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(54) Liquid crystal display

(57) At least one embodiment of a liquid crystal dis-
play includes a substrate, a gate conductor formed on
the substrate and including a gate line (121) and a gate
electrode (124), a data conductor including a data line
(171) crossing the gate line and a source electrode (173)
placed on the gate electrode, and a pixel electrode (191)
formed on the substrate, where the data line and the
source electrode are connected with a first interconnector
(174) and a second interconnector (178).
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Patent Application No. 10-2006-0069646 filed in the
Korean Intellectual Property Office, Republic of Korea,
on July 25, 2006, the entire contents of which are incor-
porated by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0002] The present invention relates to liquid crystal
displays.

(b) Description of the Related Art

[0003] A liquid crystal display is one of the most widely
used types of flat panel display. The liquid crystal display
typically includes two display panels each having field-
generating electrodes such as pixel electrodes and a
common electrode, and a liquid crystal layer interposed
therebetween. The liquid crystal display may induce an
electric field on a liquid crystal layer by applying a voltage
to the field generating electrodes, which then determines
the alignment of liquid crystal molecules in the liquid crys-
tal layer therethrough, and thereby controls the polariza-
tion of incident light to displaying an image. Liquid crystal
displays may also include a plurality of signal lines such
as gate lines and data lines in order to supply a voltage
to a pixel electrode by controlling a switching element
connected to a pixel electrode. A thin film transistor (TFT)
may be used as a switching element for each pixel in a
liquid crystal display. The thin film transistor includes ter-
minals formed of multi-layered thin films which may be-
come shorted.
[0004] Therefore, there remains a need in the art for a
liquid crystal display including thin film transistors and/or
multi-layered thin films where image degradation caused
by shorting may be avoided.

SUMMARY OF THE INVENTION

[0005] One or more embodiments of the present in-
vention provide a liquid crystal display where repair of
the liquid crystal display is possible, not only when a thin
film transistor become deteriorated but when also in the
circumstance when a gate line and a data line are short-
ed. In this disclosure, the term exemplary refers to an
example embodiment and not necessarily to an ideal em-
bodiment.
[0006] An exemplary embodiment of the present in-
vention provides a liquid crystal display including a sub-
strate, a gate conductor formed on the substrate and in-
cluding a gate line and a gate electrode, a data conductor
including a data line crossing the gate line and a source

electrode placed on the gate electrode, and a pixel elec-
trode formed on the substrate, where the data line and
the source electrode are connected with a first intercon-
nector and a second interconnector.
[0007] The first interconnector and the second inter-
connector may be disposed with the gate line interposed
therebetween. The first interconnector and the second
interconnector may not overlap with the gate line. The
first interconnector and the second interconnector may
be disposed with a crossing point of the data line and the
gate line interposed therebetween. A first cutout may be
formed on the pixel electrode, where the first cutout
makes an oblique angle with the gate line. The liquid
crystal display may further include a common electrode
disposed facing the pixel electrode., where a second cut-
out may be formed on the common electrode, the second
cutout being substantially parallel to the first cutout. The
pixel electrode may include two pairs of main edges par-
allel to the gate line and the data line, respectively. The
pixel electrode may have a first side parallel to the gate
line and a second side adjacent to the first side. The
second side may be shorter than the first side. The first
side may be about three times longer than the second
side.
[0008] The pixel electrode may include the first sub-
pixel electrode and the second sub-pixel electrode that
are separate from each other. The first sub-pixel elec-
trode may conduct a first voltage level and the second
sub-pixel electrode may conduct a second voltage level,
where the first voltage level of the first sub-pixel electrode
and the second voltage level of the second sub-pixel elec-
trode may be different from each other. The first sub-pixel
electrode and the second sub-pixel electrode may be
supplied with different data voltages obtained from a sin-
gle image information. The liquid crystal display may in-
clude a first thin film transistor connected to the first sub-
pixel electrode, a second thin film transistor connected
to the second sub-pixel electrode, a first signal line con-
nected to the first thin film transistor, a second signal line
connected to the second thin film transistor, and a third
signal line connected to the first thin film transistor and
the second thin film transistor, the third signal line cross-
ing the first signal line and the second signal line. The
first thin film transistor and the second thin film transistor
may be turned on according to signals received from the
first signal line and the second signal line, respectively,
the first and second thin film transistors may be config-
ured to transfer signals from the third signal line. The first
thin film transistor and the second thin film transistor may
be turned on according to signals received from the third
signal line, the first and second thin film transistors may
be configured to transfer signals from the first signal line
and the second signal line. The first sub-pixel electrode
and the second sub-pixel electrode may be capacitively
coupled. The liquid crystal display may further include
the first thin film transistor connected to the first sub-pixel
electrode, the first signal line connected to the first thin
film transistor, and the second signal line connected to
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the first thin film transistor and crossing the first signal
line.
[0009] Another exemplary embodiment of the present
invention provides a liquid crystal display including a sub-
strate, a gate conductor formed on the substrate and in-
cluding a gate line and a gate electrode, a data conductor
including a data line crossing the gate line and a source
electrode placed on the gate electrode, and a pixel elec-
trode formed on the substrate, where the data line and
the source electrode are connected with a plurality of
interconnectors. At least a part of the interconnectors
may not overlap with the gate conductor. The intercon-
nectors may be configured to be cut by a laser so that a
voltage level may be continuously applied to the pixel
electrode, where the applied voltage level may maintain
the pixel electrode in an inactive state.
[0010] The scope of the present invention is defined
by the claims, which are incorporated into this section by
reference. A more complete understanding of embodi-
ments of the present invention will be afforded to those
skilled in the art, as well as a realization of additional
advantages thereof, by a consideration of the following
detailed description. Reference will be made to the ap-
pended sheets of drawings that will first be described
briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a block diagram illustrating a liquid crystal
display according to an exemplary embodiment of
the present invention.
FIG. 2 is an equivalent circuit diagram illustrating a
liquid crystal display device according to an exem-
plary embodiment of the present invention.
FIG. 3 is a layout view of a liquid crystal panel as-
sembly according to an exemplary embodiment of
the present invention.
FIG. 4 and FIG. 5 are cross-sectional views of the
liquid crystal panel assembly of FIG. 3 taken along
the lines IV-IV and V-V.
FIG. 6 and FIG. 7a show repairing of a liquid crystal
panel assembly according to an exemplary embod-
iment of the present invention.
FIG. 7b is a cross-sectional view of FIG. 7a taken
along the line VIIb-VIIb.
FIG. 8 is an equivalent circuit diagram of two sub-
pixels of a liquid crystal panel assembly according
to another exemplary embodiment of the present in-
vention.
FIG. 9 is an equivalent circuit diagram illustrating a
pixel of a liquid crystal panel assembly according to
another exemplary embodiment of the present in-
vention.
FIG. 10 is a layout view of a liquid crystal panel as-
sembly according to another exemplary embodiment
of the present invention.

