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FIG. 4
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. P2007-080354 filed on Aug. 9, 2007, and
Korean Patent Application No. P2007-080355 filed on Aug.
9,2007, which are hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a liquid crystal display
device with uniform common voltage distribution within a
display panel to provide enhanced display quality.

[0004] 2. Discussion of the Related Art

[0005] As asociety of information technology grows, there
is a demand for development of image display devices
capable of solving drawbacks of conventional cathode ray
tubes (CRTs), such as weight and volume thereof. Accord-
ingly, a variety of flat panel display devices, including liquid
crystal display (LCD) devices, organic light emitting diodes
(OLEDs), plasma display panel (PDP) devices, surface-con-
duction electron-emitter display (SED) devices, and the like,
have attracted considerable attention. Of the above-men-
tioned display devices, the most representative flat panel dis-
play device is the LCD device, which has been widely used as
alarge-scale TV screen to a small display screen of a mobile
phone.

[0006] LCD devices are configured with a liquid crystal
material, exhibiting dielectric anisotropy and refractive index
anisotropy, arranged between two electrodes. Transmission
of light is adjusted by controlling the strength of an electric
field generated between the two electrodes to generate a
desired display image. LCD devices are not self-illuminating
type display devices (i.e., displays capable of emitting light
by itself) but a light-receiving type display device designed to
realize an image upon receiving light from a light source
situated therein.

[0007] Generally, the LCD device receives white light from
a light source situated therein and generates color images
using color filters, such as red, green, and blue colors. In the
above-described configuration of the L.CD device, the two
electrodes that drive liquid crystals in the liquid crystal mate-
rial generally include a pixel electrode and a common elec-
trode. These electrodes are connected to a thin film transistor
with the pixel electrode receiving a voltage corresponding to
an image signal and the common electrode receiving a com-
mon voltage. The liquid crystals are driven by an electric field
generated between the two electrodes. However, the above-
described conventional LCD device has the following prob-
lems.

[0008] A common line, which serves to supply a common
voltage to a panel of the LCD device, is horizontally formed
with only one or two input terminals to apply the common
voltage to the common line. Therefore, achieving uniform
distribution of the common voltage in a large-scale display
panel becomes difficult due to resistance in the common line,
for exaniple. This deteriorates image quality, such as causing
after-images, and the like. In particular, in the case of display
panels used in televisions, the common lines have longer
horizontal lengths than vertical lengths. Therefore, these pan-
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els suffer from an increased resistance in the common lines.
Accordingly, there is a high likelihood of wire breakage and
crosstalk.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to
liquid crystal display device that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0010] An object of the present invention is to provide a
liquid crystal display device having uniform common voltage
distribution within a liquid crystal display panel.

[0011] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a liquid crystal display device
includes a display panel including a display area and a non-
display area surrounding the display area, a plurality of gate
lines and data lines arranged on the display area to intersect
each other, so as to define a plurality of pixel regions, a
plurality of thin-film transistors formed at respective intersec-
tions of the gate lines and the data lines, a plurality of pixel
electrodes formed on the respective pixel regions and con-
nected to the thin film transistors, and at least one first com-
mon line provided between the data lines and arranged par-
allel to the data lines.

[0013] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0015] FIG. 1isaplan view illustrating an exemplary liquid
crystal display device according to a first embodiment of the
present invention;

[0016] FIG. 2 is a plan view illustrating an exemplary data
driver IC in accordance with the present invention;

[0017] FIG. 3 is a plan view illustrating an exemplary in-
plane switching mode liquid crystal display device according
to the first embodiment of the present invention;

[0018] FIG. 4isaplan view illustrating an exemplary liquid
crystal display device according to a second embodiment of
the present invention;

[0019] FIG. 5isaplan view illustrating an exemplary liquid
crystal display device according to a third embodiment of the
present invention;

[0020] FIG. 6 is a sectional view of the liquid crystal dis-
play device according to the third embodiment of the present
invention illustrating an exemplary region where a data line
and a vertical common line connecting pattern overlap each
other;
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[0021] FIG. 7 is a plan view of the liquid crystal display
device according to the third embodiment of the present
invention illustrating exemplary line widths of overlapped
portions of a data line and a vertical common line connecting
pattern;

[0022] FIG. 8isaplanview illustrating an exemplary liquid
crystal display device according to a fourth embodiment of
the present invention;

[0023] FIG.9 is an enlarged plan view of the liquid crystal
display device according to the fourth embodiment of the
present invention;

[0024] FIG. 10 is a plan view illustrating an exemplary
liquid crystal display device according to a fifth embodiment
of the present invention;

[0025] FIG. 11 is a plan view illustrating an exemplary
liquid crystal display device according to a sixth embodiment
of the present invention;

[0026] FIG.12is aplanview illustrating an exemplary dual
layer configuration of a third common line connecting pattern
in the liquid crystal display devices according to the fifth and
sixth embodiments of the present invention;

[0027] FIG. 13 is a plan view illustrating an exemplary
liquid crystal display device according to a seventh embodi-
ment of the present invention;

[0028] FIG. 14 is a plan view illustrating an exemplary
liquid crystal display device according to an eighth embodi-
ment of the present invention;

[0029] FIG. 15 is a plan view illustrating an exemplary
liquid crystal display device according to a ninth embodiment
of the present invention;

[0030] FIG. 16 is a plan view illustrating an exemplary
liquid crystal display device according to a tenth embodiment
of the present invention;

