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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0046010, filed on May 1, 2012,
which is incorporated by reference herein in its entirety. This
application is also related to U.S. patent application Ser. No.
13/572,860 filed on Aug. 13, 2012, which claims priority to
Korean Patent Application No. 10-2011-0082455 filed on
Aug. 18,2011, and Korean Patent Application No. 10-2011-
0123755 filed on Nov. 24, 2011, which are incorporated by
reference herein in their entirety.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Field of the Disclosure

[0003] The present disclosure relates to a liquid crystal
display (LCD) device and a method of fabricating the same.
[0004] 2. Discussion of the Related Art

[0005]  As information technology develops, the market for
display devices, a connection medium between a user and
information is expanding. As a result, display devices such as
a Liquid Crystal Display (LCD) device, an Organic Light
Emitting Display (OLED) and a Plasma Display Panel (PDP)
are being much used.

[0006] Such display devices are being used for various
purposes, in the field of home appliances such as televisions
or videos, in the field of industrial products such as notebook
computers or mobile phones.

[0007] Among such display devices, the LCD device serves
to display a desired image by individually supplying data
signals based on image information, to pixels arranged in the
form of matrices, and then by controlling a light transmittance
of the pixels.

SUMMARY

[0008] Embodiments relate to a liquid crystal display
(LCD) device including a substrate with a display area and a
driving area. The display area includes a plurality of data lines
formed in a first layer of the substrate to extend in a first
direction, a plurality of gate lines formed in a second layer of
the substrate to extend in a second direction perpendicular to
the first direction in the display area, and a thin film transistor
(TFT) formed at each intersection of each of the plurality of
data lines and each of the plurality of the gate lines. The
plurality of the gate lines in conjunction with the plurality of
data lines define a plurality of sub-pixels. The driving area
surrounds the display area and includes a first set of data link
wires and a second set of data link wires. The first set of data
link wires is formed in the first layer and placed between a
driving circuit and a first subset of the plurality of data lines to
carry data signals. The second set of data link wires is formed
in the second layer and placed between the driving circuit and
a second subset of the plurality of data lines to carry data
signals.

[0009] In one embodiment, the LCD device further
includes an insulating film between the first layer and the
second layer.

[0010] In one embodiment, connection electrodes connect
the second set of the data link wires to the second subset of the
plurality of data lines.
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[0011] In one embodiment, the connection electrodes are
formed of a transparent conductive material including
indium-tin-oxide or indium-zinc-oxide.

[0012] Inone embodiment, an n sub-pixel of a first color
is connected to an n” data link wire, a (n+1)” sub-pixel of a
second color is connected to a (n+1)” data link wire and a
(n+2)" sub-pixel of a third color is connected to a (n+2)" data
link wire. The first set of data link wires includes the n” data
link wire and the (n+1)" data link wire, and the second set of
data link wires includes the (n+2)” data link wire.

[0013] Inoneembodiment, the first color is red, the second
color is green, and the third color is blue.

[0014] In one embodiment, the first subset of data link
wires includes the n” data link wire, and the second subset of
data link wires includes (n+1)* data link wire and the (n+2)
data link wire.

[0015] In one embodiment, an n” sub-pixel of a first color
is connected to a n data link wire, a (n+1)” sub-pixel of a
second color is connected to a (n+1)” data link wire, a (n+2)"
sub-pixel of a third color is connected to a (n+2)” data link
wire, and a (n+3)™ sub-pixel of a fourth color is connected to
a (n+3)” data link wire. The first set of data link wires
includes the n data link wire and the (n+2)” data link wire,
and the second set of data link wires includes the (n+11)* data
link wire and the (n+3)” data link wire.

[0016] Inoneembodiment, the first color is red, the second
color is green, the third color is blue and the fourth color is
white.

[0017] Embodiments also relate to a method of fabricating
aliquid crystal display (LCD) device. A set of data link wires
1s formed in a driving area of a substrate. An insulating film is
formed on the substrate formed with the set of data link wires.
Another set of data link wires is formed. At least part of the
other set of data link is electrically connected to a first set of
sub-pixels of a first color via date lines. A passivation film is
formed on the substrate formed with the first and second set of
data lines. Connection electrodes are formed on the substrate
formed with the passivation film for electrically connecting at
least part of the set of data link wires to a second set of
sub-pixels of a second color via data lines.

