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THIN FILM TRANSISTOR ARRAY PANEL AND
LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2005-0097704 filed in
the Korean Intellectual Property Office on Oct. 17, 2005, the
entire contents of which are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display (LCD) having a thin film transistor array panel.

DESCRIPTION OF THE RELATED ART

[0003] Liquid crystal displays include two display panels,
one having pixel electrodes and the other having a common
electrode with a liquid crystal layer having dielectric anisot-
ropy between them. Pixel electrodes are arranged in a
matrix, and are connected to switching elements such as thin
film transistors (TFTs). A data voltage is sequentially applied
to the rows of pixel electrodes. Common electrode is sup-
plied with a common voltage. Pixel electrode, common
electrode, and the anisotropic dielectric liquid crystal layer
form a liquid crystal capacitor structure. Liquid crystal
capacitor and switching element connected thereto consti-
tute a pixel unit.

[0004] When a voltage is applied to the two electrodes of
liquid crystal display, an electric field is generated in liquid
crystal layer. The intensity of the electric field controls the
transmittance of light passing through liquid crystal layer,
thereby displaying a desired image. In order to prevent
deterioration of display, the polarity of the data voltage with
respect to common voltage is periodically inverted every
frame, every column, or every pixel.

[0005] Liquid crystal display includes gate lines that trans-
mit gate signals for controlling switching elements, data
lines that transmit data voltages to be applied to field
generating electrodes, a gate driver that generates gate
signals, and a data driver that generates the data voltages. In
general, gate driver and data driver are composed of a
plurality of driver IC chips.

SUMMARY OF THE INVENTION

[0006] In order to decrease the number of driver IC chips
and thus to reduce manufacturing costs it is particularly
important to reduce the number of data driver IC chips since
they are more expensive than gate driving circuit chip.

[0007] In accordance with an embodiment of the present
invention, two data lines are disposed for every three pixel
columns thereby reducing the number of data driving chips
for supplying signals to the data lines. While the number of
gate lines is doubled, since gate driving chips are inexpen-
sive, the increased number of gate driving chips does not
have a significant effect on manufacturing cost. Further,
since the gate driving circuit for supplying driving signals to
the gate lines performs a very simple function, the gate
driving circuit can be integrated into one substrate by using
a thin film transistor forming process, thereby reducing the
number of gate driving chips.
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[0008] The thin film transistor array panel includes first
and second gate lines that are connected to switching
elements extending in a row direction correspond to a row
of pixel electrodes and first and second data lines connected
to switching elements extending in a column direction
corresponding to three pixel columns. Referring to a group
of three pixel columns, pixel electrodes in the first and
second pixel columns are connected to the first data line
through switching elements, and pixel electrodes in the third
pixel column are connected to the second data line through
switching elements.

[0009] The thin film transistor array panel includes a gate
driving circuit that supplies a gate-on voltage or a gate-off’
voltage to the first and second gate lines. In addition, while
applying gate-on voltage to the first gate line, gate driving
circuit applies gate-on voltage to the second gate line.

[0010] The thin film transistor array panel further includes
a data driving circuit that supplies image signals to the first
and second data lines, and the data driving circuit may
supply two-dot inversion driving signals.

[0011] The thin film transistor array panel may further
include redundant data lines corresponding to the first to
third pixel columns. A redundant data line may be connected
to the first data line, and a predetermined voltage may be
applied to the redundant data line.

[0012] The thin film transistor array panel may further
include connecting portions each of which connects the first
data line to the second data line, lead portions that connect
the first and second data lines to the data driving circuit, and
connecting members that connect the lead portions to the
connecting portions. At least a part of the third data line may
pass between the lead portion and the connecting portion to
be connected to the data driving circuit.

[0013] When one pixel column group is composed of the
first to third pixel columns that are sequentially arranged, the
third data line of an even-numbered pixel column group may
pass between the lead portion and the connecting portion to
be connected to the data driving circuit, and the third data
line of an odd-numbered pixel column group may not pass
between the lead portion and the connecting portion.

[0014] Each of pixel electrodes may include two paral-
lelogram-shaped electrode pieces inclined in different direc-
tions, and oblique sides of the two electrode pieces may
intersect each other to form a pair of curved edges.

[0015] When the pair of sub-pixel electrodes serving as
one pixel electrode are referred to as first and second
sub-pixel electrodes, the first sub-pixel electrode may over-
lap the first storage electrode line, and the second sub-pixel
electrode may overlap the second storage electrode line.
Different voltages may be applied to the first storage elec-
trode line and the second storage electrode line.

[0016] The thin film transistor array panel may further
include third storage electrode lines that overlap the second
sub-pixel electrodes. In addition, different voltages may be
applied to the first storage electrode line and the second
storage electrode line, and the same voltage may be applied
to the second storage electrode line and the third storage
electrode line.

[0017] Each of switching elements may include a gate
electrode that is connected to the first gate line or the second
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gate line, a source electrode that is connected to any one of
the first to third data lines, and a drain electrode that is
opposite to the source electrode above gate electrode and has
an expanded portion. The expanded portions of drain elec-
trodes in the first and third pixel columns may overlap the
first storage electrode lines, and the expanded portions of
drain electrodes in the second pixel column may overlap the
second storage electrode lines. Each of the sub-pixel elec-
trodes may include two parallelogram-shaped electrode
pieces inclined in different directions, and oblique sides of
the two electrode pieces may intersect each other to form a
pair of curved edges.

BRIEF DESCRIPTION OF THE DRAWING

[0018] The foregoing objects and features of the present
invention may become more apparent from the ensuing
description when read together with the drawing, in which:

[0019] FIG. 1 is a block diagram illustrating a liquid
crystal display according to an exemplary embodiment of
the present invention;

[0020] FIG. 2 is an equivalent circuit diagram of one pixel
of the liquid crystal display according to the exemplary
embodiment of the present invention;

[0021] FIG. 3 is a circuit diagram illustrating a thin film
transistor array panel according to an exemplary embodi-
ment of the present invention;

[0022] FIG. 4 is a layout view illustrating the thin film
transistor array panel according to the exemplary embodi-
ment of the present invention;

[0023] FIG. 5 is a cross-sectional view of the thin film
transistor array panel that is taken along the line V-V' of FIG.
4, and FIG. 5 is a cross-sectional view of the thin film
transistor array panel that is taken along the line VI-VI' of
FIG. 4;

[0024] FIGS. 7A and 7B are timing charts illustrating a
driving voltage for a liquid crystal display according to an
exemplary embodiment of the present invention;

[0025] FIGS. 8to 12 and FIGS. 14 and 15 are layout views
illustrating a thin film transistor array panel according to
another exemplary embodiment of the present invention;
and

[0026] FIG. 13 is a cross-sectional view taken along the
line XIII-XIII of FIG. 12.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown. In
the drawings, the thickness of layers, films, panels, regions,
etc., are exaggerated for clarity. Like reference numerals
designate like elements throughout the specification. It will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing 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.
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[0028] As shown in FIG. 1, liquid crystal display accord-
ing to the exemplary embodiment of the present invention
includes a liquid crystal panel assembly 300, a gate driver
400 and a data driver 500 connected to liquid crystal panel
assembly 300, a gray voltage generator 800 connected to
data driver 500, and a signal controller 600 for controlling
the above-mentioned components. In the equivalent circuit
diagram, liquid crystal panel assembly 300 is connected to
a plurality of display signal lines G, ;, to G, , and D, , to
D_, and includes a plurality of pixels arranged substantially
in a matrix.

[0029] Display signal lines G, ; to G, ,and D, , to D_ ,
include a plurality of gate lines G,_; to G,,_, for transmitting
gate signals (referred to as “scanning signals”) and a plu-
rality of data lines D,_; to D_,_, for transmitting data signals.
Gate lines G,_, to G, _, extend substantially in a row direc-
tion so as to be parallel to each other, and data lines D, |, to
D, ., extend substantially in a column direction so as to be
parallel to each other.

[0030] Each pixel includes a switching element Q con-
nected to one of display signal lines G, _; to G, , and D, ; to
D, .5, a liquid crystal capacitor C;  connected to switching
element Q, and a storage capacitor Cg1. Storage capacitor
C,, may be omitted if necessary.

[0031] Switching element Q is a three-terminal element,
such as a thin film transistor, and is provided on lower panel
100. A control terminal of switching element Q is connected
to gate line G, , to G, ,, an input terminal thereof is
connected to the data line D, , to D, ,, and an output
terminal thereof is connected to liquid crystal capacitor C;
and storage capacitor Cgyr.

[0032] Liquid crystal capacitor C; - has as two terminals,
a pixel electrode 191 of lower panel 100 and a common
electrode 270 of upper panel 200 with a liquid crystal layer
3 between the two electrodes as a dielectric material. Pixel
electrode 191 is connected to switching element Q, and
common electrode 270 is formed on the entire surface of the
upper panel 200 and is supplied with a common voltage
Vcom. Unlike the structure shown in FIG. 2, common
electrode 270 may be provided on lower panel 100 in which
case at least one of the two electrodes 191 and 270 may be
formed in a linear or bar shape.