FIG. 11 is a cross-sectional view of the liquid crystal
panel assembly of FIG. 10 taken along the line XI-XI.
FIG. 12 is an equivalent circuit diagram of a pixel of
a liquid crystal panel assembly according to another
exemplary embodiment of the present invention.
FIG. 13 is a layout view of a liquid crystal panel as-
sembly according to another exemplary embodiment
of the present invention..
FIG. 14 is an equivalent circuit diagram of a pixel of
a liquid crystal panel assembly according to another
exemplary embodiment of the present invention.
FIG. 15 is a layout view of a liquid crystal panel as-
sembly according to another exemplary embodiment
of the present invention.
FIG. 16 is a cross-sectional view of the liquid crystal
panel assembly of FIG. 15 taken along the line XVI-
XVI.
FIG. 17 is a block diagram illustrating a liquid crystal
display according to another exemplary embodiment
of the present invention.
FIG. 18 is a layout view of a liquid crystal panel as-
sembly according to another exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inven-
tion are shown. As those skilled in the art would realize,
the described embodiments may be modified in various
different ways, all without departing from the spirit or
scope of the present invention. In the drawings, the thick-
ness of layers, films, panels, regions, etc., may be exag-
gerated for clarity. Like reference numerals designate
like elements throughout the specification. It will be un-
derstood that when an element such as a layer, film, re-
gion, or substrate is referred to as being "on" another
element, it can be directly on the other element or inter-
vening elements may also be present. In contrast, when
an element is referred to as being "directly on" another
element, there are no intervening elements present.
[0013] Hereinafter, a liquid crystal display according
to an exemplary embodiment of the present invention will
be described with reference to FIG. 1 and FIG. 2. FIG. 1
is a block diagram illustrating a liquid crystal display ac-
cording to an exemplary embodiment of the present in-
vention, and FIG. 2 is an equivalent circuit diagram illus-
trating a liquid crystal display device according to an ex-
emplary embodiment of the present invention. As shown
in FIG. 1, the liquid crystal display according to an exem-
plary embodiment of the present invention includes a liq-
uid crystal panel assembly 300, gate drivers 400 and
data drivers 500 connected thereto, a storage electrode
driving unit 700, a gray voltage generator 800 connected
to a data driver 500, and a signal controller 600 for con-
trolling them.. The liquid crystal panel assembly 300 in-
cludes a plurality of signal lines (not shown) and a plurality
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of pixels PX connected to the signal lines and arranged
in a matrix. In addition, the liquid crystal panel assembly
300 includes a lower panel 100, an upper panel 200 fac-
ing the lower panel, and a liquid crystal layer 3 interposed
therebetween as shown in FIG. 2. The signal lines include
a plurality of gate lines (not shown) transferring a gate
signal (or a scanning signal), and a plurality of data lines
(not shown) transferring a data signal. The gate lines
basically extend in about a row direction in parallel with
each other, and the data lines basically extend in about
a column direction in parallel with each other.
[0014] Referring to FIG. 2, for example, a pixel PX con-
nected to the ith gate line GL and the jth data line DL
includes a switching element Q connected to the signal
lines GL and DL, and a liquid crystal capacitor Clc and a
storage capacitor Cst, which are connected to the switch-
ing element Q, where i=1, 2, ..., n and j=1, 2, ..., m. The
storage capacitor Cst can be omitted according to need.
The switching element Q is a three-terminal element such
as a thin film transistor disposed at the lower panel 100.
The switching element Q includes a control terminal con-
nected to the gate line GL, an input terminal connected
to a data line DL, and an output terminal connected to a
liquid crystal capacitor Clc and a storage capacitor Cst.
[0015] The liquid crystal capacitor Clc uses a pixel
electrode 191 at a lower panel 100 and a common elec-
trode 270 of an upper panel 200 as two terminals, and a
liquid crystal layer 3 between two electrodes 191 and 270
functions as a dielectric material. The pixel electrode 191
is connected to the switching element Q. The common
electrode 270 is formed on the entire surface of the upper
panel 200 and receives a common voltage Vcom. Unlike
in FIG. 2, the common electrode 270 can be formed at
the lower panel 100. In this case, at least one of the two
electrodes 191 and 270 can be made in a line shape or
a rod shape. A storage capacitor Cst functioning as a
auxiliary of a liquid crystal capacitor Clc is formed of an
additional storage electrode line (SL) overlapping with a
pixel electrode 191 with an insulator interposed therebe-
tween. A predetermined voltage such as a common volt-
age Vcom is applied to the additional signal line. The
storage capacitor Cst can be formed of a pixel electrode
191 overlapping with a previous gate line with an insulator
as a medium.
[0016] In order to provide a color display, each of the
pixels PX displays unique one of primary colors (spatial
division), or each of the pixels PX alternatively displays
different primary colors according to a time (temporal di-
vision), thereby displaying desired colors through a spa-
tial or temporal sum of these primary colors. For example,
the primary colors are three primary colors of red, green
and blue. FIG. 2 shows a color filter 230 displaying one
of primary colors on a region of an upper panel 200 cor-
responding to a pixel electrode 191 by each of the pixels
(PX1-PX3) as an example of spatial division. Unlike in
FIG. 2, the color filter 230 can be formed above or under
a pixel electrode 191 of the lower panel 100. At least one
polarizer (not shown) is formed on the outer surface of

the liquid crystal panel assembly 300.
[0017] Referring to FIG. 1 again, the gray voltage gen-
erator 800 generates a plurality of gray voltages or a ref-
erence gray voltage related to the transmittance of a pixel
PX. The gate driver 400 supplies a gate signal Vg formed
by combination of a gate-on voltage Von and a gate-off
voltage Voff by being connected to a gate line of the liquid
crystal panel assembly 300. The data driver 500 is con-
nected to a data line of the liquid crystal panel assembly
300. The data driver 500 selects a gray voltage from the
gray voltage generator 800 and supplies the selected
gray voltage to a data line as a data signal. When the
gray voltage generator 800 only provides a predeter-
mined number of reference gray voltages instead of sup-
plying gray voltages for all grays, the data driver 500 gen-
erates a gray voltage for all grays by dividing the refer-
ence gray voltage and selecting one therefrom. The sig-
nal controller 600 controls the gate driver 400 and the
data driver 500.
[0018] Each of the drivers 400, 500, 600, and 800 can
be mounted directly on a liquid crystal panel assembly
300 as at least one integrated circuit (IC) chip. They can
also be attached on a liquid crystal panel assembly 300
as a TCP (tape carrier package) by being mounted on a
flexible printed circuit film (not shown) or mounted on an
additional printed circuit board (PCB). Conversely, the
drivers 400, 500, 600, and 800 can be directly integrated
with the liquid crystal panel assembly 300. The drivers
400, 500, 600, and 800 can also be integrated as a single
chip. In this manner, at least one of the drivers or at least
one circuit of circuits forming the drivers can be placed
outside of the single chip.
[0019] Hereinafter, a liquid crystal panel assembly ac-
cording to an exemplary embodiment of the present in-
vention will be described with reference to FIG. 3 to FIG.
5, and FIG. 1 and FIG. 2. FIG. 3 is a layout view of a
liquid crystal panel assembly according to an exemplary
embodiment of the present invention, and FIG. 4 and
FIG. 5 are cross-sectional views of the liquid crystal panel
assembly of FIG. 3 taken along the lines IV-IV and V-V..
Referring to FIGS. 3-5, the liquid crystal panel assembly
according to the present exemplary embodiment in-
cludes a lower panel 100 and an upper panel 200 facing
each other, and a liquid crystal layer 3 interposed be-
tween the panels 100 and 200.
[0020] First, the lower panel 100 will be described. A
gate conductor having a plurality of gate lines 121 and a
plurality of storage electrode lines 131 is formed on an
insulation substrate 110 made of transparent glass or
plastic. The gate lines 121 transfer a gate signal and ex-
tend in a substantially horizontal direction, as shown in
FIG. 3. Each gate line 121 includes a plurality of gate
electrodes 124 protruding upwardly and downwardly,
and a wider end contact portion 129 for contacting to
other layers or an external driving circuit. A gate driving
circuit (not shown) for generating a gate signal can be
mounted on a flexible printed, circuit film (not shown)
attached on the substrate 110, directly mounted on the
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substrate 110, or integrated with the substrate 110. When
the gate driving circuit is integrated with the substrate
110, the gate driving circuit can be directed connected
to the extended gate lines 121. Each storage electrode
line 131 receives a predetermined voltage and includes
a plurality of storage electrode extensions 137 protruding
upwardly and downwardly. However, the storage elec-
trode lines 131 can vary in a shape and arrangement.
[0021] The gate conductors 121 and 131 can be made
of an aluminum group metal such as aluminum (Al) and
an aluminum alloy, a silver group metal such as silver
(Ag) and a silver alloy, a copper group metal such as
copper (Cu) and a copper alloy, a molybdenum group
metal such as molybdenum (Mo) and a molybdenum al-
loy, chromium (Cr), tantalum (Ta, or titanium (Ti). How-
ever, they can have a multi-layered structure having two
conductive layers (not shown) with different physical
properties. A conductive layer among them can be made
of a metal having low resistivity, for example an aluminum
group metal, a silver group metal, and a copper group
metal in order to reduce signal delay or voltage drop.
Conversely, the other conductive layer can be made of
a different material having excellent physical, chemical,
and electrical contact characteristics similar to ITO (indi-
um tin oxide) and IZO (indium zinc oxide), for example a
molybdenum group metal, chromium, tantalum, or titani-
um. For example, such a structure can have a chromium
lower layer and an aluminum (alloy) upper layer, or an
aluminum (alloy) lower layer and a molybdenum (alloy)
upper layer. However, the gate conductors 121 and 131
can be made of various metals or conductors besides
the materials described above. It is desirable that the
sides of the gate conductors 121 and 131 are inclined to
the substrate 110, and the inclination angles thereof are
in a range of about 30° to about 80°.
[0022] A gate insulating layer 140 made of silicon ni-
tride (SiNx) or silicon oxide (SiOx) is formed on the gate
conductors. A plurality of semiconductor islands 154
made of hydrogenated amorphous silicon (a-Si) or poly-
silicon are formed on the gate insulating layer 140. Each
semiconductor island 154 is placed on a gate electrode
124. A plurality of ohmic contact islands (ohmic contacts)
163 and 165 are formed on the semiconductor 154. The
ohmic contacts 163 and 165 are made of n+ hydrogen-
ated amorphous silicon doped with a highly concentrated
n-type impurity such as phosphor, or they may be made
of silicide. The sides of the semiconductors 154 and the
ohmic contacts 163 and 165 are also inclined to the sub-
strate 110, and the inclination angles therebetween are
in a range of about 30°to about 80°.
[0023] A plurality of data lines 171, a plurality of drain
electrodes 175, and a plurality of storage electrode lines
131 are formed on the ohmic contacts 163 and 165 and
the gate insulating layer 140. The data lines 171 transfer
a data signal and extend in a substantially vertical direc-
tion, thereby intersecting with the gate lines 121 and the
storage electrode lines 131. Each data line 171 includes
a plurality of source electrodes 173 bent in a U shape by