[0018] In one embodiment, gate electrodes and gate lines
are formed in the display area before forming the set of data
link wires. An active layer is formed on the insulating film.
Source electrodes, drain electrodes, and the data lines defin-
ing sub-pixels in conjunction with the gate lines are formed
on the active layer in the display area.

[0019] In one embodiment, at least part of the set of data
link wires is connected to a third set of sub-pixels of a third
color via data lines.

[0020] In one embodiment, at least part of the other set of
data link wires is connected to a third set of sub-pixels of a
third color via data lines.

[0021] In one embodiment, the set of data link wires is
formed in a same layer as gate electrode and gate lines, and
the other set of data link wires and the data lines are formed in
a same layer as a source electrode and a drain electrode.
[0022] Embodiments also relate to a liquid crystal display
(LCD) device. The LCD device includes a display area on a
substrate and a driving area on the substrate surrounding the
display area. The display area includes a plurality of data lines
formed in a first layer of the substrate to extend in a first
direction, a plurality of gate lines formed in a second layer of
the substrate to extend in a second direction perpendicular to
the first direction in the display area, the plurality of the gate
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lines in conjunction with the plurality of data lines defining a
plurality of sub-pixels, and a thin film transistor (TFT)
formed at each intersection of each of the plurality of data
lines and each of the plurality of the gate lines. The driving
area includes a plurality sets of data link wires. Each set of
data link wires includes a first data link wire configured to
carry data signal of a first color, a second data link wire
configured to carry data signal of a second color, and a third
data link wire configured to carry data signal of a third color.
One of the first, second and third link wires formed on one of
the first layer or the second layer. Others of the first, second
and third link wires formed on the other of the first layeror the
second layer.

[0023] Further scope of applicability of the present appli-
cation will become more apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
the detailed description and specific examples, while indicat-
ing preferred embodiments, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of embodiments will become apparent to
those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments and together with the
description serve to explain the principles of the disclosure. In
the drawings:

[0025] FIG.11isaschematic plan view showing an example
structure of a liquid crystal display (LCD) device.

[0026] FIG. 2 is an enlarged plan view of a section of the
LCD device of FIG. 1.

[0027] FIG. 3 is a schematic plan view showing a structure
of a liquid crystal display (LCD) device according to a first
embodiment.

[0028] FIG.41isanenlarged plan view of the LCD device of
FIG. 3 according to the first embodiment.

[0029] FIG. 5 is a cross-sectional view of a link portion
taken along line C-C' of FIG. 4 according to the first embodi-
ment.

[0030] FIG. 6 is a cross-sectional view of a link portion
according to a second embodiment.

[0031] FIG. 7 is a cross-sectional view of a link portion
according to a third embodiment.

[0032] FIGS. 8A through 8F are cross-sectional views
showing processes for fabricating an LCD device according
to the second embodiment.

[0033] FIG.9is an enlarged plane view of an LCD device
according to a fourth embodiment.

[0034] FIG. 10 is a cross-sectional view of a link portion
according to a fourth embodiment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0035] Description will now be given in detail of the exem-
plary embodiments, with reference to the accompanying
drawings. For the sake of brief description with reference to
the drawings, the same or equivalent components will be
provided with the same reference numbers, and description
thereof will not be repeated.

[0036] FIG.11is aschematic plan view of an example struc-
ture of a liquid crystal display (LCD) device. FIG. 2 is an
enlarged plan view of section “A” of the LCD device of FIG.
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1 in an enlarged manner. The example structure of liquid
crystal display (LCD) device 10 includes an array substrate
12 and a color filter substrate 11 facing each other, and
attached to each other with a uniform cell gap. A liquid crystal
(LC) layer (not shown) is formed in the cell gap between the
array substrate 12 and the color filter substrate 11.

[0037] Although not shown in FIG. 1, the color filter sub-
strate 11 includes color filters each consisting of red, green
and blue (RGB) sub color filters, black matrices, and an
overcoat layer formed above the color filters and the black
matrices. The back matrices divide the sub color filters from
each other, and shield light which passes through the L.C
layer.