[0031] FIG. 17 is a plan view illustrating an exemplary
liquid crystal display device according to an eleventh
embodiment of the present invention;

[0032] FIG. 18 is a plan view illustrating an exemplary
liquid crystal display device according to a twelfth embodi-
ment of the present invention;

[0033] FIG. 19 is a plan view illustrating an exemplary
liquid crystal display device according to a thirteenth embodi-
ment of the present invention;

[0034] FIG. 20A is a view illustrating common voltage
distribution within a display panel of a prior art liquid crystal
display device; and

[0035] FIG. 20B is a view illustrating common voltage
distribution within a display panel of the liquid crystal display
device according to the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

First Embodiment

[0037] FIG.1isaplanview illustrating an exemplary liquid
crystal display device according to a first embodiment of the
present invention. FIG. 2 is a plan view illustrating an exem-
plary data driver integrated circuit (IC). FIG. 3 is a plan view
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illustrating an in-plane switching (IPS) mode liquid crystal
display device according to the first embodiment of the
present invention.

[0038] The liquid crystal display device according to the
first embodiment of the present invention, as shown in FIG. 1,
includes a display panel 10 having a display area 12 and a
non-display area 14 surrounding the display area 12, a plu-
rality of gate lines 22 and a plurality of data lines 24 formed
in the display area 12 and arranged to intersect each other to
thereby define a plurality of pixel regions 20, a plurality of
thin film transistors 21 (FIG. 3) formed at respective intersec-
tions of the gate lines 22 and the data lines 24, a plurality of
pixel electrodes 29 (FIG. 3) formed in the pixel regions and
connected to the respective thin film transistors 21, a plurality
of horizontal common lines 30 formed parallel to the respec-
tive gate lines 22, a plurality of vertical common lines 32
formed parallel to the respective data lines 24 and arranged to
intersect the horizontal common lines 30, a plurality of data
pad portions 50 formed in the non-display area 14 each con-
stituting a collection of pad lines including data pad lines 52
and common pad lines 54, a plurality of first data driver ICs 60
connected to the respective data pad portions 50, and second
data driver ICs 62 connected to data pad portions 50 at each
end of the display panel 10. As shown in FIG. 2, at least one
of the plurality of first data driver ICs 60 includes at least one
first common voltage input terminal 64 to supply a common
voltage to each vertical common line 32.

[0039] Generally, the display panel 10 includes two trans-
parent substrates bonded to each other having a liquid crystal
layer interposed therebetween. The plurality of data lines 24
and the plurality of gate lines 22 are arranged to cross each
other with a gate insulating film (not shown) interposed ther-
ebetween to define the plurality of pixel regions 20. Scan
signals are sequentially supplied to the display panel 10
through the gate lines 22, and data signals are supplied to the
display panel 10 through the data lines 24. The plurality of
pixel regions 20 is arranged in a matrix within the display area
12. Each pixel region 20, for example, may be adapted to
correspond to any one of red, green, blue, and even white
color to implement a color display.

[0040] As shown in FIG. 3, each thin-film transistor 21
includes a gate electrode 25 branched from an associated gate
line 22, a semiconductor layer 23 is formed on top of each
gate electrode 25, a source electrode 27 is formed on top of
one end of the semiconductor layer 23 and branched from an
associated data line 24, and a drain electrode 28 is formed on
top of the opposite end of the semiconductor layer 23. Each
pixel electrode 29 is formed on the pixel region 20 and con-
nected to the drain electrode 28. Preferably. the pixel elec-
trode 29 is made of, for example, a transparent conductive
layer such as Indium Tin Oxide (ITO), Indium Zinc Oxide, or
the like. The thin film transistor 21 is turned on/off by the scan
signal supplied via the gate lines 22. If the thin film transistor
21 is turned on, the data signal is applied to the pixel elec-
trodes 29 through the data lines 24.

[0041] The horizontal common lines 30 and the gate lines
22 are arranged in parallel and are formed of the same layer.
The vertical common lines 32 and the data lines 24 are
arranged in parallel and are formed of the same layer. The
horizontal common lines 30 and the vertical common lines 32
are arranged to cross each other with the gate insulating film
(not shown) being interposed therebetween. Common elec-
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trodes 31 are formed between the pixel electrodes 29. Both
the common electrodes 31 and the pixel electrodes 29 are
formed of the same layer.

[0042] The horizontal common lines 30 and the vertical
common lines 32 are electrically connected to each other and
are adapted to stably supply the common voltage to the entire
liquid crystal display panel 10. Specifically, a common volt-
age supplied from an external source is applied to the com-
mon electrodes 31 in the liquid crystal display panel 10 via the
horizontal common lines 30 and the vertical common lines
32. For example, the horizontal common lines 30 and the
vertical common lines 32 are electrically connected to each
other by first connecting patterns 80, each of which is pat-
terned to cover both a first contact hole 70 exposing a part of
the horizontal common line 30 and a second contact hole 71
exposing a part of the vertical common line 32. Preferably, the
first connecting patterns 80 are formed of the same layer as
the pixel electrode 29.

[0043] In an alternative embodiment, the horizontal com-
mon line 30 may not be electrically connected to vertical
common line 32 such that the vertical common line 32 pro-
vides common voltage independently of the horizontal com-
mon line 30.