[0033] Storage capacitor Cgq, serving as an auxiliary
member of liquid crystal capacitor C; ., is composed of a
signal line (not shown) provided on the lower panel 100,
pixel electrode 191, and an insulator interposed therebe-
tween. A predetermined voltage, such as common voltage
Vcom, is applied to the signal line. Alternatively, storage
capacitor Cy may be a laminated structure of pixel elec-
trode 191, the insulator, and a previous gate line formed on
the insulator.

[0034] Asshown in FIG. 3, each pair of gate lines G,_, and
Gy_me1) (0 is a natural number) are sequentially disposed
below the corresponding row of pixel electrodes 191. Each
of data lines D,_;, D,,, D, ;, D, , and so on is disposed
between two adjacent columns of pixels. Assuming that
three pixel columns belong to one pixel column group, a pair
of data lines D,_, and D,_,, D, and D,_,, or the like are
included in one pixel column group so that no data line is
provided between one pixel column group and another pixel
column group. Connection among pixel electrodes 191, gate
lines G,; to G,,, and data lines D, , to D, will be
described in detail below.
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[0035] A plurality of pairs of gate lines G,_, to G,,_, are
disposed below pixel electrodes 191a, 1915, and 191¢ and
are connected to pixel electrodes 191a, 1915, and 191c
through switching elements Qa, Qb, and Qc arranged below
pixel electrodes 191a, 1915, and 191c¢. In this structure,
when an upper gate line of a pair of gate lines G,_, and G,
is referred to as a first gate line G, and a lower gate line
thereof is referred to as a second gate line G, _,, the first gate
line G, _, is connected to pixel electrode 1915 in the first
pixel column of the pixel column groups, and the second
gate line G, , is connected to the first and third pixel
electrodes 191a and 191c¢ in the first and third pixel columns
of the pixel column groups.

[0036] The plurality of pairs of data lines D, | to D, ,
disposed among pixel electrodes 191a, 1915, and 191¢ are
connected to the corresponding pixel electrodes 191a, 1915,
and 191c¢ through switching elements Qa, Qb, and Qc
arranged below pixel electrodes 191a, 1915, and 191c. In
this structure, when a left data line of two data lines in one
pixel column group is referred to as a first data line D__, and
a right data line thereof is referred to as a second data line
D, , the first data line D_,_; is connected to pixel electrodes
191a and 1915 in the first and second pixel columns that are
disposed on both sides of the first data line D, _,, and the
second data line D__, is connected to pixel electrode 191¢ in
the third pixel column that is disposed on the right side of the
second data line D__ ,.

[0037] That is, switching element Qa in the first pixel
column is connected to the second gate line G, _,, the first
data line D_,_,, and pixel electrode 191a in the first pixel
column, and switching element Qb in the second pixel
column is connected to the first gate line G, _,, the first data
line D, _;, and pixel electrode 1915 in the second pixel
column. In addition, switching element Qc in the third pixel
column is connected to the second gate line G, _,, the second
data line D and pixel electrode 191c in the third pixel
column.

m-23

[0038] In order to perform color display, each pixel spe-
cifically displays one of the primary colors (spatial division),
or the pixels alternately display the primary colors with time
(temporal division), which causes the primary colors to be
spatially and temporally synthesized, thereby displaying a
desired color. As an example of the spatial division, FIG. 2
shows that each pixel has a color filter 230 for displaying
one of red, green, and blue in a region corresponding to pixel
electrode 191. Unlikely the structure shown in FIG. 2, the
color filter 230 may be provided above or below pixel
electrode 191 of the lower panel 100.

[0039] InFIG. 3, it is preferable that the first to third pixel
columns of one pixel column group are red, green, and blue
pixel columns, respectively. Alternatively, the first to third
pixel columns may be formed of different combinations of
red, green, and blue pixel columns.

[0040] A polarizer (not shown) for polarizing light is
mounted to an outer surface of at least one of the two display
panels 100 and 200 of liquid crystal panel assembly 300.

[0041] Next, the structure of the thin film transistor array
panel 100 of liquid crystal panel assembly 300 will be
described in detail with reference to FIGS. 4 to 6. FIG. 4 is
a layout view illustrating the thin film transistor array panel
according to an exemplary embodiment of the present
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invention, FIG. 5 is a cross-sectional view of the thin film
transistor array panel taken along the line V-V' of FIG. 4, and
FIG. 6 is a cross-sectional view of the thin film transistor
array panel taken along the line VI-VI' of FIG. 4.

[0042] As described above, liquid crystal display accord-
ing to the exemplary embodiment of the present invention
includes thin film transistor array panel 100, a common
electrode panel 200 opposite the thin film transistor array
panel 100, and a liquid crystal layer 3 interposed between
the thin film transistor array panel 100 and the common
electrode panel 200.

[0043] Next, the thin film transistor array panel 100 will be
described in detail. A plurality of pairs of gate lines 121 and
122 and a light leakage prevention member 126 are formed
on an insulation substrate 110 made of, for example, trans-
parent glass.

[0044] The pairs of gate lines 121 and 122 extend in the
horizontal direction. A portion of each gate line 121 pro-
trudes upward to form a gate electrode 1245, and portions of
each gate line 122 protrude downward to form gate elec-
trodes 124a and 124c¢. Gate line 121 is connected to a gate
driving circuit (not shown) integrated into the substrate 110,
and one end 129 of gate line 122 has a large width for
connection to other layers or an external device.

[0045] The light leakage prevention member 126 is lon-
gitudinally formed in the vertical direction between two
pairs of gate lines 121 and 122 adjacent to each other, and
two light leakage prevention members 126 are disposed on
both sides of a pixel area of each pixel.

[0046] Gate lines 121 and 122 and the light leakage
prevention member 126 may be formed of, for example, an
aluminum-based metallic material such as aluminum (Al) or
an aluminum alloy, a silver-based metallic material such as
silver (Ag) or a silver alloy, a copper-based metallic material
such as copper (Cu) or a copper alloy, a molybdenum-based
metallic material such as molybdenum (Mo) or a molybde-
num alloy, chromium (Cr), tantalum (Ta), or titanium (T1).
Alternatively, gate lines 121 and 122 and the light leakage
prevention member 126 may include two films having
different physical properties, that is, a lower layer (not
shown) and an upper layer (not shown). The upper layer may
be formed of a metallic material having low resistivity, for
example an aluminum-based metallic material such as alu-
minum (Al) or an aluminum alloy, a silver-based metallic
material such as silver (Ag) or a silver alloy, or a copper-
based metallic material such as copper (Cu) or a copper
alloy, in order to reduce a signal delay or voltage drop in gate
lines 121 and 122 and the light leakage prevention member
126. In contrast, the lower layer may be formed of a material
different from the material forming the upper layer, that is,
a material having a good contact characteristic with, par-
ticularly, ITO (indium tin oxide) and IZO (indium zinc
oxide), such as chromium, molybdenum (Mo), a molybde-
num alloy, tantalum (Ta), or titanium (Ti). Chromium/
aluminum-neodymium (Nd) alloy may be given as a repre-
sentative example of a combination of the lower layer and
the upper layer.

[0047] The side surfaces of gate lines 121 and 122 the light
leakage prevention member 126 are inclined with respect to
the surface of the substrate 110, preferably at an angle of
about 30° to 80°.
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[0048] A gate insulating layer 140 formed of, for example,
silicon nitride (SiN,) is formed on gate lines 121 and 122
and the light leakage prevent member 126.

[0049] A plurality of semiconductor islands 154a, 1545,
and 154¢ formed of hydrogenated amorphous silicon (abbre-
viated as a-Si) or polysilicon, for example, are formed on
gate insulating layer 140. Semiconductors 154a, 1545, and
154¢ are positioned above gate electrodes 124a, 1245, and
124c, respectively, and a connecting part between the two
semiconductors 154a and 1545 covers gate lines 121 and
122. Semiconductor 154¢ extends so as to cover the two gate
lines 121 and 122.

[0050] A plurality of ohmic contact islands 163a, 1635,
165a, and 1656 formed of n+ hydrogenated amorphous
silicon containing silicide or an n-type impurity doped at a
high concentration, for example, are formed on semicon-
ductors 154a, 1545, and 154¢. A pair of ohmic contacts 163a
and 165a and a pair of ohmic contacts 1635 and 1655 are
disposed on semiconductor islands 154a and 1545, respec-
tively. A pair of island-shaped ohmic contacts (not shown)
are formed on semiconductor 154c¢.

[0051] The side surfaces of semiconductors 154a, 1545,
and 154¢ and ohmic contacts 163a, 1635, 1654, and 1656
are also inclined with respect to the surface of the substrate
110, preferably at an angle of about 30° to 80°.