[0038] Thearray substrate 12 may be divided into a display
area 25 and a driving area. In the display area 25, a plurality
of sub-pixels 25R, 25G and 25B are arranged in the form of
matrices. The driving area surrounds the periphery of the
display area 25, and includes driving devices for driving the
sub-pixels 25R, 25G and 25B. Data lines 16 and gate lines 17
arranged in vertical and horizontal directions and defining
pixel regions are formed in the display area 25 of the array
substrate 12. A thin film transistor (TFT, not shown) is formed
at each intersection of the data lines 16 and the gate lines 17
(i.e., at a TFT region) as a switching device.

[0039] Although not shown, the TFT includes a gate elec-
trode connected to the gate line 17, a source electrode con-
nected to the data line 16, and a drain electrode connected to
apixel electrode. The TFT also includes a gate insulating film
for insulating the gate electrode from the source/drain elec-
trodes, and an active layer for forming a conductive channel
between the source and drain electrodes by a gate voltage
supplied to the gate electrode. The TFT also includes a pas-
sivation film for insulating the source/drain electrodes from
the pixel electrode.

[0040] In the driving area, driving integrated circuits (ICs)
70a and 705 are mounted for applying data signals and gate
signals to the data lines 16 and the gate lines 17 extending into
the display area 25. When using a Chip On Glass (COG)
method to mount the ICs 70a and 705, the driving ICs 70a and
704 are directly mounted on the array substrate 12.

[0041] Data link wires 76 and gate link wires 77 connected
to the data lines 16 and the gate lines 17, respectively, are
formed in the array substrate 12 of the LCD device 10 formed
by such COG method. A data pad (not shown) and a gate pad
(not shown) are connected to ends of the data link wires 76
and the gate link wires 77, respectively. The data pad and the
gate pad are connected to the data driving IC 70a and the gate
driving IC 705 mounted on the array substrate 12. respec-
tively. The data driving IC 70a and the gate driving IC 705 are
connected to an external printed circuit board (PCB, not
shown) through a flexible printed circuit (FPC) 50. The PCB
includes a timing controller and a power supply unit, and has
aplurality of devices such as ICs formed thereon. The devices
generate various types of control signals, driving voltages,
etc. for driving the LCD device.

[0042] When using COG method for a simple structure and
simplified fabricating processes of the FPC 50, a line on
glasses (LOG) method may be used to connect signal lines of
the driving ICs 70a and 704 to an external PCB through line
via lines 63a and 635 mounted on the array substrate 10. The
lines 634 and 635 may be used to carry various control sig-
nals, driving voltages, etc. from the external PCB. For con-
venience, signal lines for connecting FPC pads (not shown) in
the FPC 50 with an input bumper (not shown) in the data
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driving IC 70a, are referred to as Quter Lead Bonding (OLB)
wires 63a, and signal lines for connecting the FPC pads with
an input bumper (not shown) in the gate driving IC 705, are
referred to as LOG 634.

[0043] The example structure of FIGS. 1 and 2 uses the
same number of data link wires 76 as the data lines 16, in
order to apply data signals to the data lines 16 connected to a
plurality of sub-pixels. In this case, the number of the data
link wires 76 increases as the screen size and the resolution of
the LCD device 10 increase. The number of the data link
wires 76 increases according to the number of the data lines
16, and a width (W) of a line diverging section of the LCD
device 10 increases accordingly. Embodiments described
herein relate to reducing or alleviating the increase in the
width (W) of the line diverging section.

[0044] FIG. 3 is a schematic plan view of a structure of a
liquid crystal display (LCD) device 100 according to a first
embodiment. FIG. 4 is an enlarged plan view showing section
“B” of the LCD device of FIG. 3 according to the first
embodiment. FIG. 5 is a cross-sectional view ofa link portion
taken along line C-C' of FIG. 4 according to the first embodi-
ment. LCD device 100 includes an array substrate 112 and a
color filter substrate 111 functioning in the same way as the
array substrate 12 and the color filter substrate 11 of the
example structure of FIG. 1. The array substrate 112 may be
divided into a display area 125 where a plurality of sub-pixels
125R, 125G and 125B are arranged in the form of matrices,
and a driving area surrounding the periphery of the display
area 125 and having driving devices for driving the sub-pixels
125R, 125G and 125B.