[0044] In the present exemplary embodiment, the horizon-
tal common lines 30 and the vertical common lines 32 are
connected to each other via the first connecting patterns 80
rather than being directly connected to each other to avoid the
necessity of additional processing steps in the fabrication
process. Generally, a protective film is formed over the entire
surface of the display panel after the thin film transistors are
formed. To electrically connect the thin film transistors to the
pixel regions, contact holes are formed in the drain electrodes
ofthe thin film transistors, and the pixel electrodes are formed
so as to electrically connect the pixel electrodes to the drain
electrodes through the contact holes. Accordingly, the first
and second contact holes 70 and 71 are formed during the
process of forming the contact holes in the drain electrodes,
and the first connecting patterns 80 are formed during the
process of patterning of the pixel electrodes. Therefore, no
additional process steps are necessary.

[0045] The plurality of data pad portions 50 includes the
plurality of data pad lines 52 connected at one end thereof to
the data lines 24 to supply data signals to the data lines 24. The
data pad portions 50 may further include the plurality of
common pad lines 54 electrically connected at one end
thereofto the vertical common lines 32 to supply the common
voltage to the vertical common lines 32. All the data pad lines
52 and the common pad lines 54 are formed of the same layer
as the data lines 24. Specifically, the vertical common lines 32
are integrally formed with the respective common pad lines
54, and the data pad lines 52 are integrally formed with the
respective data lines 24.

[0046] The first data driver ICs 60 are mounted, respec-
tively, on the plurality of data pad portions 50 between the
second data driver ICs 62 with the second data driver ICs 62
being mounted on the data pad portions 50 at each end of the
display panel 10. At least one of the first data driver ICs 60 has
a first common voltage input terminal 64 to which a common
voltage is applied. The first common voltage input terminal
64 is connected to the common pad line 54 to supply the
common voltage to each vertical common line 32. Further-
more, at least one of the second data driver ICs 62 has a
second common voltage input terminal 66 to also supply the
common voltage. The second common voltage input terminal
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66 is provided in the second data driver IC 62 such that it is
connected to ahorizontal common line connecting pattern 90.
The horizontal common line connecting pattern 90 serves to
electrically connect the plurality of horizontal common lines
30 with one another.

[0047] Thehorizontal common line connecting pattern 90,
as shown in FIG. 1, may be provided at the left side of the
liquid crystal display panel 10. Alternatively, the horizontal
common line connecting patter 90 may be provided on the
right side of the liquid crystal display panel 10. The horizontal
common line connecting pattern 90 may be formed of the
same layer as the data lines 24. In this case, the horizontal
common line connecting pattern 90 is electrically connected
to the horizontal common lines 30 by second connecting
patterns 82, each of which is patterned to cover both a contact
hole 73 exposing a part of the horizontal common line 30 and
a contact hole 74 exposing a part of the horizontal common
line connecting pattern 90. Preferably, the second connecting
patterns 82 are formed of the same layer as the pixel elec-
trodes 29. In yet another alternative embodiment, the hori-
zontal common line connecting pattern 90 may be omitted
altogether when the horizontal common lines 30 and the
vertical common lines 32 are electrically connected to each
other to provide a stable and uniform distribution of the
common voltage.

[0048] As described above, the liquid crystal display device
according to the first embodiment of the present invention
supplies the common voltage via the vertical common lines
32 arranged parallel to the data lines 24 to provide a more
uniform supply of the common voltage over the entire display
panel 10.

[0049] In addition to, or in the alternative, the common
electrodes 31 may be electrically connected to the horizontal
common lines 30 via common line branches 33 extending
from the horizontal common lines 30 to the pixel regions 20
via contactholes 726. The common electrodes 31 may also be
connected to the vertical common lines 32 via contact holes
72a. That is, the horizontal common lines 30 and the vertical
common lines 32 may be electrically connected to each other
via the common electrodes 31.

Second Embodiment

[0050] FIG. 4isa plan view illustrating an exemplary liquid
crystal display device according to a second embodiment of
the present invention. In the first embodiment of the present
invention, the common voltage supplied from an external
source is applied to each of the vertical common lines 32
individually. Therefore, when the common voltage fluctuates,
there is a likelihood of uneven supply of the common voltage.
[0051] Accordingly, in the second embodiment of the
present invention, to assure uniform supply of the common
voltage provided via the first common voltage input terminals
64 of neighboring data driver ICs 60, at least two neighboring
vertical common lines 32 and at least two neighboring com-
mon pad lines 54 are connected to a vertical common line
connecting pattern 92 having an island shape and formed in
the non-display area 14 between the data pad portions 50 and
the display area 12.

[0052] As shown in FIG. 4, the common pad lines 54 and
the vertical common lines 32 are formed of the same layer as
the data line 24, and the vertical common line connecting
pattern 92 is formed of the same layer as the gate lines 22. A
contact hole 79 exposing a part of the vertical common line 32
and a contact hole 765 exposing a part of the vertical common
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line connecting pattern 92 are formed. In addition, a contact
hole 75 exposing a part of the common pad line 54 and a
contact hole 76a exposing a part of the vertical common line
connecting pattern 92 are formed. Thereafter, third and fourth
connecting patterns 83 and 84 are formed over the contact
holes 75, 764, and 765 to connect the vertical common line
32, the vertical common line connecting pattern 92, and the
common pad line 54 to one another.