[0052] A plurality of pairs of data lines 171 and 172 and
a plurality of drain electrodes 175a, 175b, and 175¢ are
respectively formed on ohmic contacts 163a, 1635, 165a,
and 1655 and gate insulating layer 140.

[0053] Data lines 171 and 172 extend in the vertical
direction to intersect gate lines 121 and 122 and transmit a
data voltage. An end 179 of each of data lines 171 and 172
has a large width for connection to other layers or an external
device. A plurality of hook-shaped branches extending from
data lines 171 and 172 to drain electrodes 175a, 1755, and
175¢ in the right or left direction form source electrodes
173a, 1735, and 173¢, respectively. Drain electrodes 175a,
175b, and 175¢ each have one end having a linear shape and
the other end having a large width for connection to other
layers. The data line 171 has source electrodes 173a and
173b extending in the right and left directions, and the
source electrodes 173a and 1735 are disposed on semicon-
ductors 154a and 1545, respectively. The data line 172 has
a source electrode 173¢ extending in the right direction, and
the source electrode 173¢ is disposed on semiconductor
154c.

[0054] Gate electrodes 124a, 124b, and 124c, the source
electrodes 173a, 1735, and 173¢, and drain electrodes 1754,
175b, and 175¢ form a thin film transistor (TFT) together
with semiconductor islands 154a, 1545, and 154c¢. Channels
of the thin film transistor are formed in semiconductor
islands 154a, 1545, and 154¢ between the source electrodes
173a, 1735, and 173¢ and drain electrodes 175a, 1755, and
175¢.

[0055] Data lines 171 and 172 and drain electrodes 175a,
175b, and 175¢ may be formed of a refractory metallic
material, such as a molybdenum-based metallic material,
chromium, tantalum, or titanium, or they may have a mul-
tilayered structure of an upper layer having low resistance
and a lower layer having a good contact characteristic.
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[0056] The side surfaces of data lines 171 and 172 and
drain electrodes 175a, 1755, and 175¢ are also inclined at an
angle of about 30° to 80°, similar to gate lines 121 and 122.

[0057] Ohmic contacts 163a, 1635, 165a, and 1655 are
provided only between semiconductor 154a, 1545, and 154¢
arranged below ohmic contacts, and the data line 171 and
drain electrodes 175a, 17556, and 175¢ arranged above ohmic
contacts, and function to reduce contact resistance.

[0058] As described above, semiconductor islands 154a,
1545, and 154c¢ cover boundaries between gate lines 121 and
122 and data lines 171 and 172 or drain electrode 175a,
175b, and 175c¢ to prevent data lines 171 and 172 from being
broken.

[0059] A passivation layer 180 is formed on data lines 171
and 172, drain electrodes 1754, 1755, and 173¢, and exposed
portions of semiconductors 154a, 1545, and 154c¢. Passiva-
tion layer 180 is formed of an organic material having a good
planarizing characteristic and photosensitivity, an insulating
material having a low dielectric constant of smaller than 4.0
such as a-Si:C:O or a-Si:O:F that is formed by plasma
enhanced chemical vapor deposition (PECVD), or an inor-
ganic material such as silicon nitride, for example. Alterna-
tively, passivation layer 180 may be formed in a two-layer
structure of an organic material film and a silicon nitride
film.

[0060] A plurality of contact holes 185a, 1855, 185¢, and
182 are formed in passivation layer 180 so that the ends 179
of data lines 171 and 172 and drain electrodes 175a, 1755,
and 175¢ are exposed, and a plurality of contact holes 181
are also formed in passivation layer 180 to expose an end
129 of gate line 122 and gate insulating layer 140.

[0061] A plurality of pixel electrodes 191a, 1915, and
191¢ formed of ITO or IZO, for example, and a plurality of
contact assistants 81 and 82 are formed on passivation layer
180.

[0062] Pixel electrodes 191a, 1915, and 191c are physi-
cally and electrically connected to drain electrodes 175a,
175b, and 175¢ through the contact holes 185a, 1856, and
185¢ to be supplied with a data voltage from drain electrodes
175a, 175b, and 175¢, respectively. Pixel electrodes 191a,
19154, and 191¢ supplied with the data voltage and common
electrode 270 of display panel 200 supplied with a common
voltage Vcom generate an electric field, which causes liquid
crystal molecules of liquid crystal layer 3 between pixel
electrodes 1914, 1915, and 191¢ and common electrode 270
to be rearranged.

[0063] Pixel electrode 191a, 1915, or 191¢ and common
electrode 270 form liquid crystal capacitor C; ., and liquid
crystal capacitor C; . maintains a voltage applied thereto
after the thin film transistor is turned off. In order to enhance
the voltage maintaining performance, storage capacitor Cqr
is connected in parallel to liquid crystal capacitor Cq.
Storage capacitor Cgr is formed by overlapping pixel elec-
trode 190 and the previous gate line 122 adjacent to pixel
electrode 190.

[0064] Pixel electrodes 191a, 1915, and 191c¢ cover
expanded end portions of drain electrodes 175a, 17554, and
175c¢, respectively, and the light leakage prevention member
126 is arranged so as to overlap the right and left sides of
each of pixel electrodes 191a, 1915, and 191c¢. The light
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leakage prevention member 126 prevents light from leaking
from data lines 171 and 172 due to the voltage of data lines
171 and 172.

[0065] Contact assistants 81 and 82 are connected to the
end 129 of gate line 122 and the ends 179 of data lines 171
and 172 through the contact holes 181 and 182, respectively.
Contact assistants 81 and 82 function to ensure connection
between an external device and the ends 129 and 179 of gate
line 122 and data lines 171 and 172 and to protect the
connected portions. When a gate driver (not shown) for
supplying scanning signals to gate line 122 is integrated into
display panel, the contact assistant 81 can serve as a member
for connecting gate driver to the end 129 of gate line 122.
The contact assistant 81 may be omitted, if necessary.

[0066] According to another exemplary embodiment of
the present invention, pixel electrodes 191a, 1915, and 191¢
are formed of a transparent conductive polymer. In a reflec-
tive liquid crystal display, pixel electrode may be formed of
an opaque reflective metal. In this case, contact assistants 81
and 82 may be formed of a material different from that
forming pixel electrodes 191a, 1915, and 191¢, particularly,
ITO or 1ZO.

[0067] An alignment layer (not shown) is formed on pixel
electrodes 191a, 1915, and 191c¢ to align liquid crystal layer
3.

[0068] In the thin film transistor array panel having the
above-mentioned structure, two data lines 171 and 172 are
formed for every three pixel columns. Therefore, it is
possible to reduce the number of data lines to two thirds of
that in the conventional thin film transistor array panel.
Accordingly, the number of data driving chips for supplying
signals to data lines is also reduced, resulting in lower
manufacturing cost. In contrast, the number of gate lines
doubles, which causes the number of gate driving chips to
double. However, since gate driving chips are inexpensive,
this does not have a significant effect on the manufacturing
cost. Further, since a gate driving circuit for supplying
driving signals to gate lines 121 performs a very simple
function, the gate driving circuit can be integrated into
substrate 110 by using a thin film transistor forming process,
which makes it possible to prevent an increase in the number
of gate driving chips.

[0069] In the thin film transistor array panel having the
above-mentioned structure, when three pixel columns
belonging to one pixel column group are arranged so as to
correspond to red, green, and blue pixel columns, red, green,
and blue pixels have the same shape in the entire display
area. Therefore, it is possible to ensure the uniformity of
display and thus to improve display quality. Next, the
driving of a liquid crystal display having the thin film
transistor array panel applied thereto will be described
below with reference to FIGS. 1 to 3.

[0070] Referring to FIG. 1, gray voltage generator 800
generates two pairs of gray voltages related to the transmit-
tance of the pixels. One of the pairs of gray voltages has a
positive value with respect to common voltage Vcom, and
the other pair of gray voltages has a negative value with
respect to common voltage Vcom.

[0071] Gate driver 400 is connected to gate lines G, ; to
Qn_z of liquid crystal panel assembly 3003 and applies gate
signals, each composed of a combination of a gate-on
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voltage V_ and a gate-off voltage V 4 supplied from the
outside, to gate lines G, ; to G, ,. Gate driver 400 is
composed of a plurality of ICs.

[0072] Data driver 500 is connected to data lines D, , to
D_, of liquid crystal panel assembly 300, selects gray volt-
age generated by gray voltage generator 800, and applies the
selected gray voltage to the pixels as a data signal.

[0073] Each of the gate driving ICs or the data driving ICs
may be mounted on an FPC substrate in the form of a chip,
and the FPC substrate may be mounted on liquid crystal
panel assembly 300. Alternatively, they may be directly
mounted on a glass substrate without using the FPC sub-
strate (chip on glass (COG) mounting method), or circuits
performing the same functions as these ICs may be directly
formed in liquid crystal panel assembly 300 together with
the thin film transistors of the pixels. Signal controller 600
controls gate driver 400 and data driver 500.