[0045] 1In the display area 125 of the array substrate 112,
data lines 116 and gate lines 117 extend in vertical and hori-
zontal directions to pixel regions in a similar manner as
described above with reference to FIG. 1. The TFT includes a
gate insulating film 115¢ for insulating the gate electrode
from the source/drain electrodes, and an active layer for form-
ing a conductive channel between the source and drain elec-
trodes by a gate voltage supplied to the gate electrode. The
TFT also includes a passivation film 1155 for insulating the
source/drain electrodes from the pixel electrode.

[0046] Driving ICs 170a and 1705 are formed in the driving
area for applying data signals and gate signals to the data lines
116 and the gate lines 117 inside the display area 125. A
method for mounting the driving ICs 170a and 1705 on the
array substrate 112 may include a Chip On Glass (COG)
method, a Tape Carrier Package (TCP) method, a Chip On
Film (COF), etc. The COG method bonds the driving 1Cs
170a and 1705 on the array substrate 112 of the LCD device
100, thereby directly connecting an output electrode (not
shown) of the driving ICs 170a and 1705, to a wire pad (not
shown) of the array substrate 112. The COG method is advan-
tageous, among other reasons, in that the entire process is
simplified and the fabricating costs are reduced due to a
simple structure. However, other methods may be used to
mount the driving ICs 170a and 1705 on the array substrate.

[0047] Data link wires 176 and gate link wires 177 are
connected to the data lines 116 and the gate lines 117, respec-
tively. Data link wires 176 and gate link wires 177 are formed
in the driving area of the array substrate 112 of the LCD
device formed methods such as COG method. A data pad (not
shown) and a gate pad (not shown) are connected to one ends
of the data link wires 176 and the gate link wires 177, respec-
tively.
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[0048] The data pad and the gate pad are respectively con-
nected to the data driving IC 170a and the gate driving IC
1705 mounted on the array substrate 112.

[0049] The data driving IC 1704 and the gate driving IC
1705 are connected to an external printed circuit board (PCB,
not shown) through an FPC 150, as described above with
reference to FIGS. 1 and 2. The gate driving IC 1705 receives
control signals and driving voltages via FPC 150, and then
sequentially applies gate signals to the plurality of gate lines
117. The data driving IC 1704 receives control signals, image
data and driving voltages via FPC 150 applies data signals
corresponding to a single horizontal line to the data lines 116.

[0050] Outer Lead Bonding (OLB) wires 1634 and LOG
1635 are substantially the same as OLB 63a and LOG 635,
described above with reference to FIG. 1.

[0051] The LCD device 100 according to the first embodi-
ment is different from the example LCD described above with
reference to FIGS. 1 and 2 in that a dual link structure is used.
That is, first data link wires 176a and the data lines 116 are
formed in one layer, but the second data link wires 1765 and
the gate lines 117 are formed in another layer. The dual link
structure allows the LCD device 100 to have a reduced width
(W" of a line diverging section because the pitch between the
first and second data link wires 1764 and 1765 can be reduced
compared to the LCD device of FIGS. 1 and 2. Hence, the
same number of first and second data link wires 1764 and
1765 as the LCD device of FIGS. 1 and 2 to be crammed into
the line diverging section with a narrower width. Moreover,
the first and second data link wires 1764 and 1765 formed in
different layers are not shorted, even if an overlay shift occurs
during processes.

[0052] Although not shown, under the dual link structure,
the LCD device 100 has contact holes and connection elec-
trodes for connecting the second data link wires 1765 to the
data lines 116 of the display area extending towards the driv-
ing area (hereinafter referred to as “link portion data lines”™).
More specifically, the second data link wire 1765 is electri-
cally connected to a connection electrode positioned above
the second data link wire 1765 via a second contact hole, and
the connection electrode is electrically connected to a link
portion data line positioned below the second data link wire
1766 via a third contact hole.