[0053] Specifically, each vertical common line 32 and the
vertical common line connecting pattern 92 are electrically
connected to each other by the third connecting pattern 83
through the contact holes 79 and 765. Each common pad line
54 and the vertical common line connecting pattern 92 are
electrically connected to each other by the fourth connecting
pattern 84 through the contact holes 75 and 765.

[0054] Inthe present exemplary embodiment, the common
pad line 54 and the vertical common line 32 are electrically
connected to the vertical common line connecting pattern 92
via the connecting patterns 83 and 84 rather than being
directly connected to each other to avoid the necessity of
additional processing steps in the fabrication process. Gener-
ally, a protective film is formed over the entire surface of the
display panel after the thin film transistors are formed. To
electrically connect the thin film transistors to the pixel
regions, contactholes are formed in the drain electrodes of the
thin film transistors, and the pixel electrodes are formed so as
to electrically connect the pixel electrodes to the drain elec-
trodes through the contact holes. With this procedure, the
contact holes are formed after formation of the data lines. To
electrically connect the common pad lines 54 and the vertical
common lines 32 to the vertical common line connecting
pattern 92, the contact holes must be formed prior to forming
the common pad line 54 and the vertical common line 32.
Preferably, the third and fourth connecting patterns 83 and 84
are formed of the same layer as the pixel electrodes 29.
[0055] In the liquid crystal display device according to the
second embodiment of the present invention as shown in FIG.
4, one vertical common line connecting pattern 92 is electri-
cally connected to all the common pad lines 54 provided in
the neighboring data pad portions 50. Accordingly, the first
common voltage input terminals 64 provided in the respective
neighboring data driver ICs 60 are electrically connected to
the vertical common line connecting pattern 92.

[0056] The vertical common line connecting pattern 92
takes the form of an island arranged in a gap between neigh-
boring data driver ICs 60. Therefore, the vertical common line
connecting pattern 92 does not overlap adjacent data lines 24
to reduce a parasitic capacitance that may occur between the
vertical common line connecting pattern 92 and the data lines
24, thereby preventing uneven common voltage distribution
due to an RC delay phenomenon.

[0057] With the exception of the description above, the
liquid crystal display device according to the second embodi-
ment of the present invention are identical to that of the liquid
crystal display device according to the first embodiment of
the present invention and thus is not repeated.

Third Embodiment

[0058] FIG.5isaplanview illustrating an exemplary liquid
crystal display device according to a third embodiment of the
present invention. FIG. 6 is a sectional view of the liquid
crystal display device according to the third embodiment of
the present invention illustrating a region where the data line
and the vertical common line connecting pattern overlap each
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other. FIG. 7 is a plan view of the liquid crystal display device
according to the third embodiment of the present invention
illustrating line widths of overlapped portions of the data line
and the vertical common line connecting pattern.

[0059] In the liquid crystal display device according to the
third embodiment ofthe present invention as shown in FIG. 5,
the vertical common line connecting pattern 92 is formed as
an integral structure in the non-display area 14 between the
data pad portions 50 and the display area 12. This arrange-
ment has the effect of compensating for minute differences in
the common voltage supplied via the respective first common
voltage input terminals 64 and the second common voltage
input terminals 66. With the exception of the descriptions set
forth below, the liquid crystal display device according to the
third embodiment of the present invention is identical to that
of the liquid crystal display device according to the second
embodiment of the present invention and thus is not repeated.
[0060] In the liquid crystal display device according to the
third embodiment ofthe present invention as shown in FIG. 6,
a region where the vertical common line connecting pattern
92 and the data line 24 overlap each other may be provided
with a semiconductor layer 23 and a gate insulating film 26
interposed between the data line 24 and the vertical common
line connecting pattern 92. If the semiconductor layer 23 is
interposed between the data line 24 and the vertical common
line connecting pattern 92, the semiconductor layer 23 serves
as an insulator, whereby a parasitic capacitance between the
vertical common line connecting pattern 92 to which the
common voltage is supplied and the data line 24 to which the
data signal is supplied may be reduced. Therefore, uneven
common voltage distribution due to the delay phenomenon
may be prevented.

[0061] As shown in FIG. 6, when the data line 24 and the
semiconductor layer 23 are etched simultaneously, the semi-
conductor layer 23 results in having a larger width than the
data line 24 according to a difference in etching rate. This has
the effect of preventing wire breakage in the data line 24 due
to rapid height variation. The semiconductor layer 23 is
formed of the same layer as the semiconductor layer of the
thin film transistor.

[0062] Inthe liquid crystal display device according to the
third embodiment ofthe present invention as shown in FIG. 7,
overlapped portions of the data line 24 and the vertical com-
mon line connecting pattern 92 may be formed to have dif-
ferent line widths from the remaining portions of the data line
24 and the vertical common line connecting pattern 92. This
has the effect of preventing uneven common voltage distri-
bution due to the delay phenomenon. Specifically, portions of
the data line 24 overlapped with the vertical common line
connecting pattern 92 may be formed to have a width W1
greater than a width W2 of the remaining portions of the data
line 24. Similarly, portions of the vertical common line con-
necting portion 92 overlapped with the data line 24 may be
formed to have a width W3 smaller than a width W4 of the
remaining portion of the vertical common line connecting
portion 92. With this configuration, line resistance in the data
line 24 is reduced and consequently, parasitic capacitance
between the data lines 24 and the vertical common line con-
necting pattern 92 is reduced, whereby uneven common volt-
age distribution due to the delay phenomenon may be sub-
stantially prevented.