[0074] Next, the operation of the liquid crystal display will
be described in detail. Signal controller 600 receives from an
external graphics controller (not shown) input image signals
R, G, and B and input control signals for controlling display
of the input image signals R, G, and B. For example, any of
the following signals may be used as the input control signal:
a vertical synchronization signal Vsync, a horizontal syn-
chronization signal Hsync, a main clock signal MCLK, and
a data enable signal DE. The signal controller 600 processes
the input image signals R, G, and B so as to be suitable for
the operational condition of liquid crystal panel assembly
300 on the basis of the input control signal to generate a gate
control signal CONT1 and a data control signal CONT?2, for
example. Then, the signal controller 600 transmits gate
control signal CONT1 to gate driver 400 and transmits the
data control signal CONT2 and the processed image signal
DAT to data driver 500. The processing of the image signals
R, G, and B includes an operation of rearranging the image
signals R, G, and B according to the arrangement of the
pixels of liquid crystal panel assembly 300.

[0075] Gate control signal CONT1 includes a scanning
start signal STV indicating the start of the output of a gate-on
voltage V_, and at least one clock signal for controlling the
output time of gate-on voltage V_, and an output voltage.

[0076] Data control signal CONT2 includes a horizontal
synchronization start signal STH indicating that the trans-
mission of the image signal DAT starts, a load signal TP for
allowing a data voltage to be applied to data lines D,_, to
D, . an inversion signal RVS for inverting the polarity of
a data voltage with respect to common voltage Vcom
(hereinafter, “the polarity of a data voltage with respect to
common voltage” is simply referred to as “the polarity of a
data voltage™), and a data clock signal HCLK.

[0077] Data driver 500 sequentially receives groups of
image data DAT for a row of pixels in response to the data
control signal CONT2 transmitted from the signal controller
600, selects a gray voltage corresponding to each image data
DAT among gray voltages generated by gray voltage gen-
erator 800, converts the image data DAT into a correspond-
ing data voltage, and applies the data voltage to data lines
D  toD,..

[0078] Gate driver 400 sequentially applies gate-on volt-
age V_, to gate lines G,_, to G,_, on the basis of gate control
signal CONT1 from the signal controller 600 to turn on
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switching elements Q connected to gate lines G, to G, _,.
Then, the data voltage applied to data lines D,_; to D, is
applied to the corresponding pixels through switching ele-
ments Q in the on state.

[0079] The difference between the data voltage applied to
the pixel and common voltage Vcom is a charging voltage
of liquid crystal capacitor C; ., that is, a pixel voltage. The
alignment directions of liquid crystal molecules depend on
the level of the pixel voltage, which causes the polarization
of light passing through liquid crystal layer 3 to vary. The
variation in polarization causes a variation in the transmit-
tance of light by polarizers (not shown) mounted on display
panels 100 and 200.

[0080] In this structure, image data for the first and second
pixel columns of a pixel column group is transmitted
through the first data line D, ,, and image data for the third
pixel column of the pixel column group is transmitted
through the second data line D, _,. The image data trans-
mitted through the first data line D, _, is selected by the
scanning signals transmitted through the first and second
gate lines G,_, and G, _,, and is then supplied to the pixels in
the first column or the second column. The image data
transmitted through the second data line D, , is selected by
the scanning signal transmitted through the second gate line
G,_, and is then supplied to the pixels of the third column.

[0081] The number of gate lines G, , and G, _, is twice that
in the conventional thin film transistor array panel having
the same resolution as the thin film transistor array panel
according to the exemplary embodiment of the present
invention. Therefore, the on time given to each gate line is
shortened in proportion to an increase in the number of gate
lines. As gate-on time becomes shorter, the time required to
charge pixel electrode is reduced. However, when gate-on
time is excessively short, pixel electrode may not reach a
target voltage. In order to solve this problem, overlap driving
may be performed, as shown in FIGS. 7A and 7B.

[0082] FIGS. 7A and 7B are timing charts illustrating
driving voltages of a liquid crystal display according to an
exemplary embodiment of the present invention. In FIG. 7A,
a gate-on voltage is simultaneously applied to the first gate
line G,,_, and the second gate line G, _, to pre-charge the first
and third pixel columns while the second pixel column is
being charged. Even after gate-on voltage applied to the first
gate line G, , is changed to a gate-off voltage, gate-on
voltage is applied to the second gate line G, _, for a prede-
termined period such that the first and third pixel columns
are charged. That is, gate-on voltage is continuously applied
to the second gate line G, _, for gate-on time of the first gate
line G,_, and for a predetermined period after gate-on time.

[0083] In FIG. 7B, gate-on voltage is applied to the first
gate line G, |, and gate-on voltage is also applied to the
second gate line G,_, before gate-on voltage applied to the
first gate line G, ; is changed to a gate-off voltage to
pre-charge the first and third pixel columns while the second
pixel column is being charged. Even after gate-on voltage
applied to the first gate line G, , is changed to gate-off
voltage, gate-on voltage is applied to the second gate line
G, for a predetermined period such that the first and third
pixel columns are charged. That is, gate-on voltage is
continuously applied to the second gate line G,,_, for gate-on
time of the first gate line G,,_, and for a predetermined period
after gate-on time.
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[0084] This overlap driving is useful for two-dot inversion
driving, that is, inversion driving in the order of +, +, —, —,
+, +, —, —. In the two-dot inversion driving, the pre-charging
and the main charging can be performed on the first and third
pixel columns with a voltage having the same polarity.

[0085] Next, a thin film transistor array panel according to
another exemplary embodiment of the present invention will
be described in detail with reference to FIGS. 8 to 14. FIG.
8 is a layout view illustrating the thin film transistor array
panel according to another exemplary embodiment of the
present invention.

[0086] The arrangement of pixels shown in FIG. 8 is
similar to the arrangement of pixels shown in FIG. 4. That
is, a pair of gate lines 121 and 122 are sequentially arranged
below of a row of pixel electrodes 191a, 1915, and 191¢, and
two data lines 171 and 172 are disposed for every three pixel
columns.

[0087] The present exemplary embodiment differs from
the exemplary embodiment shown in FIG. 4 in that the data
line 172 for supplying image signals to the third pixel
column is disposed on the right side of the third pixel
column. The present exemplary embodiment is character-
ized in that a light leakage prevention member 128 on the
left side in a pixel area is connected to gate line 122. The
connection between the light leakage prevention member
128 and gate line 122 makes it possible to increase the
capacitance of a storage capacitor when the previous gate
line is used to form storage capacitor. Therefore, in this
exemplary embodiment, the width of gate line 122 can be
narrowed, as compared with the exemplary embodiment
shown in FIG. 4, which enables an improvement of an
aperture ratio. A semiconductor has substantially the same
plane pattern as data lines 171 and 172 and drain electrodes
175a, 1755, and 175¢, and has exposed portions 154a, 1545,
and 154c¢ between the source electrodes 173a, 1735, and
173¢ and drain electrodes 175a, 1756, and 175¢. A light
blocking member 127 is formed below data lines 171 and
172. The light blocking member 127 prevents a leakage
current due to photo-electrons that are generated when light
emitted from a backlight is incident on semiconductor
formed below data lines 171 and 172.

[0088] Similar to the exemplary embodiment shown in
FIG. 4, the present embodiment shown in FIG. 8 can
decrease the number of data driving chips and thus reduce
manufacturing costs. In addition, according to the present
embodiment, it is possible to form red, green, and blue
pixels in the same structure in the entire display area and
thus to ensure the uniformity of display.

[0089] FIG. 9 is a layout view illustrating the thin film
transistor array panel according to still another exemplary
embodiment of the present invention. The difference
between the thin film transistor array panel shown in FIG. 9
and the thin film transistor array panel shown in FIG. 4 will
be described below.

[0090] A storage electrode line 131 is formed in the same
layer where gate lines 121 and 122 are formed so as to be
separated from gate lines 121 and 122. Storage electrode line
131 has a plurality of storage electrodes 133a protruding
upward and downward.

[0091] Data line 172 for supplying image signals to the
first pixel column, that is, the right pixel column among
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three pixel columns belonging to one pixel column group, is
disposed on the left side of the first pixel column, and the
data line 171 for supplying image signals to the second pixel
column and the third pixel column is disposed between the
second pixel column and the third pixel column. In addition
to data lines 171 and 172, a redundant data line 174 that is
not connected to the thin film transistor is formed between
the first pixel column and the second pixel column. The
redundant data line 174 is connected to the data line 171
outside display area. Drain electrode 175a includes an
expanded portion 177a having a large width, and the
expanded portion 177a is disposed so as to overlap storage
electrode 133a. The expanded portion is provided to
increase the capacitance of storage capacitor.