[0053] The connection electrode may be formed of a trans-
parent conductive material such as Indium Tin Oxide (ITO) or
Indium Zinc Oxide (IZO). And, the second contact hole and
the third contact hole may be formed to expose the surfaces of
the second data link wire 1764 and the link portion data line,
respectively, or to penetrate the second data link wire 1765
and the link portion data line, respectively.

[0054] However, the first data link wires 1764 and the sec-
ond data link wires 1764 are not simultaneously etched in the
dual link structure ofthe LCD device 100. Hence, the firstand
second data link wires 176a and 1765 of sub-pixels of the
same color among a plurality of sub-pixels 125R, 125G and
125B (e.g., the red sub-pixel 125R) may have different criti-
cal dimensions (CD). For example, the first data link wire
1764 has CD (1), and the second data link wire 1765 has CD
(1) (121"). The CD difference between the respective layers
may cause a resistance difference, which may result in a
brightness difference and a color difference between the sub-
pixels of the same color (125R, 125G, 125B). Such brightness
difference and color difference results in a deteriorated pic-
ture quality.
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[0055] Forexample, the resistance of an n data line (where
n is an integer larger than 0) may be similar to that of an
(n+2)" data line, but may be different from that of an (n+1)"
dataline or an (n+3)” dataline. If the n” data line is a data line
of a red sub-pixel, the (n+3)” data line is also a data line of a
red sub-pixel. Due to different charging characteristics and
pixel voltages caused by the resistance difference between the
n” data line and the (n+3)” data line, brightness difference
may be experienced in pixels associated with the n” data line
and the (n+3)” data line. To reduce or remove such brightness
difference, it is advantageous to have all the sub-pixels of the
same color receive signal via either the first data link wires or
the second data link wires, as described below in detail.
[0056] FIG. 6 is a cross-sectional view of a link portion in
an LCD device according to a second embodiment. The LCD
device of FIG. 6 has the same structure as the LCD device 100
of FIGS. 3 through 5 except for the arrangement of data link
wires. Like the LCD device 100, the LCD device of FIG. 6 has
a dual link structure where first data link wires 276a are
formed in the same layer as the data lines, and second data
link wires 2765 are formed in the same layer as the gate lines.
As aresult, the same number of data link wires 276a and 2765
as the example of FIGS. 1 through 3 can be designed in a link
portion having a relatively narrower width to reduce the width
of the line diverging section and prevent shorting of the first
and second datalink wires 276a and 2765 even if overlay shift
occurs during processes.

[0057] Inthe dual link structure of FIG. 6, all the sub-pixels
of the same color are connected to either the first data link
wires 2764 or the second data link wires 2764 1o attenuate a
resistance difference between neighboring data lines. As a
result, a non-uniform charging characteristic between the
neighboring data lines of the same color can be compensated.
This can enhance a picture quality while enabling a narrower
line diverging section.

[0058] For example, in the second embodiment, in a case
where an n™ sub-pixel (where n>1), an (n+1)" sub-pixel, and
an (n+2)” sub-pixel correspond to red, green and blue (RGB)
sub-pixels, respectively, the resistance of an n™ data line of
the red sub-pixel may not be equal to that of an (n+2)” data
line of the red sub-pixel, but may be equal to that of an (n+3)*
data line of the red sub-pixel. Since there is no substantial
resistance difference between the n data line and the (n+3)*
data line, between the (n+1)™ data line and the (n+4)” data
line, and between the (n+2)™ data line and the (n+5)” dataline
of the same color, the same charging characteristic and the
same pixel voltage are implemented therebetween. This may
reduce or remove difference in brightness.

[0059] In the second embodiment, an n” data link wire of
the red sub-pixel and a (n+1)” data link wire of the green
sub-pixel, are configured as the first data link wires 276a.
And, an (n+2)” data link wire of the blue sub-pixel is config-
ured as the second data link wire 276b. Such assignment of
sub-pixels to data link wires is merely illustrative and differ-
ent arrangements may also be used. For example, the n” data
link wire of the red sub-pixel may be configured as the first
data link wire 2764, and the (n+1)” data link wire ofthe green
sub-pixel and the (n+2)* data link wire of the blue sub-pixel
may configured as the second data link wires 2765, as
described below with reference to FI1G. 7.