extending toward the gate electrode 124, and a wider
end contact portion 179 for contacting other layers or the
data driver 500. In the case that the data driver 500 is
directly integrated with the substrate 110, the data driver
500 can be directly connected to the extended data lines
171.
[0024] The data lines 171 and source electrodes 173
are connected through first and second interconnectors
174 and 178, or junctions 174 and 178, comprising elec-
trical conductors or wires configured to connect data lines
171 and source electrodes 173. In this manner, a plurality
of interconnectors (two or more) may be used to connect
the data lines 171 with the source electrodes 173. The
first and second interconnectors 174 and 178 are sym-
metrically disposed to face each other with the gate line
121 interposed therebetween, and the first and second
interconnectors 174 and 178 do not overlap with the gate
line 121. The drain electrodes 175 are separated from
the data lines 171 and face the source electrodes 173
disposed on the gate electrodes 124. Each drain elec-
trode 175 includes one end having a wider end area, and
another end formed in a rod shape and having a prede-
termined area surrounded by the source electrode 173.
One gate electrode 124, one source electrode 173, and
one drain electrode 175 form a thin film transistor TFT
with a semiconductor 154, and the channel of the thin
film transistor is formed between the source electrode
173 and the drain electrode 175 on the semiconductor
154.
[0025] The data conductors 171 and 175 are made of
a refractory metal such as molybdenum, chromium, tan-
talum, titanium, and an alloy thereof, and have a multi-
layered structure made of a refractory metal layer (not
shown) and a low-resistivity conductive layer (not
shown). For example, the multi-layered structure may be
a dual-layered structure made of a chromium or molyb-
denum (alloy) lower layer and an aluminum (alloy) upper
layer, or a triple-layered structure made of a molybdenum
(alloy) lower layer, an aluminum (alloy) middle layer, and
a molybdenum (alloy) upper layer. However, the data
lines 171, the drain electrodes 175, and the storage elec-
trode lines 131 can be made of various metals or con-
ductors besides the materials described above. It is de-
sirable that the data conductors 171 and 175 are also
inclined to the substrate 110, and the inclination angle is
in a range of about 30°to about 80°. The ohmic contacts
163 and 165 are only present between the semiconduc-
tors 154 disposed thereunder and the data conductors
171 and 175 disposed thereabove. The ohmic contacts
163 and 165 reduce the contact resistance therebe-
tween. Each semiconductor 154 includes an exposed
region that is not covered by a data line 171 and a drain
electrode 175, such as a region between the source elec-
trode 173 and the drain electrode 175.
[0026] A passivation layer 180 is formed on the data
conductors 171 and 175 and the exposed portion of the
semiconductors 154. The passivation layer 180 can be
made of an inorganic insulator or an organic insulator,
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and can have a flat top surface. It is desirable that the
organic insulator has a dielectric constant of less than
about 4.0 and photosensitivity. The passivation layer 180
can have a dual-layered structure made of a lower inor-
ganic layer and an upper organic layer at the exposed
region of the semiconductor 154 in order to sustain the
inorganic layer’s excellent insulating characteristic and
to not damage the exposed region of the semiconductor
154. A plurality of contact holes 182 and 185 are formed
in the passivation layer 180 to expose the ends 179 of
the data lines 171 and the drain electrodes 175, and a
plurality of contact holes 181 are formed at the passiva-
tion layer 180 and the gate insulating layer 140 to expose
the ends 129 of the gate lines 121. A plurality of pixel
electrodes 191 and a plurality of contact assistants 81
and 82 are formed on the passivation layer 180. They
can be made of a transparent conductive material such
as ITO or IZO, or a reflective metal such as aluminum,
silver, chromium, or an alloy thereof.
[0027] Each pixel electrode 191 is physically and elec-
trically connected to a drain electrode 175 through a con-
tact hole 185, and receives a data voltage from the drain
electrode 175. The pixel electrode 191 receiving the data
voltage induces an electric field with the common elec-
trode 270 of the common electrode panel 200. Therefore,
the orientation of the liquid crystal molecules of the liquid
crystal layer 3 between the two electrodes 191 and 270
is determined. The polarization of the light passing
through the liquid crystal layer 3 varies according to the
determined orientation of the liquid crystal molecules.
The pixel electrode 191 and common electrode 270 sus-
tain the supplied voltage after a thin film transistor is
turned off by forming a capacitor (hereinafter, liquid crys-
tal capacitor). The pixel electrode 191 overlaps with the
storage electrode line 131 such as storage electrodes
137a and 137b, thereby forming a storage capacitor that
enhances the voltage sustain capability of the liquid crys-
tal capacitor.
[0028] Each pixel electrode 191 also has a quadrangle
shape having two pairs of main sides formed about par-
allel with the gate lines 121 or the data lines 171. Each
pixel electrode 191 has a chamfered right corner, thereby
forming an oblique side, and the oblique side forms an
angle of about 45° with the gate line. The pixel electrode
191 includes a first upper cutout 91a, a first lower cutout
91b, a second upper cutout 92a, and a second lower
cutout 92b, and the pixel electrode 191 partitions a plu-
rality of regions by these cutouts 91a, 91b, 92a, and 92b.
The cutouts 91a; 91b, 92a, and 92b are disposed with
approximately inverse symmetry with respect to a stor-
age electrode line 131 bisecting the pixel electrode 191.
The cutouts 91a, 91b, 92a, and 92b obliquely extend
about from the right side to the left side of the pixel elec-
trode 191. The first and second upper cutouts 91a and
92a and the first and second lower cutouts 91b and 92b
are placed on an upper area and a lower area based on
the storage electrode line 131, respectively. The first and
second upper cutouts 91a and 92a and the first and sec-

ond lower cutouts 91b and 92b extend vertical to each
other to form an angle of about 45° with the gate line 121.
Therefore, the lower area of the pixel electrode 191 is
divided into three regions by the first and second lower
cutouts 91b and 92b, and the upper area thereof is di-
vided into three regions by the first and second upper
cutouts 91a and 92a. The number of regions or cutouts
can change depending on design elements such as the
size of the pixel electrode 191, the length ratio between
the vertical side and the horizontal side of the pixel elec-
trode 191, and the type or characteristics of liquid crystal
layer 3. The contact assistants 81 and 82 are connected
to the ends 129 of the gate lines 121 and the ends 179
of the data lines 171 through corresponding contact holes
181 and 182. The contact assistants 81 and 82 comple-
ment the adhesive property between an external device
and the ends 129 of the gate lines 121 or the ends 179
of the data lines 171, and protect them.
[0029] Hereinafter, the upper panel 200 will be de-
scribed. A light blocking member 220 is formed on an
insulation substrate 210 made of transparent glass or
plastic. The light blocking member 220 is also called a
black matrix and blocks light leaking from between the
pixel electrodes 191. The light blocking member 220 in-
cludes a linear area corresponding to the data lines 171
and a planar area corresponding to the thin film transis-
tors. The light blocking member 220 prevents light leak-
age between the pixel electrodes 191 and defines an
opening region facing the pixel electrodes 191. The light
blocking member 220 can have a plurality of openings
(not shown) facing the pixel electrodes 191 and having
about the same shape as the pixel electrodes 191. A
plurality of color filters 230 are formed on the substrate
210. Generally, the color filters 230 are formed in a region
surrounded by the light blocking member 220, and extend
lengthwise along the line of pixel electrodes 191. Each
of the color filters 230 can display one of three primary
colors of red, green, and blue.
[0030] An overcoat 250 is formed on the color filters
230 and the light blocking member 220. The overcoat
250 can be made of an organic insulator. Such an over-
coat 250 prevents the color filters 230 from being ex-
posed and provides a flat surface. The overcoat 250 can
be omitted. However, when present, a common electrode
270 is formed on the overcoat 250. The common elec-
trode 270 can be made of a transparent conductor such
as ITO and IZO. In the common electrode 270, a plurality
of cutouts 71, 72a, and 72b are formed. One of cutout
sets 71 to 72b faces one pixel electrode 191, and includes
a center cutout 71, a lower cutout 72a, and an upper
cutout 72b. Each of the cutouts 71-72b is disposed be-
tween cutouts 91 to 92b adjacent to the pixel electrode
191, cutouts 92a and 92b, or the chamfered oblique sides
90a and 90b of the pixel electrode 191. Each of the cut-
outs 71 to 72b includes at least one of oblique line units
extending in parallel with the lower cutout 92a and the
upper cutout 92b of the pixel electrode 191. The cutouts
71 to 72b are disposed with approximately inverse sym-
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metry with respect to the storage electrode line 131.
[0031] Each of the lower and upper cutouts 72a and
72b has an oblique line part, a horizon line part, and a
vertical line part. The oblique line part extends about from
the upper area or the lower area of the pixel electrode
191 to the right side or the left side of the pixel electrode
191. The horizontal line part and the vertical line part
extend from each end of the oblique line part along the
side of the pixel electrode 191 while overlapping with the
side of the pixel electrode 191. The horizontal line part
and the vertical line part form an obtuse angle with the
oblique line part. The cutout 71 has a center vertical line
part, a pair of oblique line parts, and a pair of end vertical
line parts. The center vertical line part vertically extends
from about the left side of the pixel electrode 191 to the
storage electrode line 131. The pair of oblique line parts
extends from the end of the center vertical line part to
the right side of the pixel electrode 191, thereby forming
an obtuse angle with the center vertical line part, and
extends in parallel with the lower and upper cutouts 72a
and 72b, respectively. The end vertical line part extends
from the end of a corresponding oblique line part to the
right side of the pixel electrode while overlapping with
the right side, thereby forming an obtuse angle with the
oblique line part. The number of cutouts 71 to 72b can
change depending on design elements, and the light
blocking member 220 can overlap with the cutouts 71 to
72b, thereby blocking light leakage around the cutouts
71 to 72b. At least one of cutouts 71 to 72b, 91a, 91b,
92a, and 92b can be replaced with a protrusion (not
shown) or depression (not shown). The protrusion can
be made of an organic material or an inorganic material,
and can be disposed on or under a field generating elec-
trode 191.
[0032] Alignment layers 11 and 21 are coated on the
inside surfaces of the display panels 100 and 200, and
they can be vertical alignment layers. Polarizers 12 and
22 are provided at the outer surface of the display panels
100 and 200, and the polarization axis of the two polar-
izers can be in parallel with or cross each other. It is
desirable that one of the polarization axes is in parallel
with the gate lines 121 a and 121 b. In the case of a
reflective liquid crystal display, one of the two polarizers
12 and 22 can be omitted. The liquid crystal display also
can include polarizers 12 and 22, a phase retardation
film, display panels 100 and 200, and a lighting unit for
providing light to a liquid crystal layer 3. The liquid crystal
layer 3 has positive or negative dielectric anisotropy, and
the liquid crystal molecules of the liquid crystal layer 3
are arranged to have longitudinal axes vertical to the sur-
face of the two display panels in a state of no electric field.
[0033] Hereinafter, a method of operation of a liquid
crystal display according to the present embodiment will
be described in detail. A signal controller 600 receives
input image signals R, G, and B and an input control
signal for displaying the received input image signals R,
G, and B from an external graphics controller (not shown).
The input image signals R, G, and B contain information