[0092] A passivation layer (not shown) made of an organic
insulating material is formed with a predetermined thickness
on data lines 171, 172, and 174 and drain electrode 175a.
Pixel electrodes 191a, 1915, and 191c¢ are formed on pas-
sivation layer with a large width so as to overlap data lines
171, 172, and 174 and gate line 122. Passivation layer
formed of the organic insulating material with a large
thickness enables a reduction in coupling between data lines
171, 172, and 174 and pixel electrodes 191a, 1915, and
191c. Therefore, pixel electrodes 191a, 1915, and 191¢ can
be formed so as to partially cover data lines 171, 172, and
174, which makes it possible to ensure a high aperture ratio.

[0093] The redundant data line 174 can prevent the leak-
age of light from a boundary between two adjacent pixel
columns.

[0094] In the third pixel column, since gate line 121
overlaps pixel electrodes in the next row, it is possible to
prevent an increase in parasitic capacitance that causes
flicker due to the overlap between pixel electrodes and gate
lines in the current row.

[0095] FIG. 10 is a layout view illustrating a thin film
transistor array panel according to still another exemplary
embodiment of the present invention.

[0096] As compared with the exemplary embodiment
shown in FIG. 9, the present exemplary embodiment shown
in FIG. 10 is characterized in that common electrode voltage
Vceom is applied to the redundant data line 174. Since two
gate lines 121 and 122 are disposed below pixel electrodes
191a, 1915, and 191c in the next row, it is possible to
prevent an increase in parasitic capacitance that causes
flicker due to the overlap between pixel electrodes 191a,
19154, and 191c¢ and gate lines 121 and 122 in the current
row.

[0097] FIG. 11 is a layout view illustrating a thin film
transistor array panel according to yet another exemplary
embodiment of the present invention.

[0098] As compared with the exemplary embodiment
shown in FIG. 9, the exemplary embodiment shown in FIG.
11 is characterized in that a thin film transistor is formed so
as to be connected to a redundant data line 174, instead of
forming the thin film transistor on the left side of the data
line 171, and the redundant data line 174 is connected to a
pixel electrode 191a disposed on the right side of the
redundant data line 174 through the thin film transistor.
However, since the redundant data line 174 is connected to
the data line 171 outside display area, the present exemplary
embodiment shown in FIG. 11 uses the same driving method
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as the exemplary embodiment shown in FIG. 9. That is,
image signals to be supplied to the first pixel column and the
second pixel column are applied to data lines 171, 172, and
174 at the time when an on signal is supplied to gate line
122, and image signals to be supplied to the third pixel
column are applied to data lines 171 and 174 at the time
when the on signal is supplied to gate line 121. The thin film
transistor array panel according to the exemplary embodi-
ment shown in FIG. 11 may perform the overlap driving
described in FIG. 7A or FIG. 7B.

[0099] FIG. 12 is a layout view of a liquid crystal display
according to still yet another exemplary embodiment of the
present invention, and FIG. 13 is a cross-sectional view
taken along the line XIII-XIII of FIG. 12.

[0100] Liquid crystal display shown in FIGS. 12 and 13 is
an example of a vertical-alignment-type liquid crystal dis-
play in which the major axes of liquid crystal molecules are
aligned vertical to the surfaces of display panels 100 and
200, and dielectric protrusions or cutout portions are used as
alignment control means for controlling the alignment of
liquid crystal molecules when an electric field is applied.

[0101] Referring to FIGS. 12 and 13, a liquid crystal panel
assembly according to the exemplary embodiment of the
present invention includes a thin film transistor array panel
100, a common electrode panel 200, and a liquid crystal
layer 3 interposed between display panels 100 and 200.

[0102] First, the thin film transistor array panel 100 will be
described in detail. A plurality of pairs of gate lines 121 and
122 and a plurality of storage electrode lines 131 are formed
on an insulation substrate 110 formed of, for example,
transparent glass.

[0103] Gate lines 121 and 122 transmit gate signals, and
extend substantially in the horizontal direction. A pair of
gate lines 121 and 122 are formed above and below pixels,
respectively. Each gate line 121 includes a plurality of gate
electrodes 124a and 124¢ protruding downward, and each
gate line 122 includes a plurality of gate electrodes 124¢
protruding upward.

[0104] Storage electrode lines 131 are supplied with a
predetermined voltage, and extend substantially in parallel
to gate lines 121 and 122 so as to be adjacent to each other.
Each storage electrode line 131 includes storage electrodes
1334, 1335, and 133c¢ protruding upward and downward.
The shape and arrangement of storage electrode lines 131
may vary.

[0105] Gate lines 121 and 122 and storage electrode line
131 may be formed of an aluminum-based metallic material
such as aluminum (Al) or an aluminum alloy, a silver-based
metallic material such as silver (Ag) or a silver alloy, a
copper-based metallic material such as copper (Cu) or a
copper alloy, a molybdenum-based metallic material such as
molybdenum (Mo) or a molybdenum alloy, chromium (Cr),
tantalum (Ta), or titanium (Ti). Alternatively, gate lines 121
and 122 and storage electrode line 131 may include a
multilayered structure of two conductive layers (not shown)
having different physical properties. One of the two con-
ductive layers may be formed of a metallic material having
low resistivity, for example an aluminum-based metallic
material, a silver-based metallic material, or a copper-based
metallic material, in order to reduce a signal delay or voltage
drop. In contrast, the other layer may be formed of a
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different material from that forming the one layer, that is, a
material having good chemical, physical, and electrical
contact characteristics with, particularly, ITO (indium tin
oxide) and 1ZO (indium zinc oxide), such as a molybdenum-
based metallic material, chromium, tantalum, or titanium.
For example, a chromium layer and an aluminum (alloy)
layer may be used as the lower layer and upper layer,
respectively, or an aluminum (alloy) layer and molybdenum
(alloy) layer may be used as the lower layer and upper layer,
respectively. However, gate line 121 and 122 and storage
electrode line 131 may be formed of conductors or metallic
materials other than the above-mentioned metallic materials.
The side surfaces of gate lines 121 and 122 storage electrode
line 131 are inclined with respect to the surface of the
substrate 110, preferably at an angle of about 30° to 80°.

[0106] A gate insulating layer 140 formed of, for example,
silicon nitride (SiNx) or silicon oxide (SiOx) is formed on
gate lines 121 and 122 and storage electrode line 131.

[0107] A plurality of semiconductor stripes 151 formed of,
for example, hydrogenated amorphous silicon (amorphous
silicon is abbreviated to a-Si) or polysilicon are formed on
gate insulating layer 140. Semiconductor stripes 151 include
protruding portions 154a, 1545, and 154¢ respectively posi-
tioned above gate electrodes 124a, 1245, and 124c.

[0108] A plurality of ohmic contact stripes 161 and an
ohmic contact island 165 are formed above each semicon-
ductor stripe 151. Ohmic contact stripe 161 has a protruding
portion 163 opposite ohmic contact island 165 above the
protruding portions 154a, 1545, or 154¢ of semiconductor
stripe 151. Ohmic contact stripe 161 may be formed of, for
example, a material such as n+ hydrogenated amorphous
silicon heavily doped with an n-type impurity, or silicide.

[0109] The side surfaces of each semiconductor stripe 151
and ohmic contacts 161 and 165 are inclined with respect to
the surface of the substrate 110 at an angle of about 30° to
80°.

[0110] A data conductor including a plurality of data lines
171, 172, 174, 171', 172", and 174' and a plurality of drain
electrodes 175a, 175b, and 175c¢ is formed on ohmic con-
tacts 161 and 165 and gate insulating layer 140.

[0111] Data lines 171, 172, 174, 171', 172!, and 174'
transmit data signals, and extend substantially in the vertical
direction so as to intersect gate lines 121 and 122 and storage
electrode line 131. Data lines 171, 172, and 174 include
source electrodes 173a, 1735, and 173¢ that extend toward
gate electrodes 124a, 1245, and 124c¢ and have U shapes
with opened portions facing the right side, respectively. Data
lines 171 and 174 are connected to each other by a connect-
ing portion 171a, and data lines 171' and 174' are connected
to each other by a connecting portion 171a'. The ends of the
connecting portions 171a and 171a' are expanded.

[0112] Drain electrodes 175a, 175b, and 175¢ are sepa-
rated from data lines 171, 172, 174, 171', 172', and 174' so
as to be respectively opposite the source electrode 173a,
173b, and 173¢ with gate electrodes 124a, 1245, and 124¢
as the centers. The two drain electrodes 1754 and 175¢
respectively extend from the source electrodes 173a and
173¢ surrounding the two drain electrodes 175a and 175¢
toward gate line 121 and are bent in the downward direction
at an angle of 90°. Drain electrode 1756 extends from the
source electrode 1734 surrounding drain electrode 1756
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toward gate line 121 and is bent in the upward direction at
an angle of 90°. Drain electrodes 175a, 1756, and 175¢ have
expanded portions 177a, 1775, and 177¢ at positions over-
lapping storage electrodes 133a, 1335, and 133c, respec-
tively. The expanded portions 1774, 1776, and 177¢ function
to increase the capacitance of storage capacitors. Driving
signal lead lines 178 and 178' are formed on gate insulating
layer 140 outside display area.