[0060] FIG. 7 is a cross-sectional view of a link portion in
an LCD device according to a third embodiment. The LCD
device of FIG. 7 has the same structure as the LCD devices
according to first and second embodiments, except for astruc-
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ture of data link wires. Like the LCD devices according to first
and second embodiments, the LCD device according to a
third embodiment has a dual link structure where first data
link wires 3764 are formed in the same layer as the data lines,
and second data link wires 3765 are formed in the same layer
as the gate lines. The embodiment of FIG. 7 is different from
the second embodiment of FIG. 6 in that an n” data link wire
of the red sub-pixel is configured as the first data link wire
376. And, an (n+1)” data link wire of the green sub-pixel, and
an (n+2)” data link wire of the blue sub-pixel are configured
as the second data link wires 3764.

[0061] In the first to third embodiments, three sub-pixels
(red, green and blue) constitute a single pixel. However, other
embodiments may use four sub-pixels (red, green, blue and
white) to constitute a single pixel to enhance brightness. This
will be explained in more detail with an LCD device accord-
ing to a fourth embodiment with reference to FIGS. 9 and 10.
FIG. 9 is an enlarged plan view of an LCD device according
to the fourth embodiment. FIG. 10 is a cross-sectional view
taken along line D-D' of FIG. 9.

[0062] The liquid crystal display (LCD) device of FIG. 9
comprises an array substrate 412 and a color filter substrate
(not shown) facing each other with a uniform cell gap, and an
LClayer (notshown) formed in the cell gap between the array
substrate 412 and the color filter substrate. Although not
shown, the color filter substrate includes color filters each
consisting of red, green, blue and white sub color filters, black
matrices and an overcoat layer formed above the color filters
and the black matrices. The black matrices divide the sub
color filters from each other, and shield light which passes
through the LC layer. The array substrate 412 may be divided
into a display area 425 where a plurality of sub-pixels 425R,
425G, 425B and 425W are arranged in the form of matrices,
and a driving area allocated at the periphery of the display
area 425 and having driving devices for driving the sub-pixels
425R, 425G, 425B and 425W. Data lines 416 and gate lines
417 arranged in vertical and horizontal directions and defin-
ing pixel regions are formed in the display area 425 of the
array substrate 412.

[0063] The TFT includes a gate insulating film 415a for
insulating the gate electrode from the source/drain electrodes,
and an active layer for forming a conductive channel between
the source and drain electrodes by a gate voltage supplied to
the gate electrode. The TFT also includes a passivation film
4155 for insulating the source/drain electrodes from the pixel
electrode.

[0064] Inthe driving area, data driving IC 470a and a gate
driving IC (not shown) for applying data signals and gate
signals to the data lines 416 and the gate lines 417 are formed
in the display area 425. Data link wires 476 and gate link
wires (not shown) connected to the data lines 416 and the gate
lines 417, respectively, are formed in the driving area of the
array substrate 412 of the LCD device.

[0065] Like the LCD devices according to first to third
embodiments, the LCD device of FIGS. 9 and 10 also has a
dual link structure where first data link wires 4764 and the
data lines 416 are formed in one layer, and second data link
wires 4765 and the gate lines 417« re formed in another layer.
In the dual link structure according to a fourth embodiment,
all the sub-pixels of the same color are configured as the first
data link wires 476a or the second data link wires 4765.
[0066] Inthe fourthembodiment,ann® data link wire ofthe
red sub-pixel and a (n+2) data link wire of the blue sub-pixel
are configured as the first data link wires 476a. And, a (n+1)"
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data link wire of the green sub-pixel and a (n+3)” data link
wire of the white sub-pixel, are configured as the second data
link wires 4765. However, such arrangement is merely illus-
trative. That is, in other embodiments, the n data link wire of
the red sub-pixel and the (n+2)” data link wire of the blue
sub-pixel are configured as the second data link wires 4765,
and the (n+1)” data link wire of the green sub-pixel and the
(n+3)™ data link wire of the white sub-pixel are configured as
the first data link wires 476a.

[0067] In the first to fourth embodiments, the array sub-
strate may be bonded to the color filter substrate by a sealant
formed at the outer periphery of an image display region. Thin
film transistors, black matrices for preventing light leakage to
gate lines and data lines, and color filters for implementation
of red, green and blue colors (and white colors) are formed on
the color filter substrate.

