charged.

[0128] At this time, because electric charges of opposite
polarity are charged to the voltage reducing capacitor Cd and
the voltage increasing capacitor Cu, if the third thin film
transistor Q3 is turned on, the voltages charged to the first
liquid crystal capacitor Clca and the first storage capacitor
Csta may be reduced due to the dispersion of the electric
charges.

[0129] The second sub-pixel electrode 1915, which is one
terminal of the voltage increasing capacitor Cu, may be
floated when the third thin film transistor Q3 is turned on.
Accordingly, the electric charges of the same polarity as the
electric charges charged in the second sub-electrode 1915
may flow into the buffer electrode 176, which is the other
terminal of the voltage increasing capacitor Cu, such that the
voltages of the second sub-pixel electrode 1915 and the sec-
ond storage capacitor Cstb may be increased according to the
increasing of the voltage of the buffer electrode 176.

[0130] When the buffer electrode 176 is omitted, the volt-
age increasing capacitor is not formed so the voltages of the
second sub-pixel electrode 1916 and the second storage
capacitor Csth may not increase.

[0131] Accordingly, the voltages Va and Vb firstly charged
in the first and second liquid crystal capacitors Clca and Clcb
are the same if the third film transistor Q3 is turned off, and
the voltages Va and Vb charged in the first and second liquid
crystal capacitors Clca and Cleb are different if the third thin
film transistor Q3 is turned on.

[0132] When the voltages are charged in the first and sec-
ondliquid crystal capacitors Clca and Clcb, an electric field is
generated in the LC layer 3. Then, the LC molecules in the
layer 3 tilt in response to the electric field such that their long
axes become perpendicular to the field direction. The tilt of
the LC molecules determines the variation of the polarization
of light incident on the LC layer 3, and the variation of the
light polarization is transformed into the variation of the light
transmittance by the polarizers 12 and 22. In this way, the
LCD may display images.

[0133] The tilt angle of the LC molecules depends on the
strength of the electric field. Since the voltage Va of the first
liquid crystal capacitor Clca and the voltage Vb of the second
liquid crystal capacitor Clcb are different from each other, the
tilt direction of the LC molecules in the first sub-pixel is
different from that in the second sub-pixel and thus, the lumi-
nance of the two sub-pixels is different. Accordingly, while
maintaining the average luminance of the two sub-pixels at a
target luminance, the voltages Va and Vb of the first and
second sub-pixels may be adjusted so that the quality of an
image viewed from a lateral side is close to that of an image
viewed from the front, thereby improving the lateral visibil-
ity.

[0134] Also, if the electric charges charged in the pixel
electrode 191 are not sufficiently discharged and a portion of
the charges remains after displaying images in the corre-
sponding frame, an afterimage may be noticed on the screen.
Because the electric charges charged in the first sub-pixel
electrode 191a are discharged through the first thin film tran-
sistor Q1, these charges do not contribute to an afterimage.
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However, because the discharge path of the electric charges
charged in the second sub-pixel electrode, which is floated, is
only through the liquid crystal layer, an afterimage may be
generated. When a second thin film transistor connected to
the second sub-pixel electrode is provided, as in exemplary
embodiments of the present invention, the electric charges
charged in the second sub-pixel electrode 1915 may be dis-
charged through the second thin film transistor Q2 and the
generation of the afterimages may be prevented.

Embodiment 2

[0135] FIG. 10 is a layout view of an LCD according to an
exemplary embodiment of the present invention, and F1G. 11,
FIG. 12, and FIG. 13 are cross-sectional views of the LCD
shown in FIG. 10 taken along line XI-XI, line XII-XII, and
line XTI-XIII.

[0136] Because the structure of the thin film transistor
panel according to this exemplary embodiment is similar to
that of FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, and FIG. 8, a
description of the same structures is omitted and only differ-
ent portions are explained in the following.

[0137] Unlike the LCD shown in FIG. 3, FIG. 4, FIG. 5,
FIG. 6, FIG. 7, and FIG. 8, the semiconductors 154a, 1545,
154¢, 156, and 157 and the ohmic contacts 1634, 1635, 163¢,
1654, 1655, 165¢, 166, and 167 in this exemplary embodi-
ment extend under the whole portion of the data lines 171, the
source electrodes 173a, 17356, and 173¢. the drain electrodes
175a,175b, and 175¢, the storage electrode lines 131, and the
buffer electrodes 176. In addition, the semiconductors 1544,
154b,154c¢, 156, and 157 have almost the same planar shapes
as the data lines 171, the source electrodes 1734, 1735, and
173¢, the drain electrodes 175a, 175b, and 175¢, the storage
electrode lines 131, and the buffer electrodes 176 as well as
the underlying ohmic contacts 163a, 1635,163¢, 163a, 1655,
165¢, 166, and 167. However, the semiconductors 154a,
154b, 154¢, 156, and 157 further include some portions in
which the channels of the thin film transistors Q1, Q2, and Q3
are formed.