Fourth Embodiment

[0063] FIG. 8isaplan view illustrating an exemplary liquid
crystal display device according to a fourth embodiment of
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the present invention. FIG. 9 is an enlarged plan view of the
liquid crystal display device according to the fourth embodi-
ment of the present invention.

[0064] The liquid crystal display device according to the
fourth embodiment of the present invention as shown in FIG.
8, includes a plurality of the vertical common line connecting
patterns 92 arranged to be separated from one another such
that the common voltage from each first data driver IC 60 may
be supplied individually to the vertical common lines 32.
Specifically, a vertical common line connecting patterns 92
may be connected individually to each of the first common
voltage input terminal 64 of a single data driver IC 60. Indi-
vidual input of the common voltage as described above allows
for more efficient circuit tuning.

[0065] In the liquid crystal display device according to the
fourth embodiment of the present invention as shown in FIG.
9, the vertical common lines 32 and the data lines 24 may be
alternately arranged. Such alternate arrangement of the data
lines 24 and the vertical common lines 32 has the effect of
producing a symmetrical electric field within the display
panel 10. Accordingly, the entire pattern is symmetrical and
thus, the electric field may be more uniformly distributed
throughout the display panel.

[0066] With the exception of the description above, the
liquid crystal display device according to the fourth embodi-
ment of the present invention are identical to that of the liquid
crystal display device according to the third embodiment of
the present invention and thus is not repeated.

Fifth Embodiment

[0067] FIG. 10 is a plan view illustrating an exemplary
liquid crystal display device according to a fifth embodiment
of the present invention. The liquid crystal display device
according to the fifthembodiment of the present invention, as
shown in FIG. 10, further includes a bridge common line
connecting pattern 94 formed in the non-display area 14 at an
opposite side of the data pad portions 50 and is used to
electrically connect the vertical common lines 32 to one
another. Accordingly, more uniform common voltage distri-
bution within the display panel may be accomplished.

[0068] Preferably, the bridge common line connecting pat-
tern 94 is formed of the same layer as the vertical common
lines 32. That is, both the bridge common line connecting
pattern 94 and the vertical common lines 32 are formed of the
same line as the data lines 24. Furthermore, the present
embodiment may be combined with any of the second to
fourth embodiments described above to achieve a uniform
distribution of the common voltage within the display panel.

Sixth Embodiment

[0069] FIG. 11 is a plan view illustrating an exemplary
liquid crystal display device according to a sixth embodiment
of the present invention. As shown in FIG. 11, the liquid
crystal display device according to the sixth embodiment of
the present invention includes the bridge common line con-
necting pattern 94 formed in the non-display area 14 at the
opposite side of the data pad portions 50 and a pair of the
horizontal common line connecting patterns 90 formed at left
and right sides of the display panel 10. Provision of both the
bridge common line connecting pattern 94 and a pair of the
horizontal common line connecting patterns 90 accomplishes
more uniform common voltage distribution. Furthermore, the
present embodiment may be combined with any ofthe second

Feb. 12,2009

to fourth embodiments described above to achieve a uniform
distribution of the common voltage within the display panel.
[0070] FIG. 12 illustrates a dual layer configuration of the
bridge common line connecting pattern 94 that may be used in
the fifth and sixth embodiments described above. The bridge
common line connecting pattern 94, as shown in FIG. 12, may
have a dual layer configuration including of a first pattern 94a
formed of the same layer as the data lines 24 and a second
pattern 945 formed of the same layer as the gate lines 22.
Although notshown, a protective insulating film is interposed
between the first pattern 94a and the second pattern 945.

[0071] The first pattern 94a and the second pattern 945 are
electrically connected to each other by a fifth connecting
pattern 86, which is patterned to cover a contact hole 77
exposing a part of the first pattern 94a and a contact hole 78
exposing a part of the second pattern 945. The fifth connect-
ing pattern 86 may be formed of the same layer as the pixel
electrode 29. A plurality of the contact holes 77 and 78 and a
plurality of the fifth connecting patterns 86 may be provided
to obtain a multi-contact structure. The dual layer configura-
tion of the bridge common line connecting pattern 94 as
shown in FIG. 12 causes a further reduction in resistance,
resulting in more uniform common voltage distribution.

Seventh Embodiment

[0072] FIG. 13 is a plan view illustrating an exemplary
configuration of a liquid crystal display device according to a
seventh embodiment of the present invention. As shown in
FIG. 13, the liquid crystal display device according to the
seventh embodiment of the present invention, as compared to
the previously described liquid crystal display device accord-
ing to the first embodiment of the present invention shown in
FIG. 1, further includes an external common voltage source
100 including a common voltage generator 102 to generate a
common voltage and a common voltage delay restrictor 200
to prevent a common voltage delay phenomenon. Other con-
figurations of the present embodiment are identical to those of
the first embodiment and thus, the following description
focuses upon the common voltage generator 102 and the
common voltage delay restrictor 200.