about luminance of each pixel PX, and the luminance
has a predetermined number of grays, for example 1024
(=210), 256 (=28), or 64 (=26). For example, the input
control signal includes a vertical synchronization signal
Vsync, a horizontal synchronizing signal Hsync, a main
clock signals MCLK, and a data enable signal DE. The
signal controller 600 processes the input image signals
R, G, and B to be appropriate for the operating conditions
of the liquid crystal panel assembly 300 and the data
driver 500 based on the input image signals R,G, and B
and input control signal, and generates a gate control
signal CONT1 and a data control signal CONT2. Then,
the signal controller 600 outputs the gate control signal
CONT1 to the gate driver 400 and outputs the data control
signal CONT2 and the processed image signal DAT to
the data driver 500. The output image signal DAT is a
digital signal, and has a predetermined number value or
a predetermined gray.
[0034] The gate control signal CONT1 includes a scan-
ning start signal STV for ordering starting of scanning
and at least one clock signal for controlling the output
cycle of the gate- on voltage Von. The gate control signal
CONT1 can further include an output enable signal OE
that limits a time duration of the gate-on voltage Von. The
data control signal CONT2 includes a horizontal synchro-
nization start signal STH for notifying beginning of trans-
mitting image signals for a set of sub-pixels, and a load
signal LOAD and a data clock signal HCLK for ordering
to supply a data signal to the liquid crystal panel assem-
bly. The data control signal CONT2 can further include
an inversion signal RVS that inverts a voltage polarity of
a data signal for a common voltage Vcom. Hereinafter,
a data signal polarity denotes the voltage polarity of a
data signal for a common voltage.
[0035] The data driver 500 receives a digital image sig-
nal DAT for a set of sub-pixels, and converts the digital
image signal DAT to an analog data signal by selecting
a gray voltage corresponding to each digital image signal
DAT according to the data control signal CONT2 from
the signal controller 600. Then, the analog data signal is
supplied to a corresponding data line. The gate driver
400 supplies a gate-on voltage Von to the gate line ac-
cording to a gate control signal CONT1 from the signal
controller 600, thereby turning on a switching element
connected to the gate line. Then, the data signal supplied
to the data line is supplied to a corresponding pixel PX
through the turned-on switching element.
[0036] The gate driver 400 supplies a gate-on voltage
Von to the gate line according to a gate control signal
CONT1 from the signal controller 600, thereby turning
on a switching element connected to the gate line. Then,
the data signal supplied to the data line is supplied to a
corresponding pixel through the turned-on switching el-
ement. By repeating the above described operation in a
unit of 1 horizontal period 1H that is equivalent to one
cycle of a horizontal synchronizing signal Hsync and a
data enable signal DE, the data signal is provided to all
pixels PX, thereby displaying an image of a frame. After
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displaying the image of one frame, the next frame starts
and the state of the inversion signal RVS supplied to the
data driver 500 is controlled to invert the polarity of the
data signal from the previous frame ("frame inversion").
Herein, the polarity of a data signal flowing through a
data line can be inverted according to characteristics of
the inversion signal RVS even within one frame (for ex-
ample: row inversion, dot inversion), or the polarity of the
data signal supplied to one pixel can be different (for ex-
ample: column inversion, dot inversion).
[0037] Hereinafter, a method of repairing a liquid crys-
tal display according to an exemplary embodiment of the
present invention will be described with reference to FIG.
4 and FIGS. 6-7b. FIG. 6 and FIG. 7a show the repairing
of a liquid crystal panel assembly according to an exem-
plary embodiment of the present invention, and FIG. 7b
is a cross-sectional view of FIG. 7a taken along the line
VIIb-VIIb. Referring to FIG. 4, in the cross-section view
thereof, a gate electrode 124, a source electrode 173,
and a drain electrode 175 forming a thin film transistor
disposed to face one another with a gate insulating layer
140, a semiconductor layer 154, and ohmic contacts 163
and 165 interposed therebetween. Since the gate insu-
lating layer 140, the semiconductor layer 154, and the
ohmic contacts 163 and 165 are all thin films, the gate
electrode 124, the source electrode 173, and the drain
electrode 175 can become shorted due to errors or de-
fects introduced in a manufacturing process. If they are
shorted, a corresponding thin film transistor cannot op-
erate normally, and a corresponding pixel can become
deteriorated so that it cannot perform a normal display
operation in a liquid crystal display. In this case, the data
line 171 is physically and electrically separated from the
source electrode 173 by cutting or severing the first and
second interconnectors 174 and 178 that connect the
data line 171 and the source electrode 173, using a laser
so that the data voltage flowing in the data line 171 cannot
be supplied to the source electrode 173, thereby prevent-
ing undesired operation of the deteriorated thin film tran-
sistor. A pixel electrode 191 that is transitioned into a
floating state by cutting the first and second interconnec-
tors 174 and 178 is shorted to a storage electrode line
131 using a laser according to the first and second cut
lines CL1 and CL2. In this manner, a common voltage
Vcom flowing in the storage electrode line 131 1 is con-
tinuously applied to the pixel electrode 191 in order to
maintain the pixel electrode 191 in a black or inactive
state. Therefore, the deteriorated pixel can be excluded
from the display operation in the liquid crystal panel.
[0038] Referring to FIG. 7a and FIG. 7b, a semicon-
ductor bit 153 is formed at the crossing point of the data
line 171 and the gate line 121. The semiconductor bit
153 prevents the data line 171 from being shorted by
smoothing the profile of the surface. Since the gate in-
sulating layer 140, the semiconductor bit 153, and the
ohmic contact 160 are stacked between the gate line 121
and the data line 171 in this area, the gate line 121 is
insulated from the data line 171. However, the gate line