[0138] A method of manufacturing a thin film transistor
array panel according to this exemplary embodiment includes
simultaneously forming the data lines, the drain electrodes,
the semiconductors, and the ohmic contacts with one photo-
lithography step using a photoresist pattern having position-
dependent thickness. The photoresist pattern may be obtained
by an exposure mask having a slit pattern, a lattice pattern, or
a thin film(s) with intermediate transmittance or intermediate
thickness and a reflowing process.

[0139] Accordingly, the semiconductors 156 and 157 and
the ohmic contacts 166 and 167 are formed under the storage
electrode lines 131 and the buffer electrode 176 with the same
planar shapes.

[0140] In this exemplary embodiment according to the
present invention, the storage electrode lines 131 may be
formed from the same layer as the data lines 171 so that
electric charges are not trapped by the semiconductors and a
change of electrostatic capacitance is not generated. Accord-
ingly, because the semiconductors are not formed between
the storage electrode line 131 and the pixel electrode 191,
even if a direct current is applied, the electric charges are not
trapped.

[0141] A light blocking member that is disposed on a por-
tion corresponding to the semiconductors may be added to
reduce light leakage current of the semiconductor due to light
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from a backlight. The light blocking member may be made
from the same layer and material as the gate lines 121.
[0142] According to exemplary embodiments of the
present invention, the two sub-pixel electrodes are respec-
tively connected to the thin film transistors such that the
electric charges of the sub-pixels may be easily and quickly
discharged. Accordingly, an afterimage may be prevented.
Furthermore, different voltages are applied to the plurality of
sub-pixels such that the lateral visibility may be improved.
[0143] According to exemplary embodiments of the
present invention, pixels having long transverse edges are
arranged, such that fewer data drivers may be used, thereby
decreasing manufacturing costs.

[0144] Also, the thin film transistors are alternately con-
nected to the left and right data lines such that cross-talk may
be prevented in LCDs employing a frame inversion driving
method.

[0145] Furthermore, thin film transistors are disposed on
the central portions of the pixel region, and the storage lines
detour around the circumference of the third thin film tran-
sistors and extend in a column direction such that the aperture
ratio of the pixels may be maximized.

[0146] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a substrate;

a first gate line, a second gate line, and a third gate line
formed on the substrate adjacent to each other;

afirst dataline and a second data line adjacent to each other
and insulated from and crossing the first gate line, the
second gate line, and the third gate line;

astorage electrode line insulated from and crossing the first
gate line, the second gate line, and the third gate line;

a first thin film transistor comprising a control terminal
connected to the first gate line and an input terminal
connected to the first data line;

a second thin film transistor comprising a control terminal
connected to the first gate line and an input terminal
connected to the first data line;

a first sub-pixel electrode connected to the output terminal
of the first thin film transistor;

a second sub-pixel electrode connected to the output ter-
minal of the second thin film transistor;

a third thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the first sub-pixel electrode;

a first capacitive conductor connected to the output termi-
nal of the third thin film transistor, the first capacitive
conductor being formed from the same layer as the first
sub-pixel electrode and the second sub-pixel electrode
and overlapping a portion of the storage electrode line to
form a first voltage reducing capacitor;

a first buffer electrode connected to the output terminal of
the third thin film transistor and overlapping the portion
of the second sub-pixel electrode to form a first voltage
increasing capacitor;
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a fourth thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the second data line;

a fifth thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the second data line;

athird sub-pixel electrode connected to the output terminal
of the fourth thin film transistor;

a fourth sub-pixel electrode connected to the output termi-
nal of the fifth thin film transistor;

a sixth thin film transistor comprising a control terminal
connected to the third gate line and an input terminal
connected to the third sub-pixel electrode;

a second capacitive conductor connected to the output ter-
minal of the sixth thin film transistor, the second capaci-
tive conductor being formed from the same layer as the
third sub-pixel electrode and the fourth sub-pixel elec-
trode and overlapping a portion of the storage electrode
line to form a second voltage reducing capacitor; and

a second buffer electrode connected to the output terminal
of the sixth thin film transistor and overlapping a portion
of the fourth sub-pixel electrode to form a second volt-
age increasing capacitor,

wherein the storage electrode line includes a first portion
disposed at equal distances from the first data line and
the second data line, a second portion connected to the
first portion and detouring around the right side of the
third thin film transistor, and a third portion connected to
the first portion and detouring around the left side of the
sixth thin film transistor, and

wherein an interval between the first data line and the
second data line is wider than an interval between the
first gate line and the second gate line.