[0073] The common voltage generator 102 and the com-
mon voltage delay restrictor 200 may be mounted on a printed
circuit board (PCB). The common voltage delay restrictor
200 includes a plurality of delay preventing patterns 200, to
200, to prevent the common voltage delay phenomenon. The
plurality of delay preventing patterns 200, to 200, correspond
to the first and second data driver ICs 60 and 62, respectively.
For example, there are provided the first to nth delay prevent-
ing patterns 200, to 200,. The first to nth delay preventing
patterns 200, to 200, individually controlling the common
voltage, generated on the basis of a common voltage delay
rate, supplied to the respective first and second data driver ICs
60 and 62. More specifically, the first to nth delay preventing
patterns 200, to 200, control the common voltage in consid-
eration of a signal delay rate depending on an increased area
of the display panel 10 or a signal delay rate depending on an
increased length of supply lines connected to the common
voltage generator 102. The first to nth delay preventing pat-
terns 200, to 200, include resistors R1 and Rn and capacitors
C1 to Cn, respectively. Namely, the delay rate can be adjusted
according to values of the resistors R1 to Rn and the capaci-
tors C1 to Cn included in the respective first to nth delay
preventing patterns 200, to 200,,.
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[0074] More specifically, the values of the resistors R1 to
Rn and the capacitors C1 to Cn provided in the first to nth
delay preventing patterns 200, to 200, must decrease from the
first delay preventing pattern 200, toward the nth delay pre-
venting pattern 200 ,. In other words, the values of the resis-
tors R1 to Rn and the capacitors C1 to Cn provided in the first
to nth delay preventing patterns 200, to 200, decrease as a
common voltage delay rate increases. This relationship is
represented by the following equation:

R1C1>R2C2>R3C3>RnCn

[0075] Values of the resistors R1 to Rn and the capacitors
C1 to Cn of the respective first to nth delay preventing pat-
terns 200, to 200, are calculated using the above Equation 1.
Accordingly, the first to nth delay preventing patterns 200, to
200, can individually control the common voltage depending
on the common voltage delay rate to the first and second data
driver ICs 60 and 62, thereby supplying a uniform common
voltage to the display panel 10.

(Equation 1)

Eighth Embodiment

[0076] FIG. 14 is a plan view illustrating an exemplary
liquid crystal display device according to an eighth embodi-
ment of the present invention. As shown in FIG. 14, the liquid
crystal display device according to the eighth embodiment of
the present invention, as compared to the previously
described liquid crystal display device according to the sec-
ond embodiment of the present invention shown in FIG. 4,
further includes an external common voltage source 100
including a common voltage generator 102 to generate a
common voltage and a common voltage delay restrictor 200
to prevent a common voltage delay phenomenon. Other con-
figurations of the present embodiment are identical to those of
the second embodiment and thus, the following description
focuses upon the common voltage generator 102 and the
common voltage delay restrictor 200.

[0077] Thecommon voltage delay restrictor 200 includes a
plurality of delay preventing patterns 200, to 200,. For
example, there are provided the first to nth delay preventing
patterns 200, to 200, . The first to nth delay preventing pat-
terns 200, to 200, are connected individually to the first and
second data driver ICs 60 and 62 to control the common
voltage supplied to the respective first and second data driver
ICs 60 and 62.

[0078] Alternatively, because the at least two neighboring
second common lines 32 are electrically connected to each
other via the second common line connecting pattern 92, only
one of the delay preventing patterns 200, to 200, may be
connected to the second common line connecting pattern 92
for each pair of the at least two neighboring second common
lines 32 to provide a stable and uniform common voltage.

Ninth Embodiment

[0079] FIG. 15 is a plan view illustrating an exemplary
liquid crystal display device according to a ninth embodiment
of the present invention. As shown in FIG. 15, the liquid
crystal display device according to the ninth embodiment of
the present invention, as compared to the previously
described liquid crystal display device according to the third
embodiment of the present invention shown in FIG. 5, further
includes an external common voltage source 100 including a
common voltage generator 102 to generate a common voltage
and a common voltage delay restrictor 200 to prevent a com-
mon voltage delay phenomenon. Other configurations of the
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present embodiment are identical to those of the third
embodiment and thus, the following description focuses upon
the common voltage generator 102 and the common voltage
delay restrictor 200.

[0080] Thecommon voltage delay restrictor 200 includes a
plurality of delay preventing patterns 200, to 200,. For
example, there are provided the first to nth delay preventing
patterns 200, to 200,. At least one of the plurality of delay
preventing patterns 200, to 200,, is connected to the respective
first and second data driver ICs 60 and 62 to control the
common voltage supplied to the respective data driver ICs 60
and 62.

[0081] Alternatively, because all of the vertical common
lines 32 are electrically connected to each other viathe second
common line connecting pattern 92, only one of the delay
preventing patterns 200, to 200, may be connected to the
second common line connecting pattern 92 to provide a stable
and uniform common voltage. However, additional number
of delay preventing patterns 200, to 200, may be connected to
the second common line connecting pattern 92 without
departing from the scope of the invention.

Tenth Embodiment

[0082] FIG. 16 is a plan view illustrating an exemplary
liquid crystal display device according to a tenth embodiment
of the present invention. As shown in FIG. 16, the liquid
crystal display device according to the tenth embodiment of
the present invention, as compared to the previously
described liquid crystal display device according to the fourth
embodiment of the present invention shown in FIG. 8, further
includes an external common voltage source 100 including a
common voltage generator 102 to generate a common voltage
and a common voltage delay restrictor 200 to prevent a com-
mon voltage delay phenomenon. Other configurations of the
present embodiment are identical to those of the fourth
embodiment and thus, the following description focuses upon
the common voltage generator 102 and the common voltage
delay restrictor 200.