121 and the data line 171 can be shorted because the
gate insulating layer 140, the semiconductor bit 153, and
the ohmic contact 160 are all thin films. In this case, two
areas of the data line 171 are cut to separate the crossing
point of the gate line 121 and the data line 171 from the
data line 171 as shown in FIG. 7a. The first and second
cut lines CL1 and CL2 of the data line 171 are between
the first and second interconnectors 174 and 178. Then,
the data voltage flowing along the data line 171 placed
above the first cut line CL1 flows along the data line 171
under the second cut line CL2 through the second inter-
connector 178, the source electrode 173, and the first
interconnector 174 instead of the crossing of the data
line 171 and the gate line 121. Therefore, the data voltage
can be smoothly transferred without being influenced by
the short between the data line 171 and the gate line 121.
As described above, the liquid crystal display according
to an exemplary embodiment of the present invention
can be repaired not only when the gate electrode 124,
the source electrode 173, and the drain electrode 175
forming the thin film transistor are shorted, but also when
the data line 171 and the gate line 121 are shorted.
[0039] Hereinafter, a liquid crystal panel assembly ac-
cording to another exemplary embodiment of the present
invention will be described with reference to FIG. 8 to
FIG. 11. FIG. 8 is an equivalent circuit diagram of two
sub-pixels of a liquid crystal panel assembly according
to another exemplary embodiment of the present inven-
tion. Referring to FIG. 8, each pixel PX includes a pair of
sub-pixels, and the sub-pixels respectively include liquid
crystal capacitors Clca and Clcb. At least one of the two
sub-pixels includes a switching element (not shown) con-
nected to a gate line, a data line, and a liquid crystal
capacitor Clca or and Clcb. The liquid crystal capacitor
Clca or Clcb includes the sub-pixel electrode PEa or PEb
of the lower panel 100 and the common electrode 270
of the upper panel 200 as two terminals, and a liquid
crystal layer 3 between the sub-pixel electrode PEa or
PEb and the common electrode 270 functions as a die-
lectric material. A pair of sub-pixel electrodes PEa and
PEb that are separate from each other forms a pixel elec-
trode PE. The common electrode 270 is formed on the
entire surface of the upper panel 200 and receives a com-
mon voltage Vcom. The liquid crystal layer 3 has negative
dielectric anisotropy, and the liquid crystal molecules of
the liquid crystal layer 3 can be arranged to have a lon-
gitudinal axis vertical to the surface of the two display
panels in a state of no electric field. Since a color filter
230 and a polarizer (not shown) were already described
above, descriptions thereof are omitted.
[0040] Hereinafter, a liquid crystal panel assembly ac-
cording to another exemplary embodiment of the present
invention will be described with reference to FIG. 1 and
8-11. FIG. 9 is an equivalent circuit diagram illustrating
a pixel of a liquid crystal panel assembly according to
another exemplary embodiment of the present invention.
Referring to FIG. 9, the liquid crystal panel assembly ac-
cording to the present exemplary embodiment includes
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signal lines having a pair of gate lines GLa and GLb, a
plurality of data lines DL and a plurality of storage elec-
trode lines SL, and a plurality of pixels PX connected to
the signal lines. Each of pixels PX includes a pair of sub-
pixels PXa and PXb. Each of the sub-pixels PXa and PXb
includes a switching element Qa or Qb connected to a
corresponding gate line GLa or GLb and a data line DL,
a liquid crystal capacitor Clca or Clcb connected thereto,
and a storage capacitor Csta or Cstb connected to the
switching element Qa or Qb and the storage electrode
line SL. Each of the switching elements Qa and Qb is a
three-terminal element such as thin film transistor, dis-
posed at the lower panel 100. Each of the switching el-
ements Qa and Qb includes a control terminal connected
to the gate line GLa or GLb, an input terminal connected
to a data line DL, and an output terminal connected to a
liquid crystal capacitor Clca or Clcb and a storage capac-
itor Csta or Cstb.
[0041] A storage capacitor Csta and Cstb functioning
as an auxiliary of a liquid crystal capacitor Clca and Clcb
is formed of a storage electrode line SL overlapping with
a pixel electrode PE with an insulator interposed there-
between. A predetermined voltage such as a common
voltage Vcom is applied to the storage electrode line SL.
The storage capacitor Csta and Cstb can be formed of
a sub-pixel electrode PEa and PEb overlapping with a
previous gate line with an insulator as a medium. Since
the liquid crystal capacitors Clca and Clcb were already
described above, further detailed description thereof will
be omitted.
[0042] As described above, in the liquid crystal display
including the liquid crystal panel assembly, a signal con-
troller 600 can receive an input image signal R, G, and
B for one pixel, convert the received input image signal
to an output image signal DAT for two sub-pixels PXa
and PXb, and transmit the output image signal DAT to a
data driver 500. On the other hand, a gray voltage gen-
erator 800 independently generates gray voltage sets for
two sub-pixels PXa and PXb and alternatively provides
the generated gray voltage sets to the data driver 500,
or the data driver 500 alternatively selects the gray volt-
age sets so as to supply different voltages to two sub-
pixels PXa and PXb. It is desirable that an image signal
is corrected or a gray voltage set is generated to have a
composite gamma curve of two sub-pixels PXa and PXb
to be close to a reference gamma curve in the front. For
example, a front composite gamma curve must be
matched with a front reference gamma curve that is set
to be most suitable for the liquid crystal panel assembly,
and the side composite gamma curve must be closest to
the front reference gamma curve.
[0043] Hereinafter, the liquid crystal panel assembly
according to an exemplary embodiment of the present
invention shown in FIG. 9 will be described with reference
to FIGS. 10-11. FIG. 10 is a layout view of a liquid crystal
panel assembly according to another exemplary embod-
iment of the present invention, and FIG. 11 is a cross-
sectional view of the liquid crystal panel assembly of FIG.

10 taken along the line XI-XI. Referring to FIGS. 10-11,
the liquid crystal panel assembly according to the exem-
plary embodiment includes a lower panel 100 and an
upper panel 200 facing each other, and a liquid crystal
layer 3 interposed therebetween. The layered structured
of the liquid crystal panel assembly according to the
present exemplary embodiment is identical to that of the
liquid crystal display panel shown in FIG. 3 to FIG. 5.
[0044] Referring to FIGS. 10-11, the lower panel will
now be described. A plurality of gate conductors having
a plurality of pairs of first and second gate lines 121a and
121b, and a storage electrode line 131 are formed on an
insulation substrate 110. Each of the gate lines 121a and
121 b includes an end portion 129a or 129b of the first
and second gate electrodes 124a and 124b. A storage
electrode line 131 includes storage electrodes 137a and
137b. A gate insulating layer 140 is formed on the gate
conductors 121a, 121b, and 131. Semiconductor islands
154a and 154b are formed on the gate insulating layer
140, and a plurality of ohmic contacts 163a and 165a are
formed thereon. A data conductor having a plurality of
data lines 171 and a plurality of pairs of first and second
drain electrodes 175a and 175b are formed on the ohmic
contacts 163a and 165a and the gate insulating layer
140. Each data line 171 includes a plurality of pairs of
first and second source electrode 173a and 173b and
the end portion 179. The first and second source elec-
trodes 173a and 173b are connected to the data line 171
through the first and second interconnectors 174a, 174b,
178a, and 178b. A passivation layer 180 is formed on
the data conductors 171, 175a, and 175b and the ex-
posed portion of the semiconductors 154a and 154b. A
plurality of contact holes 181a, 181b, 182, 185a; and
185b are formed on the passivation layer 180 and the
gate insulating layer 140. A plurality of pixel electrodes
191 and a plurality of contact assistants 81 a, 81 b, and
82 are formed on the passivation layer 180. An alignment
layer 11 is formed on the pixel electrodes 191, the contact
assistants 81a, 81b, and 82, and the passivation layer
180.
[0045] Hereinafter, the upper panel of the liquid crystal
panel assembly according to the exemplary embodiment
shown in FIGS. 12-13 will be described. A light blocking
member 220, an overcoat 250, a common electrode 270,
and an alignment layer 21 are formed on an insulation
substrate 210. Unlike the liquid crystal panel assembly
shown in FIG. 3 and FIG. 5, the liquid crystal panel as-
sembly according to the exemplary embodiment shown
in FIGS. 10-11 includes the first and second sub-pixel
electrodes 191a and 191b where a pixel electrode 191
is separated. The first and second sub-pixel electrodes
191a and 191b are separated from each other by a gap
94. The gap 94 includes an oblique line part, and the
oblique line part forms an angle of 45° with the gate line
121. Different data voltages set for one input image signal
are supplied to a pair of sub-pixel electrodes 191 a and
191b. The amplitude thereof can be set according to the
size and shape of the sub-pixel electrodes 191 a and 191
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b. The areas of the sub-pixel electrodes 191 a and 191
b can be different. For example, the second sub-pixel
electrode 191b receives a higher voltage compared to
the first sub-pixel electrode 191 a, and has a larger area
compared to the first sub-pixel electrode 191a.
[0046] An angle of tilting the liquid crystal molecules
changes according to the magnitude of the electric field.
Since the voltages of two liquid crystal capacitors Clca
and Clcb are different from each other, the angles of tilting
of the liquid crystal molecules become different. There-
fore, the luminances of the two sub-pixels are different.
Therefore, if the voltage of the first liquid crystal capacitor
Clca is controlled to be matched with the voltage of the
second liquid crystal capacitor Clcb, it is possible to most
closely match an image watched from the side to an im-
age watched from the front. That is, the side gamma
curve can be most closely matched to the front gamma
curve, thereby improving side visibility.
[0047] Also, the side gamma curve can be controlled
to be further closer to the front gamma curve by reducing
the area of the first sub-pixel electrode 191 a receiving
the high voltage to be smaller than the area of the second
sub-pixel electrode 191b. Particularly, when the area ra-
tio of the first and second sub-pixel electrodes 191a and
191b is about 1:2 to about 1:3, the side gamma curve
becomes even closer to the front gamma curve, thereby
improving the side visibility. The direction of the second-
ary electric field additionally generated by the voltage
difference between the sub-pixel electrodes 191a and
191b is vertical to the main side of a subregion. Therefore,
the direction of the secondary electric field is matched
with the direction of the horizontal component of the pri-
mary electric field. Finally, the secondary electric field
between the sub-pixel electrodes 191 a and 191b
strengthens the crystals of the liquid crystal molecules in
the tilting direction.
[0048] Unlike the liquid crystal panel assembly shown
in FIG. 3 and FIG. 5, the liquid crystal panel assembly
according to the exemplary embodiment shown in FIG.
10 and FIG. 11 includes two gate lines 121a and 121 b,
gate electrodes 124a and 124b, semiconductor islands
154a and 154b, source electrodes 173a and 173b, and
drain electrodes 175a and 175b. The first and second
gate electrodes 124a and 124b, the first and second
source electrodes 173a and 173b, and the first and sec-
ond drain electrodes 175a and 175b form a first and a
second thin film transistor (TFT) Qa and Qb with the first
and second semiconductors 154a and 154b. The chan-
nels of the first and second thin film transistors Qa and
Qb are formed between the first and second source elec-
trodes 173a and 173b, and the first and second drain
electrodes 175a and 175b on the first and second sem-
iconductors 154a and 154b, respectively. Furthermore,
the semiconductors 154a and 154b extend along the data
line 171 and the drain electrodes 175a and 175b, thereby
forming a semiconductor stripe 151, and an ohmic con-
tact 163b extends along the data line 171, thereby form-
ing an ohmic contact stripe 161. The semiconductor