[0113] Assuming that one pixel column group is com-
posed of three pixel columns, lead portions of data lines 171,
172, and 174 for driving odd-numbered pixel column groups
have different arrangement structures from those of data
lines 171', 172', and 174' for driving even-numbered pixel
column groups. That is, the data line 172 is formed in a
straight line at a position departing from a space between the
lead line 178 and the connecting portion 171a. However, the
data line 172' is bent twice at a right angle so as to pass
between the lead line 178' and the connecting portion 171a".

[0114] The reason why data lines 171, 172,174,171', 172,
and 174" are formed in different arrangement structures in
the odd-numbered pixel column groups and the even-num-
bered pixel column groups is to perform uniform dot inver-
sion driving when the data driving chip is used to drive
liquid crystal display according to the exemplary embodi-
ment of the present invention.

[0115] Datalines 171,172,174, 171', 172", and 174', drain
electrodes 175a, 1755, and 175c¢, and the driving signal lead
lines 178 and 178" have substantially the same plane pattern
as that of ohmic contacts 161 and 165, and also have
substantially the same plane pattern as semiconductor 151,
except between the source electrodes 173a, 1735, and 173¢
and drain electrodes 175a, 175b, and 175c¢.

[0116] A gate electrode 124a, 124b, or 124c, a source
electrode 173a, 1735, or 173¢, and a drain electrode 175a,
175b, or 175¢ form a thin film transistor (TFT) together with
a semiconductor 154a, 1545, or 154c. The channel of the
thin film transistor is formed in semiconductor 154a, 1545,
or 154¢ between the source electrode 173a, 1735, or 173¢
and drain electrode 175a, 1755, or 175c¢.

[0117] Data conductors 171, 172, 174, 171", 172", 174',
175a, 1755, and 175¢ may be formed of a refractory metallic
material, such as molybdenum, chromium, tantalum, tita-
nium, or an alloy thereof, or they may have a multilayered
structure of a refractory metal layer (not shown) and a
conductive layer (not shown) having low resistance.
Examples of the multilayered structure include a two-layer
structure of a chromium or molybdenum (alloy) layer serv-
ing as a lower layer, and an aluminum (alloy) layer serving
as an upper layer, and a three-layer structure of a molybde-
num (alloy) layer serving as a lower layer, an aluminum
(alloy) layer serving as an intermediate layer, and a molyb-
denum (alloy) layer serving as an upper layer. However, the
data conductors 171, 175a, 1756 may be formed of various
conductors or metallic materials other than the above-
mentioned metallic materials.

[0118] The side surfaces of the data conductors 171, 172,
174, 171', 172", 174', 175a, 175b, and 175¢ are preferably
inclined with respect to the surface of the substrate 110 at an
angle of 30° to 80°.

[0119] Ohmic contacts 161 and 165 are provided only
between semiconductors 151, 154a, 1545, and 154¢ and the
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data conductors 171, 172, 174, 171', 172, 174', 175a, 1755,
and 175¢ to reduce contact resistance therebetween. Semi-
conductors 151, 154a, 1545, and 154¢ are exposed between
the source electrodes 173a, 173b, and 173¢ and drain
electrodes 175a, 175b, and 175c¢, respectively, and also have
exposed portions not covered with the data conductors 171,
172, 174, 171', 172', 174", 175a, 1755, and 175c¢.

[0120] A passivation layer 180 is formed on data conduc-
tors 171, 172, 174, 171', 172', 174, 175a, 175b, and 175¢
and the exposed portions of semiconductors 154a, 1545, and
154c. Passivation layer 180 has a small dielectric constant,
and is formed of an organic insulator having a large thick-
ness. In this way, even when pixel electrodes 191a, 1915,
and 191c¢ overlap data lines 171, 172, and 174, respectively,
distances between pixel electrodes 191a, 1915, and 191¢ and
data lines 171, 172, and 174 increase, and the dielectric
constant of the dielectric material decreases, which results in
small capacitance. The organic insulator preferably has a
dielectric constant smaller than 4.0, and it may have pho-
tosensitivity. Passivation layer 180 may be formed of a
non-organic insulator. In addition, passivation layer 180 may
have a dual-layer structure of a lower inorganic layer and an
upper organic layer to improve insulating characteristics of
the organic layer and to prevent the exposed semiconductors
154a, 154b, and 154¢ from being damaged.

[0121] A plurality of contact holes 181 for exposing the
data line connecting potions 171a and 1714, a plurality of
contact holes 185 for exposing the expanded portions 1774,
1776, and 177¢ of drain electrodes 175a, 1755, and 175c¢,
and a plurality of contact holes 182 for exposing the ends of
the lead portions 178 and 178' are formed in passivation
layer 180. A plurality of contact holes (not shown) for
exposing the ends of gate lines 121 are formed in passivation
layer 180 and gate insulating layer 140.

[0122] A plurality of pixel electrodes 191a, 1915, and
191c¢ and a plurality of connecting members 84 and 86 are
formed on passivation layer 180. Pixel electrodes and the
connecting members may be formed of a transparent con-
ductive material such as ITO or IZO, or a reflective metallic
material such as aluminum, silver, chromium, or an alloy
thereof.

[0123] Pixel electrodes 191a, 1915, and 191c¢ each include
two parallelogram-shaped electrode pieces inclined in dif-
ferent directions. Oblique sides of the two electrode pieces
intersect each other to form a pair of curved edges.

[0124] Pixel electrodes 191a, 1915, and 191c¢ are con-
nected to drain electrodes 175a, 175b, and 175¢ through the
contact holes 185, respectively.

[0125] A pixel electrode 191a, 1915, or 191¢, a common
electrode 270 of the upper panel 200, and a liquid crystal
layer 3 interposed therebetween form a liquid crystal capaci-
tor C;. Liquid crystal capacitor C; holds the applied
voltage after the thin film transistor is turned off.

[0126] Pixel electrodes 191a, 1915, and 191c¢ and drain
electrodes 175a, 175b, and 175¢ connected to pixel elec-
trodes 191a, 1915, and 191c overlap storage electrodes
133a, 1335, and 133, respectively, to form storage capaci-
tors Cq. Storage capacitors Cgr improve the voltage hold-
ing performance of liquid crystal capacitor C; .

[0127] A connecting member 84 comes into contact with
the connecting portion 171a and the lead line 178 through
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the contact holes 181 and 182 to connect the connecting
portion 171a and the lead line 178. A connecting member 86
comes into contact with the connecting portion 171a' and the
lead line 178' through the contact holes 181 and 182 and
connects the connecting portion 171a"' and the lead line 178'
across the data line 172'. The connecting portion 171a and
the lead line 178 of the odd-numbered pixel column group
can be directly connected to each other. However, the
connecting portion 171a and the lead line 178 of the
odd-numbered pixel column group are connected to each
other through the connecting member 84 in order to match-
ing a wiring load with the even-numbered pixel column
group.

[0128] Next, the upper panel 200 will be described. A light
blocking member 220 is formed on an insulation substrate
210 formed of transparent glass or plastic, for example. The
light blocking member 220 may includes curved portions
(not shown) corresponding to the curved edges of pixel
electrodes 191a, 1915, and 191¢ and quadrangle portions
(not shown) corresponding to the thin film transistors. The
light blocking member 220 prevents light from leaking
among pixel electrodes 191a, 1915, and 191c¢ and defines
opening regions opposite to pixel electrodes 191a, 1915, and
191c.

[0129] A plurality of color filters 230 are formed on the
substrate 210 and the light blocking member 220. The color
filters 230 are provided in a region surrounded by the light
blocking member 220, and may extend along columns of
pixel electrodes 191a, 1915, and 191c. Each of the color
filters 230 can display one of the three primary colors of red,
green, and blue.

[0130] Common electrode 270 is formed on the color
filters 230 and the light blocking member 220. Common
electrode 270 is formed of a transparent conductive material,
such as ITO or IZO.

[0131] Protrusions 271a, 271b, and 271c¢ are formed on
common electrode 270. The protrusions 271a, 2715, and
271¢ may be formed of an organic material or an inorganic
material. The number of protrusions 271a, 2715, and 271¢
depends on design factors. The light blocking member 220
overlaps the protrusions 271a, 2715, and 271¢, which makes
it possible to prevent light from leaking from the protrusions
271a, 2715, and 271c¢. Each of the protrusions 271a, 2715,
and 271c is arranged at a position dividing pixel electrode
191a, 1914, or 191¢ into two parts in the horizontal direction
in a plan view, and includes a curved portion overlapping the
upper and lower sides of pixel electrode 191a, 1915, or 191¢
in a plan view and a central portion laterally extending at the
center in the vertical direction.