2. A liquid crystal display, comprising:

a substrate;

a first gate line and a second gate line disposed on the
substrate adjacent each other;

a first data line and a second data line adjacent to each other
and insulated from and crossing the first gate line and the
second gate line;

astorage electrode line insulated from and crossing the first
gate line and the second gate line;

a first thin film transistor comprising a control terminal
connected to the first gate line and an input terminal
connected to the first data line;

a second thin film transistor comprising a control terminal
connected to the first gate line and an input terminal
connected to the first data line;

a first sub-pixel electrode connected to the output terminal
of the first thin film transistor;

a second sub-pixel electrode connected to the output ter-
minal of the second thin film transistor;

a third thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the first sub-pixel electrode; and

a first capacitive conductor connected to the output termi-
nal of the third thin film transistor and overlapping a
portion of the storage electrode line to form a first volt-
age reducing capacitor.

3. The liquid crystal display of claim 2, wherein the first

capacitive conductor is formed with the same layer as the first
sub-pixel electrode and the second sub-pixel electrode.
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4. The liquid crystal display of claim 3, further comprising:

a first buffer electrode connected to the output terminal of
the third thin film transistor and overlapping a portion of
the second sub-pixel electrode to form a voltage increas-
ing capacitor.

5. The liquid crystal display of claim 4, wherein the first
buffer electrode extends from the output terminal of the third
thin film transistor.

6. The liquid crystal display ofclaim 2, wherein the storage
electrode line comprises:

afirst portion disposed at equal distances from the first data
line and the second data line, and

a second portion connected to the first portion and detour-
ing around the circumference of the third thin film tran-
sistor.

7. The liquid crystal display of claim 2, wherein an interval
between the first data line and the second data line is wider
than an interval between the first gate line and the second gate
line.

8. The liquid crystal display of claim 2, wherein the input
terminal and the control terminal of the first thin film transis-
tor are respectively connected to the input terminal and the
control terminal of the second thin film transistor.

9. The liquid crystal display of claim 2, further comprising:

athird gate line neighboring the second gate line;

a fourth thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the second data line;

a fifth thin film transistor comprising a control terminal
connected to the second gate line and an input terminal
connected to the second data line;

athird sub-pixel electrode connected to the output terminal
of the fourth thin film transistor;

a fourth sub-pixel electrode connected to the output termi-
nal of the fifth thin film transistor;

a sixth thin film transistor comprising a control terminal
connected to the third gate line and an input terminal
connected to the third sub-pixel electrode; and

a second capacitive conductor connected to the output ter-
minal of the sixth thin film transistor, the second capaci-
tive conductor being formed from the same layer as the
third sub-pixel electrode and the fourth sub-pixel elec-
trode and at least overlapping a portion of the storage
electrode line to form a second voltage reducing capaci-
tor.

10. The liquid crystal display of claim 9, further compris-

ing:

a first buffer electrode connected to the output terminal of
the third thin film transistor and overlapping a portion of
the second sub-pixel electrode to form a first voltage
increasing capacitor; and

a second buffer electrode connected to the output terminal
of the sixth thin film transistor and overlapping a portion
of the fourth sub-pixel electrode to form a second volt-
age increasing capacitor.

11. The liquid crystal display of claim 9, wherein the stor-

age electrode line comprises:

afirst portion disposed at equal distances from the first data
line and the second data line,

a second portion connected to the first portion and detour-
ing around the circumference of the third thin film tran-
sistor, the second portion being between the third thin
film transistor and the second data line, and
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a third portion detouring around the sixth thin film transis-
tor, the third portion being between the sixth thin film
transistor and the first data line.

12. The liquid crystal display of claim 9, wherein the input
terminal and the control terminal of the fourth thin film tran-
sistor are respectively connected to the input terminal and the
control terminal of the fifth thin film transistor.