stripe 151 has a plane shape substantially identical to
that of the data line 171, the drain electrodes 175a and
175b, and the bottom of the ohmic contacts 161 and
165b.
[0049] In a method of manufacturing the thin film tran-
sistor array panel according to an exemplary embodi-
ment of the present invention, the data lines 171, the
drain electrodes 175a and 175b, the semiconductors
151, and the ohmic contacts 161 and 165b are formed
in a single photolithography process. A photosensitive
film having regions with difference thicknesses is used
in the photolithography process. Particularly, the photo-
sensitive film sequentially includes a first region, and a
second region that is thinner than the first region. The
first region is placed at a wiring region occupied by the
data line 171 and the drain electrodes 175a and 175b,
and the second region is placed at the channel region of
the thin film transistor.
[0050] As a photosensitive film having regions with dif-
ferent thicknesses, a photomask having a light transmit-
ting area, a light blocking area, and a translucent area
can be used. At the translucent area, a thin film having
a slit pattern, a lattice pattern, an intermediate light trans-
mitting rate, or an intermediate thickness is disposed.
When a thin film with a slit pattern is disposed, it is de-
sirable that the width of the slit or the gap between slits
is smaller than a resolution of a light exposer used in a
photolithography process. As another example, a reflow-
able photosensitive film can be used. That is, the reflow-
able photosensitive film is formed using a typical photo-
sensitive film having only a light transmitting area and a
light blocking area. Then, a thinner region thereof is
formed by reflowing the formed photosensitive film to a
region where no photosensitive film remained. As de-
scribed above, the manufacturing method thereof can be
simplified by reducing the photolithography processes.
Numerous advantages of the liquid crystal panel assem-
bly shown in FIG. 3 to FIG. 5 can be applied identically
to the liquid crystal panel assembly shown in FIG. 10 and
FIG. 11.
[0051] Hereinafter, the liquid crystal panel assembly
according to another exemplary embodiment of the
present invention shown in FIG. 8 will be described with
reference to FIG. 12 and FIG. 13. FIG. 12 is an equivalent
circuit diagram of a pixel of a liquid crystal panel assembly
according to another exemplary embodiment of the
present invention. Referring to FIG. 12, the liquid crystal
panel assembly according to the present exemplary em-
bodiment includes signal lines having a plurality of gate
lines GL, a plurality of pairs of data lines DLc and DLd,
and a plurality of storage electrode lines SL, and a plu-
rality of pixels PX connected to the signal lines. Each of
pixels PX includes a pair of sub-pixels PXc and PXd.
Each of the sub-pixels PXc and PXd includes a switching
element Qc or Qd connected to a corresponding gate
line GL and data lines DLc and DLd, a liquid crystal ca-
pacitor Clcc or Clcd connected thereto, and a storage
capacitor Cstc or Cstd connected to the switching ele-
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ment Qc or Qd and the storage electrode line SL. Each
of the switching elements Qc and Qd is a three-terminal
element such as a thin film transistor disposed at the
lower panel 100. Each of the switching elements Qc and
Qd includes a control terminal connected to the gate line
GL, an input terminal connected to the data lines DLc
and DLd, and an output terminal connected to a liquid
crystal capacitor Clcc or Clcd and a storage capacitor
Cstc or Cstd. Since the operations of the liquid crystal
capacitors Clcc and Clcd, the storage capacitors Cstc
and Cstd, and the liquid crystal display having the liquid
crystal panel assembly are substantially identical to those
of the above described exemplary embodiment, a de-
tailed description thereof will be omitted. Although two
sub-pixels PXa and PXa forming one pixel PX receive a
data voltage with a predetermined disparity in the liquid
crystal panel assembly shown in FIG. 9, the two sub-
pixels PXc and PXd receive a data voltage at the same
time in the present exemplary embodiment.
[0052] Hereinafter, the liquid crystal panel assembly
shown in FIG. 12 will be described with reference to FIG.
13. FIG. 13 is a layout view of a liquid crystal panel as-
sembly according to another exemplary embodiment of
the present invention. The liquid crystal panel assembly
according to the present exemplary embodiment in-
cludes a lower panel (not shown) and an upper panel
(not shown) facing each other, a liquid crystal layer (not
shown) interposed between the two panels, and a pair
of polarizers (not shown) attached at the outer surface
of the panel. The layered structure of the liquid crystal
panel assembly shown in FIG. 13 is identical to the lay-
ered structure of the liquid crystal panel assembly shown
in FIG. 3 to FIG. 5.
[0053] The lower panel of the liquid crystal panel as-
sembly shown in FIG. 13 will now be described. A gate
conductor having a plurality of gate lines 121 and a plu-
rality of storage electrode lines 131 are formed on an
insulation substrate (not shown). Each of the gate lines
121 includes a plurality of pairs of first and second gate
electrodes 124c and 124d and an end portion 129 there-
of. Each storage electrode line 131 includes storage elec-
trodes 137a and 137b. A gate insulating layer (not shown)
is formed on the gate conductor 121. The first and second
semiconductor islands 154c and 154d are formed on the
gate insulating layer, and a plurality of ohmic contacts
(not shown) are formed thereon. A data conductor having
a plurality of pairs of data lines 171c and 171d and a
plurality of first and second drain electrodes 175c and
175d are formed on the ohmic contacts. Each of the first
and second data lines 171c and 171 d includes a plurality
of the first and second source electrodes 173c and 173d
and the ends 179c and 179d thereof. The first and second
source electrodes 173c and 173d are connected to the
first and second data lines 171c and 171d through the
first and second interconnectors 174c, 174d, 178c, and
178d. A passivation layer (not shown) is formed on the
data conductors 171c, 171d, 175c, and 175d and the
exposed regions of the semiconductors 154c and 154d,