[0083] The common voltage delay restrictor 200 includes
the plurality of delay preventing patterns 200, to 200,,. For
example, there are provided the first to nth delay preventing
patterns 200, to 200,,. At least one of the plurality of delay
preventing patterns 200, to 200, is connected to the respective
first and second data driver ICs 60 and 62 to control the
common voltage supplied to the respective data driver ICs 60
and 62.

Eleventh Embodiment

[0084] FIG. 17 is a plan view illustrating an exemplary
liquid crystal display device according to an eleventh
embodiment of the present invention. As shown in FIG. 17,
the liquid crystal display device according to the eleventh
embodiment of the present invention, as compared to the
previously described liquid crystal display device according
to the fifth embodiment of the present invention shown in
FIG. 10, further includes the common voltage generator 102
to generate a common voltage and the common voltage delay
restrictor 200 to prevent a common voltage delay phenom-
enon. Other configurations of the present embodiment are



US 2009/0040166 A1

identical to those of the fifth embodiment and the common
voltage delay restrictor 200 is identical to that of FIG. 13.

Twelfth Embodiment

[0085] FIG. 18 is a plan view illustrating an exemplary
liquid crystal display device according to a twelfth embodi-
ment of the present invention. As shown in FIG. 18, the liquid
crystal display device according to the twelfthembodiment of
the present invention, as compared to the previously
described liquid crystal display device according to the sixth
embodiment of the present invention shown in FIG. 11, fur-
ther includes an external common voltage source 100 includ-
ing a common voltage generator 102 to generate a common
voltage and a common voltage delay restrictor 200 to prevent
a common voltage delay phenomenon. Other configurations
of the present embodiment are identical to those of the sixth
embodiment and the common voltage delay restrictor 200 is
identical to that of FIG. 13.

Thirteenth Embodiment

[0086] FIG. 19 is a plan view illustrating an exemplary
liquid crystal display device according to a thirteenth embodi-
ment of the present invention. As shown in FIG. 19, the liquid
crystal display device according to the thirteenth embodiment
of the present invention, as compared to the previously
described liquid crystal display device according to the sev-
enth embodiment of the present invention shown in FIG. 13,
further includes gate driver ICs 302 and a line-on-glass
(LOG) type signal line group 300 connected to each gate
driver IC 302 formed in the non-display area 14.

[0087] The LOG type signal line group 300 is made of a
gate metal layer in the same manner as the gate lines 22. A
resistance value of the LOG type signal line group 300 is
proportional to a line length. Accordingly, a signal delay
increases as the LOG type signal line group 300 gets more
distant from the PCB. However, as shown in FIG. 19, when
the plurality of delay preventing patterns 200, to 200, are
provided to correspond to the respective first and second data
driver ICs 60 and 62 so as to achieve uniform common voltage
supply, improved display quality can be accomplished. The
plurality of delay preventing patterns 200, to 200, shown in
FIG. 19 have the same functions and effects as described with
reference to FIG. 13 and thus, description thereof is not
repeated.

[0088] FIG. 20A is a view illustrating common voltage
distribution within a conventional display panel 400 while
FIG. 20B is a view illustrating common voltage distribution
in the liquid crystal display device 410 according to the
presentinvention. As shown in FIGS. 20A and 20B, the liquid
crystal display device according to the various embodiments
of the present invention provides a more uniform distribution
of common voltage than the prior art.

[0089] Inthe case of a wide panel 400 having a screen ratio
of 16:9 suitable for display of moving images, when a com-
mon voltage is supplied only via horizontal common lines
parallel to gate lines as in the prior art, the horizontal common
lines undergo an increase in resistance because the display
panel is lengthened in a gate line direction. Thus, as shown in
FIG. 20A, the display panel 400 of the prior art exhibits
uneven distribution of the common voltage due to a delay
phenomenon depending on RC time constants. However, in
the liquid crystal display device 410 according to the various
embodiments of the present invention, a common voltage is
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supplied not only via the horizontal common lines parallel to
the gate lines but also via the vertical common lines parallel to
the data lines, thereby achieving a remarkable improvement
in uniformity of common voltage distribution as shown in
FIG. 20B.

[0090] Further, the common voltage is provided to the
respective data driver ICs, thereby achieving uniform com-
mon voltage distribution and preventing a crosstalk phenom-
enon. In addition, the common lines formed vertically and
horizontally in accordance with the present invention prevent
wire breakage failure thereof.

[0091] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display device of the present invention without depart-
ing from the spirit or scope of the invention. For example, the
first common lines 30 (i.e., the horizontal common lines) may
be omitted altogether and only the second common lines 32
(i.e., the vertical common lines) may be used to provide a
stable and uniform common voltage across the display panel
10. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a display panel including a display area and a non-display
area surrounding the display area;

a plurality of gate lines and data lines arranged on the
display area to intersect each other, so as to define a
plurality of pixel regions;

a plurality of thin-film transistors formed at respective
intersections of the gate lines and the data lines;

a plurality of pixel electrodes formed on the respective
pixel regions and connected to the thin film transistors;
and

at least one first common line provided between the data
lines and arranged parallel to the data lines.

2. The liquid crystal display device according to claim 1
further comprising a plurality of second common lines pro-
vided between the gate lines and arranged parallel to the gate
lines.

3. The liquid crystal display device according to claim 2,
wherein the at least one first common line is electrically
connected to the second common lines.