13. The liquid crystal display of claim 2, wherein the first
sub-pixel electrode comprises:

a first portion, a second portion, and a third portion respec-
tively disposed on a left side, a right side, and a lower
side of the second sub-pixel electrode, and

connections respectively connecting the third portion to
the first portion and the second portion,

wherein the second sub-pixel electrode is disposed in a
central space made by the first portion, the second por-
tion, and the third portion of the first sub-pixel electrode,
and

wherein a gap between the first portion, the second portion,
and the third portion of the first sub-pixel electrode and
the second sub-pixel electrode forms an oblique angle
with the gate line and a gap between the connections of
the first sub-pixel electrode and the second sub-pixel
electrode is parallel to the gate line.

14. The liquid crystal display of claim 13, wherein the first
portion, the second portion, and the third portion of the first
sub-pixel electrode comprise cutouts forming an oblique
angle with the gate line, and the second sub-pixel electrode
comprises a cutout parallel to the first data line and the second
data line and overlapping the storage electrode line.

15. The liquid crystal display of claim 14, wherein the third
portion of the first sub-pixel electrode includes a concave
portion, and the first capacitive conductor is disposed in the
concave portion of the first sub-pixel electrode.

16. The liquid crystal display of claim 14, wherein the
oblique angle is about 45 degrees.

17. A liquid crystal display, comprising;

a substrate;

a first gate line disposed on the substrate and including a

first gate electrode and a second gate electrode;

a second gate line comprising a third gate electrode and
neighboring the first gate line;

a gate insulating layer covering the first gate line and the
second gate line;

a first semiconductor, a second semiconductor, and a third
semiconductor disposed on the gate insulating layer and
respectively disposed on the first gate electrode, the
second gate electrode, and the third gate electrode;

a data line disposed on the gate insulating layer and cross-
ing the first gate line and the second gate line,

a first source electrode and a second source electrode
respectively disposed on the first semiconductor and the
second semiconductor;

a third source electrode disposed on the gate insulating
layer and disposed on the third semiconductor;

a first drain electrode facing the first source electrode on the
first semiconductor;

asecond drain electrode facing the second source electrode
on the second semiconductor;

a third drain electrode facing the third source electrode on
the third semiconductor;

a storage electrode line disposed on the gate insulating
layer and crossing the first gate line and the second gate
line;
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a plurality of ohmic contacts disposed between the first
source electrode, the second source electrode, and the
third source electrode and the first semiconductor, the
second semiconductor, and the third semiconductors,
and the first drain electrode, the second drain electrode,
and the third drain electrode and the first semiconductor,
the second semiconductor, and the third semiconductor;

a passivation layer covering the data line, the third source
electrode, the first drain electrode, the second drain elec-
trode, the third drain electrode, and the storage electrode
line, and comprising a first contact hole, a second con-
tact hole, a third contact hole, and a fourth contact hole
respectively exposing the third source electrode, the first
drain electrode, the second drain electrode, and the third
drain electrode;

a first sub-pixel electrode disposed on the passivation layer
and respectively connected to the third source electrode
and the first drain electrode through the first contact hole
and the second contact hole;

a second sub-pixel electrode disposed on the passivation
layer and connected to the second drain electrode
through the third contact hole; and

a capacitive conductor disposed on the passivation layer,
connected to the third drain electrode through the fourth
contact hole, and overlapping a portion of the storage
electrode line.

18. The liquid crystal display of claim 17, further compris-
ing a buffer electrode extending from the third drain electrode
and overlapping the second sub-pixel electrode.
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19. The liquid crystal display of claim 18, wherein the data
line, the third source electrode, the first drain electrode, the
second drain electrode, the third drain electrode, the storage
electrode line, and the buffer electrode have substantially the
same plane shape as the ohmic contacts.

20. The liquid crystal display of claim 19, further compris-
ing:

a first semiconductor strip connected to the first semicon-
ductor and the second semiconductor and disposed
under the data line;

a second semiconductor strip disposed under the storage
electrode line; and

a semiconductor island disposed under the third source
electrode, the third drain electrode, and the buffer elec-
trode and connected to the third semiconductor.

21. The liquid crystal display of claim 20, wherein the first
semiconductor strip has substantially the same shape as the
data line, the second semiconductor strip has substantially the
same shape as the storage electrode line, and the semiconduc-
tor island has substantially the same shape as the buffer elec-
trode, the third source electrode, and the third drain electrode.

22. The liquid crystal display of claim 17, wherein the area
of the first sub-pixel electrode is larger than the area of the
second sub-pixel electrode.

23. The liquid crystal display of claim 17, wherein the first
source electrode, the first gate electrode, and the first semi-
conductor are respectively connected to the second source
electrode, the second gate electrode, and the second
semiconductor.
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