and a plurality of contact holes 181, 182c, 182d, 185c,
and 185d are formed on the passivation layer and the
gate insulating layer. A plurality of pixel electrodes 191
having the first and second sub-pixel electrodes 191a
and 191 and a plurality of contact assistants 81, 82c, and
82d are formed on the passivation layer. An alignment
layer (not shown) is formed on the pixel electrode 191,
the contact assistants 81, 82c, and 82d, and the passi-
vation layer.
[0054] Hereinafter, the upper panel of the liquid crystal
panel assembly shown in FIG. 13 will be described. A
light blocking member (not shown), a plurality of color
filters (not shown), an overcoat (not shown), a common
electrode (not shown), and an alignment layer (not
shown) are formed on an insulation substrate (not
shown). The liquid crystal panel assembly according to
the exemplary embodiment shown in FIG. 13 has half
the gate lines 121 and two times the data lines 171c and
171d-compared to that shown in FIG. 10. The first and
second TFTs Qc and Qd connected to the first and sec-
ond sub-pixel electrodes 191a and 191b forming one pix-
el electrode 191 are connected to the same gate line 121
and different data lines 171 and 171 d. The numerous
advantages of the liquid crystal panel assembly shown
in FIG. 3 to FIG. 5 can be applied to the liquid crystal
panel assembly shown in FIG. 13.
[0055] Hereinafter, a liquid crystal panel assembly
shown in FIG. 8 will be described with reference to FIGS.
14-16. FIG. 14 is an equivalent circuit diagram of a pixel
of a liquid crystal panel assembly according to another
exemplary embodiment of the present invention. Refer-
ring to FIG. 14, the liquid crystal panel assembly includes
signal lines having plurality of gate lines GL, a plurality
of data lines DL, and a plurality of pixels PX connected
thereto. Each pixel PX includes a pair of the first and
second sub-pixels PXe and PXf, and a coupling capacitor
Ccp interposed between the two sub-pixels PXe and PXf.
The first sub-pixel PXe includes a switching element Q
connected to a corresponding gate line GL and data line
DL, a first liquid crystal capacitor Clce connected thereto,
and a storage capacitor Cst. The second sub-pixel PXf
includes a second liquid crystal capacitor Clef connected
to the coupling capacitor Ccp.
[0056] The switching element Q is a three terminal el-
ement such as a thin film transistor included in the lower
panel 100. The switching element Q includes a control
terminal connected to the gate line GL, an input terminal
connected to the data line DL, and an output terminal
connected to the liquid crystal capacitor Clce, the storage
capacitor Cste, and the coupling capacitor Ccp. The
switching element Q supplies a data voltage from the
gate line GL according to the gate signal from the data
line DL to the first liquid crystal capacitor Clce and the
coupling capacitor Ccp. The coupling capacitor Ccp
transforms the magnitude of the voltage and transfers
the transformed voltage to the second liquid crystal ca-
pacitor Clef. If a common voltage Vcom is supplied to the
storage capacitor Cste and the capacitances of the ca-
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pacitors Clce, Cste, Clcf, and Ccp are expressed by the
same reference numerals, the voltage Ve charged at the
first liquid crystal capacitor Clce and the voltage Vf
charged at the second liquid crystal capacitor Clcf has
the following relationship.

[0057] Since the value of Ccp/(Ccp+Clcf) is smaller
than 1, the voltage Vf charged at the second liquid crystal
capacitor (Clcf) is always smaller than the voltage Ve
charged at the first liquid crystal capacitor (Clce). The
relationship is equally applied although a voltage applied
to the storage capacitor Cste is not the common voltage
Vcom. The appropriate or effective ratio of the voltage
Ve of the first liquid crystal capacitor Clce and the voltage
Vf of the second liquid crystal capacitor Clef can be ob-
tained by controlling the capacitance of the coupling ca-
pacitor Ccp.
[0058] Now, the liquid crystal panel assembly accord-
ing to an exemplary embodiment will be described with
reference to FIGS. 15-16. FIG. 15 is a layout view of a
liquid crystal panel assembly according to another ex-
emplary embodiment of the present invention, and FIG.
16 is a cross-sectional view of the liquid crystal panel
assembly of FIG. 15 taken along the line XVI-XVI. Re-
ferring to FIG. 15, the liquid crystal panel according to
the present exemplary embodiment includes a lower pan-
el 100, an upper panel 200 facing the low panel 100, a
liquid crystal layer 3 interposed between the panels 100
and 200, and a pair of polarizers 12 and 22 attached at
the outer surface of the display panel. The layered struc-
ture of the liquid crystal panel assembly according to the
present exemplary embodiment is identical to that shown
in FIG. 3 to FIG. 5.
[0059] Hereinafter, the lower panel 100 will now be de-
scribed. A plurality of gate conductors having a plurality
of gate lines 121 and storage electrode lines 131 are
formed on an insulation substrate 110. Each gate line
121 includes a gate electrode 124 and an end portion
129 thereof, and the storage electrode line 131 includes
a storage electrode 137. A gate insulating layer 140 is
formed on a gate conductor 121. A semiconductor island
154 is formed on the gate insulating layer 140, and a
plurality of ohmic contacts 163 and 165 are formed ther-
eon. A data conductor having a plurality of data lines 171
and a plurality of drain electrodes 175 are formed on the
ohmic contacts 163 and 165 and the gate insulating layer
140. Each data line 171 includes a plurality of source
electrodes 173, and end portions 179 thereof. Each
source electrode 173 is connected to a data line 171
through the first and second interconnectors 174 and
178. A passivation layer 180 is formed on the data con-
ductors 171 and 175 and the exposed regions of the sem-
iconductor 154, and a plurality of contact holes 181, 182,
and 185 are formed on the passivation layer 180 and the

gate insulating layer. A plurality of pixel electrodes 191
and a plurality of contact assistants 81 and 82 are formed
on the passivation layer 180. An alignment layer 11 is
formed on the pixel electrode 191, the contact assistants
81 and 82, and the passivation layer 180.
[0060] Hereinafter, the upper panel 200 will now be
described. A light blocking member 220, an overcoat 250,
a common electrode 270, and an alignment layer 21 are
formed on an insulation substrate 210. The pixel elec-
trode 191 and the common electrode 270 according to
the present exemplary embodiment are similar to the pix-
el electrode 191 and the common electrode 270 in the
liquid crystal panel assembly shown in FIG. 10 and FIG
13. However, the pixel electrode 191 according to the
present embodiment is divided into a first sub-pixel elec-
trode 191a and a second sub-pixel electrode 191b, unlike
that shown in FIG. 3. The first sub-pixel electrode 191a
is connected to the drain electrode 175 through a contact
hole 185. The liquid crystal panel assembly according
the present exemplary embodiment includes the drain
electrode 175 and a coupling electrode 176. After the
coupling electrode 176 extends substantially in parallel
with the data line 171, the coupling electrode 176 curves
and then extends along the lower cutout 72b of the com-
mon electrode 270. The coupling electrode 176 overlaps
with the second sub-pixel electrode 191b. The coupling
electrode 176 and the second sub-pixel electrode 191b
form a coupling capacitor Ccp.
[0061] The liquid crystal panel assembly according to
the present exemplary embodiment includes a plurality
of color filters 230 formed under the passivation layer
180 of the lower panel instead of disposing the color filters
at the upper panel 200, unlike the above-described liquid
crystal panel assembly. The color filter 230 extends lon-
gitudinally in a vertical direction while periodically bend-
ing along the pixel electrode 191, and is not present at
peripheral areas of the end portion 129 of the gate line
121 and the end portion 179 of the data line 171. A contact
hole 185 passes through the color filter 230, and a
through hole 235 that is larger than the contact hole 185
is formed at the color filter 230. The adjacent color filters
230 are overlapped on the data line 171, thereby having
a function of a light blocking member that blocks light
leakage between the pixel electrodes 191. In this case,
the light blocking member can be omitted form the upper
panel 200. Therefore, the manufacturing process can be
simplified. A passivation layer (not shown) can be formed
under the color filter 230, and the over coat 250 of the
common electrode panel 200 can be omitted. The nu-
merous advantages of the liquid crystal panel assembly
shown in FIG. 3 to FIG. 5 can be applied to the liquid
crystal panel assembly shown in FIGS. 15-16.
[0062] Hereinafter, a liquid crystal display according
to another exemplary embodiment of the present inven-
tion will be described with reference to FIGS. 17-18. Re-
ferring to FIG. 17, the liquid crystal display according to
an exemplary embodiment of the present invention in-
cludes a liquid crystal panel assembly 300, a pair of gate
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drivers 400a and 400b and a data driver 500 connected
to the liquid crystal panel assembly 300, a gray voltage
generator 800 connected to a storage electrode driver
700 and a data driver 500, and a signal controller 600 for
controlling them.
[0063] In a view of an equivalent circuit, the liquid crys-
tal panel assembly 300 includes a plurality of display sig-
nal lines and a plurality of pixels PX1, PX2, and PX3
connected to the display signal lines and arranged in a
matrix shape. In the liquid crystal display of FIG. 17, each
of the pixels PX1, PX2, and PX3 has a shape configured
to be longer in a row direction, unlike the liquid crystal
display shown in FIG. 1. Therefore, in the liquid crystal
display according to the present exemplary embodiment,
the number of data lines G1-Gn is three times that in the
liquid crystal display shown in FIG. 3, and the number of
data lines D1-Dm is 1/3 that in the liquid crystal display
shown in FIG. 1. The pixels PX1, PX2 and PX3 adjacent
in a row direction have three different colors of color fil-
ters, and the three different colors can be red, green, and
blue. The pixels PX1 to PX3 of three primary colors form
one dot DT as a basic unit for displaying an image.
[0064] Referring now briefly to FIG. 1, each pixel array
is adjacent to two data lines, and the pixels PX1, PX2,
and PX3 in each pixel array are alternatively connected
to two data lines. In other words, a switching element Q
of three adjacent pixels PX1, PX2, and PX3 in each pixel
array is connected to the same data lines D1 to Dm, and
another switching element Q of the next two pixels PX1,
PX2, and PX3 is connected to data lines D1 to Dm that
are different from the data lines connected to the switch-
ing element Q of two previous pixels. However, the cou-
pling relations of the switching element Q can be changed
in various ways.
[0065] Gate drivers 400a and 400b are integrated at
the liquid crystal panel assembly 300 with signal lines G1
to Gn and D1 to Dm and a thin film transistor switching
element Q, and are respectively disposed at the left side
and the right side of the liquid crystal panel assembly
300. The gate drivers 400a and 400b are alternatively
connected to odd-numbered gate lines and even-num-
bered gate lines, and supply a gate signal formed of a
combination of a gate-on voltage Von and a gate-off volt-
age Voff to gate lines G1 to Gn. However, the gate driver
400a and 400b can be disposed at only one side of the
assembly 300. Since the data driver 500, the signal con-
troller 600, and the gray voltage generator 800 are iden-
tical to those in FIG. 1, further detailed descriptions there-
of will be omitted.
[0066] Hereinafter, a liquid crystal panel assembly of
a liquid crystal display shown in FIG. 17 will be described
with reference to FIG. 18. Referring to FIG. 18, the liquid
crystal panel assembly according to the present exem-
plary embodiment includes a lower panel (not shown)
and an upper panel (not shown) facing each other and a
liquid crystal layer (not shown) interposed therebetween.
The layered structure of the liquid crystal panel assembly
according to the present exemplary embodiment is iden-