[0132] Alignment layers (not shown) are formed on the
inner surfaces of display panels 100 and 200, respectively.
The alignment layers 11 and 21 may be vertical alignment
layers.

[0133] Polarizers (12, 22) are provided on the outer sur-
faces of display panels 100 and 200. The polarizing axes of
the two polarizers are orthogonal to each other. It is pref-
erable that the polarizing axes be inclined at an angle of
about 45° with respect to the curved sides of pixel electrodes
1914, 1915, and 191c¢. In a reflective liquid crystal display,
one of the two polarizers may be omitted.
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[0134] Liquid crystal display may include a backlight unit
(not shown) for supplying light to the polarizers 12 and 22,
the retardation layers, display panels 100 and 200, and liquid
crystal layer 3.

[0135] Liquid crystal layer 3 has negative dielectric
anisotropy. When no electric field is applied, liquid crystal
molecules of liquid crystal layer 3 are aligned such that the
major axes thereof are vertical with respect to the surfaces
of the two display panels.

[0136] The protrusions 271a, 271b, and 271c may be
replaced with cutout portions (not shown) formed in com-
mon electrode 270 or depressed portions (not shown). The
protrusions 271a, 2715, and 271¢ may be disposed below
field generating electrodes 191 and 270. The protrusions
271a, 271b, and 271c¢ change an electric field generated
between common electrode 270 and pixel electrodes 191a,
1915, and 191c to control the alignment of liquid crystal.

[0137] In the thin film transistor array panel having the
above-mentioned structure, since the two data lines 171 and
174 are connected to each other, the number of data driving
chips for supplying signals to data lines is smaller than that
in the conventional thin film transistor array panel, which
makes it possible to reduce manufacturing costs. In contrast,
the number of gate lines doubles, which causes the number
of gate driving chips to double. However, since gate driving
chips are inexpensive, it does not have a significant effect on
the manufacturing costs. Further, since a gate driving circuit
for supplying driving signals to gate lines 121 performs a
very simple function, gate driving circuit can be integrated
into the substrate 110 by using a thin film transistor forming
process, which makes it possible to prevent an increase in
the number of gate driving chips.

[0138] In the thin film transistor array panel having the
above-mentioned structure, when three pixel columns
belonging to one pixel column group are arranged so as to
correspond to red, green, and blue pixel columns, the red,
green, and blue pixels have the same shape in the entire
display area. Therefore, it is possible to ensure the unifor-
mity of display and thus to improve display quality.

[0139] FIG. 14 is a layout view illustrating a liquid crystal
display according to still another exemplary embodiment of
the present invention. As compared with the exemplary
embodiment shown in FIG. 13, the exemplary embodiment
shown in FIG. 14 is characterized in that data lines 172 and
172" do not intersect pairs of data lines 171, 174, 171", and
174, regardless of odd-numbered pixel array groups and
even-numbered pixel array groups.

[0140] When liquid crystal display having the above-
mentioned structure is driven by a data driving chip for
two-dot inversion driving, three-dot inversion driving is
performed, as shown in FIG. 3.

[0141] FIG. 151is a layout view illustrating a liquid crystal
display according to still another embodiment of the present
invention. The layer structure of liquid crystal display
according to the exemplary embodiment shown in FIG. 15
is substantially similar to those of liquid crystal displays
according to the exemplary embodiments shown in FIGS. 12
and 13, and thus a full description thereof will be omitted.
Therefore, only the arrangement structure of the layers of
liquid crystal display will be described below.
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[0142] A plurality of pairs of gate lines 121 and 122 extend
in the horizontal direction. A plurality of groups of storage
electrode lines 131a, 1315, and 131c¢ are formed in parallel
to gate lines 121 and 122. Gate line 121 has a plurality of
gate electrodes 124a and 1245, and gate line 122 has a
plurality of gate electrodes 124¢. Storage electrode lines
131a, 1315, and 131c¢ have storage electrodes 133a, 1335,
and 133¢, respectively.

[0143] A plurality of data lines 171, 172, and 174 intersect
gate lines 121 and 122 and storage electrode lines 131a,
13154, and 131c¢ so as to not be electrically connected thereto.
The data line 171 has a plurality of pairs of source electrodes
173bd and 173bu, the data line 172 has a plurality of pairs
of source electrodes 173cd and 173cu, and the data line 174
has a plurality of pairs of source electrodes 173ad and
173au. The two data lines 171 and 174 are connected to each
other outside display area.

[0144] A plurality of pairs of drain electrodes 175ad and
175au are opposite to each other on the source electrodes
173ad and 173au and gate electrode 124a. Drain electrodes
175ad and 175au extend in the downward and upward
directions, respectively, and have expanded portions 177ad
and 177au overlapping storage electrodes 133a and 133c¢ at
the ends thereof, respectively. A plurality of pairs of drain
electrodes 175bd and 175bu are opposite to each other on the
source electrodes 173bd and 173bu and gate electrode 1245.
Drain electrodes 175bd and 175bu extend in the upward and
downward directions, respectively, and have expanded por-
tions 177bd and 177bu overlapping storage electrodes 1335
and 133c¢ at the ends thereof, respectively. A plurality of
pairs of drain electrodes 175¢d and 175cu are opposite to
each other on the source electrodes 173cd and 173cu and
gate electrode 124c¢. Drain electrodes 175¢d and 175cu
extend in the downward and upward directions, respectively,
and have expanded portions 177bd and 177bu overlapping
storage electrodes 1335 and 133¢ at the ends thereof, respec-
tively.

[0145] The structure of contact assistants (not shown) and
semiconductor (not shown) forming the thin film transistor
is the same as those in the above-mentioned exemplary
embodiments, and thus a description thereof will be omitted.

[0146] A plurality of pairs of sub-pixel electrodes 191cu
and 191c¢d are formed in the first pixel column of three pixel
columns belonging to one pixel column group. A plurality of
pairs of sub-pixel electrodes 191au and 191ad are formed in
the second pixel column. A plurality of pairs of sub-pixel
electrodes 1915u and 191564 are formed in the third pixel
column.

[0147] The sub-pixel electrodes 191au, 191ad, 191bu,
191bd, 191cu, and 191cd each include two parallelogram-
shaped electrode pieces inclined in different directions.
Oblique sides of the two electrode pieces intersect each
other to form a pair of curved edges. The sub-pixel elec-
trodes 191au and 191ad, 191bu and 1915bd, or 191cu and
191c¢d have inversion symmetry with respect to gate line
121.

[0148] The sub-pixel electrodes 191au and 191ad are
connected to expanded portions 177au and 177ad of drain
electrode through contact holes 185au and 185ad, respec-
tively. The sub-pixel electrodes 191bu and 19154 are con-
nected to expanded portions 177bu and 177bd of drain
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electrode through contact holes 185bu and 185bd, respec-
tively. The sub-pixel electrodes 191cu and 191c¢d are con-
nected to expanded portions 177cu and 177c¢d of drain
electrode through contact holes 185cu and 185c¢d, respec-
tively.

[0149] Protrusions 271au, 271ad, 271bu, 271bd, 271cu,
and 271cd of the upper panel are arranged at positions
dividing each of the sub-pixel electrodes 191au, 191ad,
191bu, 191bd, 191cu, and 191c¢d in the horizontal direction.
Each of the protrusions includes a curved portion overlap-
ping the upper and lower sides of a sub-pixel electrode
191au, 191ad, 191bu, 191bd, 191 cu, or 191¢d in a plan view
and a central portion laterally extending at the center in the
vertical direction.

[0150] In liquid crystal display, when a voltage is applied
to gate line 121, image signal voltages are charged to the
sub-pixel electrodes 191cu, 191c¢d, 191au, and 191ad in the
first pixel column and the second pixel column. Then, when
an off-voltage is applied to gate line 121 and an on-voltage
is applied to gate line 122, image signal voltages are charged
to the sub-pixel electrodes 191bu and 19154 in the third
pixel column. Each pair of sub-pixel electrodes 191aux and
191ad, 191bu and 1915d, and 191cu and 191cd forms one
pixel electrode. Therefore, in order to charge one pixel row
with an image signal voltage, gate-on voltage must be
applied to a pair of gate lines 121 and 122.

[0151] While the image signal voltage is being charged to
all the sub-pixel electrodes 191au, 191ad, 191bu, 191bd,
191cu, and 191c¢d in one pixel row, all of storage electrode
lines 131a, 1315, and 131c¢ are kept in a floating state.
Subsequently, when gate-on voltage is applied to the next
gate line 121 in order to charge the sub-pixel electrodes
191au, 191ad, 191bu, 191bd, 191cu, and 191c¢d in the next
pixel row with the image signal voltage, a predetermined
voltage is applied to storage electrode lines 131a, 1315, and
131c in the previous pixel row that are in the floating state.
In this case, the same voltage is applied to the two storage
electrode lines 131a and 1315, but a different voltage is
applied to storage electrode line 131¢. Different voltages
may be applied to storage electrode lines 131a and 1315, if
necessary.