4. The liquid crystal display device according to claim 3,
wherein the at least one first common line and each second
common line have a first contact hole and a second contact
hole at an intersection thereof, and are electrically connected
to each other by a first connecting pattern through the first and
second contact holes, the first connecting pattern being
formed of the same layer as the pixel electrodes.

5. The liquid crystal display device according to claim 2,
further comprising:

a plurality of data pad portions on the non-display area,
each data pad portion including data pad lines and com-
mon pad lines;

first data driver ICs connected to the respective data pad
portions except for data pad portions at each end of the
display panel,

second data driver ICs connected to the data pad portions at
each end of the display panel; and
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at least one first common voltage input terminal provided
in at least one of the first data driver ICs for supplying a
common voltage to the at least one first common line via
the common pad lines.

6. The liquid crystal display device according to claim 5,
further comprising:

at least one second common voltage input terminal pro-

vided in at least one of the second data driver ICs for
supplying a common voltage to the plurality of second
common lines; and

at least one first common line connecting pattern for sup-

plying the common voltage from the second common
voltage input terminal to the plurality of second com-
mon lines.

7. The liquid crystal display device according to claim 6,
wherein the data pad lines, the common pad lines, the at least
one first common line, and the first common line connecting
pattern are formed of the same layer as the data lines.

8. The liquid crystal display device according to claim 6,
wherein each second common line and the first common line
connecting pattern are electrically connected to each other by
a second connecting pattern through a third contact hole
exposing a part of the second common line and a fourth
contact hole exposing a part of the first common line connect-
ing pattern, the second connecting pattern being formed of the
same layer as the pixel electrodes.

9. The liquid crystal display device according to claim 5,
further comprising: asecond common line connecting pattern
provided on the non-display area between the plurality of data
pad portions and the display area, and connecting the com-
mon pad lines and the at least one first common line to each
other.

10. The liquid crystal display device according to claim 9,
wherein the plurality of second common lines and the second
common line connecting pattern are formed of the same layer
as the gate lines.

11. The liquid crystal display device according to claim 9,
wherein the at least one first common line and the second
common line connecting pattern are electrically connected to
each other by a third connecting pattern through a fifth contact
hole exposing a part of the at least one first common line and
a sixth contact hole exposing a part of the second common
line connecting pattern, the third connecting pattern being
formed of the same layer as the pixel electrodes, and wherein
each common pad line and the second common line connect-
ing pattern are electrically connected to each other by a fourth
connecting pattern through a seventh contact hole exposing a
part of the common pad line and an eighth contact hole
exposing a part of the second common line connecting pat-
ter, the fourth connecting pattern being formed of the same
layer as the pixel electrodes.

12. The liquid crystal display device according to claim 9,
wherein the second common line connecting pattern includes
a plurality of island-shaped second common line connecting
patterns, each arranged between the data driver ICs and con-
nected to the common pad lines provided in the two neigh-
boring first driver ICs.

13. The liquid crystal display device according to claim 9,
wherein the second common line connecting pattern includes
a plurality of island-shaped second common line connecting
patterns, at least two island-shaped second common line con-

Feb. 12,2009

necting patterns arranged at each data driver IC and each of
the at least two island-shaped second common line connect-
ing patters connecting one common pad line and at least two
first common lines.

14. The liquid crystal display device according to claim 9,
wherein a semiconductor layer is interposed between the
second common line connecting pattern and the data lines at
a region where the second common line connecting pattern
and each data line overlap each other.

15. The liquid crystal display device according to claim 9,
wherein a portion of each data line overlapped with the sec-
ond common line connecting pattern has a greater line width
than a line width of the remaining portion of the data line, and
aportion of the second common line connecting patterrn over-
lapped with the data line has a smaller line width than a line
width of the remaining portion of the second common line
connecting pattern.

16. The liquid crystal display device according to claim 6,
further comprising:

a third common line connecting pattern provided in the
non-display area at an opposite side of the data pad
portions and electrically connecting the second common
lines and the first common line connecting pattern.

17. The liquid crystal display device according to claim 16,
wherein the third common line connecting pattern has a dual
layer structure consisting of a first pattern formed of the same
layer as the datalines and a second pattern formed of the same
layer as the gate lines and electrically connected to the first
pattern.

18. The liquid crystal display device according to claim 1,
further comprising:

a common voltage delay restrictor to control the common
voltage supplied to the at least one first common line so
as to prevent a common voltage delay phenomenon.

19. The liquid crystal display device according to claim 2,
further comprising:

a common voltage delay restrictor to control the common
voltage supplied to the at least one first common line and
the second common lines so as to prevent a common
voltage delay phenomenon.

20. The liquid crystal display device according to claim 19,
wherein the common voltage delay restrictor includes a plu-
rality of delay preventing patterns, and each delay preventing
pattern has at least one resistor and at least one capacitor
having different values from those of the other delay prevent-
ing patterns.

21. The liquid crystal display device according to claim 20,
wherein values of the resistor and the capacitor included in
the respective delay preventing patterns decrease as a com-
mon voltage delay rate increases.

22.The liquid crystal display device according to claim 20,
wherein at least one of the plurality of delay preventing pat-
terns is connected to the respective first data driver ICs to
control the common voltage supplied to the respective first
data driver ICs.

23. The liquid crystal display device according to claim 20,
wherein at least one of the plurality of delay preventing pat-
terns is connected to the respective first and second data driver
1Cs to control the common voltage supplied to the respective
first and second data driver ICs.
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