tical to that shown in FIGS. 3-5.
[0067] Hereinafter, the lower panel 100 will be de-
scribed. A plurality of gate lines 121 are formed on an
insulation substrate 110. Each gate line 121 includes a
gate electrode 124 and an end portion 129 thereof. A
gate insulating layer 140 is formed on the gate conductor
121. A semiconductor island 154 is formed on the gate
insulating layer 140, and a plurality of ohmic contacts 163
and 165 are formed thereon. A data conductor having a
plurality of data lines 171 and a plurality of drain elec-
trodes 175, and a storage electrode line 131, are formed
on the ohmic contacts 163 and 165 and the gate insulat-
ing layer 140. Each of the data lines 171 includes a plu-
rality of source electrodes 173 and the end portions 179
thereof. The source electrodes 173 are connected to the
data lines 171 through interconnectors 174 and 178. A
storage electrode line 131 includes a storage electrode
137. A passivation layer 180 is formed on the data con-
ductors 171 and 175 and the exposed regions of the sem-
iconductor 154, and a plurality of contact holes 181, 182,
and 185 are formed at the passivation layer 180 and the
gate insulating layer 140. A plurality of pixel electrodes
191 and a plurality of contact assistants 81 and 82 are
formed on the passivation layer. An alignment layer 11
is formed on the pixel electrodes 191, the contact assist-
ants 81 and 82, and the passivation layer.
[0068] Hereinafter, the upper panel will be described.
A light blocking member 220, a plurality of color filters
230, an overcoat 250, a common electrode 270, and an
alignment layer 21 are formed on an insulation substrate
210. In the liquid crystal panel assembly of FIG. 18, each
pixel electrode 191 has four main sides disposed in par-
allel with a gate line 121 or a data line 171, unlike the
liquid crystal panel assembly of FIG. 3. Among them, the
two horizontal sides 191h parallel with the gate line 121
are about three times longer than the adjacent two ver-
tical sides 191v parallel with the data line 171. Therefore,
the number of pixel electrodes 191 placed in each row
is smaller and the number of pixel electrodes 191 placed
in each column is larger compared to that having hori-
zontal sides that are shorter than vertical sides. Since
the entire number of the data lines 171 is reduced, the
number of IC chips for the data drivers 500 is also re-
duced. Therefore, the material cost can be reduced. Al-
though the number of gate lines 121 increases accord-
ingly, the increase of the gate lines 121 is not a serious
problem because the gate drivers 400a and 400b can be
integrated in the assembly 300 with the gate lines 121,
the data lines 171, and the thin film transistors. Since the
IC chips for the gate drivers 400a and 400b are compar-
atively cheap, it is advantageous to reduce the number
of IC chips for the data driver 500 even though the gate
drivers 400a and 400b are mounted as IC chips. The
pixel electrode 191 overlaps with a storage electrode line
131 such as the storage electrode 137, thereby forming
a storage capacitor that enhances a capability of sustain-
ing the voltage of a liquid crystal capacitor. The branch
line of the storage electrode line 131 crosses the center
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of the pixel electrode 191 in a vertical direction, and in-
cludes a storage electrode 137 extended from the branch
line to the left and the right. The storage electrode line
131 is placed at the same layer as a data conductor and
is formed of the same material as the data conductor for
the above-described arrangement.
[0069] According to one or more embodiments of the
present invention, a pixel can be conveniently repaired
not only when the thin film transistor of the liquid crystal
display becomes deteriorated but also when the gate line
and the data line are shorted. Therefore, the yield of the
liquid crystal display can be improved.
[0070] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims

1. A liquid crystal display, comprising:

a substrate;
a gate conductor formed on the substrate, the
gate conductor including a gate line and a gate
electrode;
a data conductor including a data line crossing
the gate line and a source electrode placed on
the gate electrode; and
a pixel electrode formed on the substrate,
wherein the data line and the source electrode
are connected with a first interconnector and a
second interconnector.

2. The liquid crystal display of claim 1, wherein the first
interconnector and the second interconnector are
disposed with the gate line interposed therebetween.

3. The liquid crystal display of claim 1, wherein the first
interconnector and the second interconnector do not
overlap with the gate line.

4. The liquid crystal display of claim 1, wherein the first
interconnector and the second interconnector are
disposed with a crossing point of the data line and
the gate line interposed therebetween.

5. The liquid crystal display of claim 1, wherein a first
cutout is formed on the pixel electrode, the first cutout
making an oblique angle with the gate line.

6. The liquid crystal display of claim 5, further compris-
ing a common electrode disposed facing the pixel
electrode,
wherein a second cutout is formed on the common

electrode, the second cutout being substantially par-
allel to the first cutout.

7. The liquid crystal display of claim 1, wherein the pixel
electrode comprises two pairs of main edges parallel
to the gate line and the data line, respectively.

8. The liquid crystal display of claim 1, wherein the pixel
electrode comprises a first sub-pixel electrode and
a second sub-pixel electrode that are separate from
each other.

9. The liquid crystal display of claim 8,
wherein the first sub-pixel electrode conducts a first
voltage level and the second sub-pixel electrode
conducts a second voltage level, and
wherein the first voltage level of the first sub-pixel
electrode and the second voltage level of the second
sub-pixel electrode are different from each other.

10. The liquid crystal display of claim 9, wherein the first
sub-pixel electrode and the second sub-pixel elec-
trode are supplied with different data voltages ob-
tained from a single image information.

11. The liquid crystal display of claim 10, further com-
prising:

a first thin film transistor connected to the first
sub-pixel electrode;
a second thin film transistor connected to the
second sub-pixel electrode;
a first signal line connected to the first thin film
transistor;
a second signal line connected to the second
thin film transistor; and
a third signal line connected to the first thin film
transistor and the second thin film transistor, the
third signal line crossing the first signal line and
the second signal line.

12. The liquid crystal display of claim 11, wherein the
first thin film transistor and the second thin film tran-
sistor are turned on according to signals received
from the first signal line and the second signal line,
respectively, the first and second thin film transistors
being configured to transfer signals from the third
signal line.

13. The liquid crystal display of claim 11, wherein the
first thin film transistor and the second thin film tran-
sistor are turned on according to signals received
from the third signal line, the first and second thin
film transistors being configured to transfer signals
from the first signal line and the second signal line,
respectively.

14. The liquid crystal display of claim 9, wherein the first
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sub-pixel electrode and the second sub-pixel elec-
trode are capacitively coupled.

15. The liquid crystal display of claim 14, further com-
prising:

a first thin film transistor connected to the first
sub-pixel electrode;
a first signal line connected to the first thin film
transistor; and
a second signal line connected to the first thin
film transistor and crossing the first signal line.

16. The liquid crystal display of claim 1, wherein the pixel
electrode has a first side parallel to the gate line and
a second side adjacent to the first side, the second
side being shorter than the first side.

17. The liquid crystal display of claim 16, wherein the
first side is about three times longer than the second
side.

18. A liquid crystal display, comprising:

a substrate;
a gate conductor formed on the substrate, the
gate conductor including a gate line and a gate
electrode;
a data conductor including a data line crossing
the gate line and a source electrode placed on
the gate electrode; and
a pixel electrode formed on the substrate,
wherein the data line and the source electrode
are connected with a plurality of interconnectors.

19. The liquid crystal display of claim 18, wherein at least
a part of the interconnectors do not overlap with the
gate conductor.

20. The liquid crystal display of claim 18, wherein the
interconnectors are configured to be cut by a laser
so that a voltage level may be continuously applied
to the pixel electrode, the applied voltage level main-
taining the pixel electrode in an inactive state.
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