[0152] When voltages are applied to storage electrode
lines 131a, 1315, and 131c¢ in the floating state, the voltages
of pixel electrodes 191au, 191ad, 191bu, 191bd, 191cu, and
191cd that are in the floating state vary. At that time,
different voltages are applied to storage electrode lines 131a
and 1315 and storage electrode line 131¢, which causes the
voltage of the upper sub-pixel electrodes 191au, 191bu, and
191cu to differ from the voltage of the lower sub-pixel
electrodes 191ad, 191bd, and 191cd. Then, two regions
having different voltages are formed in one pixel, which
results in a reduction in the distortion of a gamma curve in
the side surface.

[0153] In the thin film transistor array panel having the
above-mentioned structure, since the two data lines 171 and
174 are connected to each other, the number of data driving
chips for supplying signals to data lines is smaller than that
in the conventional thin film transistor array panel, which
makes it possible to reduce manufacturing costs. In contrast,
the number of gate lines doubles, which causes the number
of gate driving chips to double. However, since gate driving
chip is inexpensive, it does not have a significant effect on
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the manufacturing costs. Further, since a gate driving circuit
for supplying driving signals to gate lines 121 performs a
very simple function, gate driving circuit can be integrated
into the substrate 110 by using a thin film transistor forming
process, which makes it possible to prevent an increase in
the number of gate driving chips.

[0154] In the thin film transistor array panel having the
above-mentioned structure, when three pixel columns
belonging to one pixel column group are arranged so as to
correspond to red, green, and blue pixel columns, red, green,
and blue pixels have the same shape in the entire display
area. Therefore, it is possible to ensure the uniformity of
display and thus to improve display quality.

[0155] According to the exemplary embodiments of the
present invention, it is possible to decrease the number of
data driving chips for supplying signals to data lines, as
compared with the conventional thin film transistor array
panel, and thus to reduce manufacturing costs. In the thin
film transistor array panel having the above-mentioned
structure, when three pixel columns belonging to one pixel
column group are arranged so as to correspond to red, green,
and blue pixel columns, red, green, and blue pixels have the
same shape in the entire display area. Therefore, it is
possible to ensure the uniformity of display and thus to
improve display quality.

[0156] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that various
modifications and equivalent arrangements will be apparent
to those skilled in the art and may be made without,
however, departing from the spirit and scope of the inven-
tion.

What is claimed is:
1. A thin film transistor array panel comprising:

a plurality of pixels including pixel electrodes arranged in
a matrix of rows and columns having switching ele-
ments connected to the pixel electrodes;

first and second gate lines extending in a row direction
connected to the switching elements; and

first and second data lines extending in a column direction
for serving three pixel columns of the matrix, the
switching elements connecting pixel electrodes in the
first and second pixel columns to the first data line and
connecting pixel electrodes in the third pixel column to
the second data line.

2. The thin film transistor array panel of claim 1, wherein
the pixel electrodes in the first and third pixel columns are
connected to the first gate line through respective ones of the
switching elements, and the pixel electrodes in the second
pixel column are connected to the second gate line through
other respective ones of the switching elements.

3. The thin film transistor array panel of claim 2, further
comprising

a gate driving circuit that supplies a gate-on voltage or a
gate-off voltage to the first and second gate lines, the
gate-on voltage being applied to the first gate line for a
predetermined time while a gate-on voltage is applied
to the second gate line.

4. The thin film transistor array panel of claim 3, further

comprising a data driving circuit that supplies image signals
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to the first and second data lines, wherein the data driving
circuit supplies two-dot inversion driving signals.

5. The thin film transistor array panel of claim 1, further
comprising redundant data lines corresponding to the first to
third pixel columns.

6. The thin film transistor array panel of claim 5, wherein
the redundant data lines are connected to the first data lines.

7. The thin film transistor array panel of claim 5, wherein
a predetermined voltage is applied to the redundant data
lines.

8. A thin film transistor array panel comprising:

a plurality of pixels including pixel electrodes arranged in
a matrix and switching elements connected to the pixel
electrodes;

first and second gate lines connected to the switching
elements serving a row of pixel electrodes,

first to third data lines connected to the switching ele-
ments corresponding to three pixel columns, pixel
electrodes in the first pixel column being connected to
the first data line through certain of the switching
elements, pixel electrodes in the second pixel columns
being connected to the second data line through others
of the switching elements, pixel electrodes in the third
pixel column being connected to the third data line
through still others of the switching elements, the first
and second data lines being electrically connected to
each other.

9. The thin film transistor array panel of claim 8,

wherein the pixel electrodes in the first and third pixel
columns are connected to the first gate line through
certain of the switching elements, and

the pixel electrodes in the second pixel columns are
connected to the second gate line through others of
switching elements.
10. The thin film transistor array panel of claim 9, further
comprising

a gate driving circuit that supplies a gate-on voltage or a
gate-off voltage to the first and second gate lines,

wherein, while applying the gate-on voltage to the first
gate line, the gate driving circuit applies the gate-on
voltage to the second gate line.
11. The thin film transistor array panel of claim 10, further
comprising

a data driving circuit that supplies image signals to the
first and second data lines,

wherein the data driving circuit supplies two-dot inver-
sion driving signals.
12. The thin film transistor array panel of claim 8, further
comprising:
connecting portions, each of which connects the first data
line to the second data line;

lead portions that connect the first and second data lines
to the data driving circuit; and

connecting members that connect the lead portions to the
connecting portions,

wherein at least a part of the third data line passes between
the lead portion and the connecting portion to be
connected to the data driving circuit.
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13. The thin film transistor array panel of claim 8,

wherein, when one pixel column group is composed of the
first to third pixel columns that are sequentially
arranged, the third data line of an even-numbered pixel
column group passes between the lead portion and the
connecting portion to be connected to the data driving
circuit, and

the third data line of an odd-numbered pixel column
group does not pass between the lead portion and the
connecting portion.

14. The thin film transistor array panel of claim 8,

wherein each of the pixel electrodes includes two paral-
lelogram-shaped electrode pieces inclined in different
directions, and

oblique sides of the two electrode pieces intersect each
other to form a pair of curved edges.
15. A thin film transistor array panel comprising:

a plurality of pairs of sub-pixel electrodes that are
arranged in a matrix, a pair of sub-pixels serving as one
pixel electrode;

a plurality of switching elements that are connected to the
sub-pixel electrodes;

first and second gate lines that are connected to the
switching elements, extend in a row direction, and
correspond to one row of pixel electrodes;

first and the second storage electrode lines corresponding
to one row of pixel electrodes; and

first to third data lines that are connected to the switching
elements, extend in a column direction, and correspond
to three pixel columns,

wherein, when the three pixel columns are referred to as
first to third pixel columns, the sub-pixel electrodes in
the first pixel column are connected to the first data line
through certain of the switching elements,

the sub-pixel electrodes in the second pixel columns are
connected to the second data line through others of the
switching elements,

the sub-pixel electrodes in the third pixel column are
connected to the third data line through still others of
the switching elements, and

the first and second data lines are electrically connected to
each other.
16. The thin film transistor array panel of claim 15,

wherein the sub-pixel electrodes in the first and third pixel
columns are connected to the first gate line through
certain of the switching elements, and

the sub-pixel electrodes in the second pixel columns are
connected to the second gate line through others of the
switching elements.

17. The thin film transistor array panel of claim 16,

wherein, when the pair of sub-pixel electrodes serving as
one pixel electrode are referred to as first and second
sub-pixel electrodes, the first sub-pixel electrode over-
laps the first storage electrode line, and the second
sub-pixel electrode overlaps the second storage elec-
trode line.



US 2007/0085797 Al
13

18. The thin film transistor array panel of claim 17, further
comprising third storage electrode lines that overlap the
second sub-pixel electrodes.

19. The thin film transistor array panel of claim 19,

wherein different voltages are applied to the first storage
electrode line and the second storage electrode line, and

the same voltage is applied to the second storage electrode
line and the third storage electrode line.
20. The thin film transistor array panel of claim 20,
wherein each of the switching elements includes:

a gate electrode that is connected to the first gate line or
the second gate line;

a source electrode that is connected to any one of the first
to third data lines; and
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a drain electrode that is opposite to the source electrode
above the gate electrode and has an expanded portion,

wherein the expanded portions of the drain electrodes in
the first and third pixel columns overlap the first storage
electrode lines, and

the expanded portions of the drain electrodes in the
second pixel column overlap the second storage elec-
trode lines.

21. The thin film transistor array panel of claim 15,

wherein each of the sub-pixel electrodes includes two
parallelogram-shaped electrode pieces inclined in dif-
ferent directions, and

oblique sides of the two electrode pieces intersect each
other to form a pair of curved edges.

* * * Ed *
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