[0068] Inoneembodiment, the color filter substrate and the
array substrate are bonded to each other by a bonding key
formed on the color filter substrate or the array substrate.
[0069] Hereinafter, a method of fabricating such LCD
device will be explained in more detail with reference to the
attached drawings. FIGS. 8A through 8F are cross-sectional
views showing processes for fabricating an LCD device
according to the second embodiment described above with
reference to FIG. 6.

[0070] AsshowninFIG. 8A,a gate electrode 221 and a gate
line (not shown) are formed in a display area of an array
substrate 212 formed of a transparent insulating material such
as glass. And, second data link wires 2765 are formed in a
driving area of the array substrate 212.

[0071] The gate electrode 221, the gate lines and the second
data link wires are formed by applying a first conductive film
onto the entire surface of the array substrate 212, and then by
selectively patterning the first conductive film through a pho-
tolithography (first mask process).

[0072] The first conductive film may be formed of a low
resistance opaque conductive material such as aluminum
(Al), Al alloy, tungsten (W), copper (Cu), chromium (Cr),
molybdenum (Mo) and Mo alloy. The first conductive mate-
rial may be formed to have a multi-layered structure where at
least two of the above materials are laminated onto each other.
[0073] Then, as shown in FIG. 8B, a gate insulating film
215a, an amorphous silicon thin film, and an n+ amorphous
silicon thin film are formed on the entire surface of the array
substrate 212 where the gate electrode 221, the gate lines and
the second data link wires have been formed.

[0074] Then, the amorphous silicon thin film and the n+
amorphous silicon thin film are selectively removed by a
photolithography process (second mask process), thereby
forming an active layer 224 formed of the amorphous silicon
thin film, on a TFT region of the array substrate 212.

[0075] An n+ amorphous silicon thin film pattern 225 pat-
terned in the same shape as the active layer 224, is formed on
the active layer 224.

[0076] Then, as shown in FIG. 8C, asecond conductive film
is formed on the entire surface of the array substrate 212
where the active layer 224 and the n+ amorphous silicon thin
film pattern 225 have been formed. The second conductive
film may be formed of a low resistance opaque conductive
material such as aluminum (Al), Al alloy, tungsten (W), cop-
per (Cu), chromium (Cr), molybdenum (Mo) and Mo alloy.
The second first conductive material may be formed to have a
multi-layered structure where at least two of the above mate-
rials are laminated onto each other.
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[0077] Then, the n+ amorphous silicon thin film and the
second conductive film are selectively removed through a
photolithography process (third mask process), thereby form-
ing, on the active layer 224, a source electrode 222 and a drain
electrode 223 formed of the second conductive film.

[0078] While data lines (not shown) formed of the second
conductive film are formed in a data line area of the array
substrate 212 through the third mask process, the first data
link wires 276a formed ofthe second conductive film and link
portion data lines 226 extending from the data lines are
formed in a driving area of the array substrate 212.

[0079] All the sub-pixels of the same color are connected
the first data link wires 276a or the second data link wires
276b. In this case, an n” (where n is an integer larger than 0)
data link wire of a red sub-pixel and an (n+1)” data link wire
of a green sub-pixel, are configured as the first data link wires
276a. And, an (n+2)” data link wire of a blue sub-pixel is
configured as the second data link wires 276b.

[0080] On the active layer 224, an ohmic-contact layer
225n of the n+ amorphous silicon thin film is formed to
provide ohmic-contact between source/drain regions of the
active layer 224 and the source/drain electrodes 222, 223.

[0081] Although the fabrication method was described
above with reference to individually forming the active layer
224, the source electrode 222, the drain electrode 223, the
data lines and the first data link wires 276a through two mask
processes. However, such fabrication method is merely illus-
trative. That is, the active layer 224, the source electrode 222,
the drain electrode 223, the data lines and the first data link
wires 276a may be formed through a single mask process, by
a diffraction exposure or a half tone exposure.

[0082] As shown in FIG. 8D, a passivation film 2156 is
formed on the entire surface of the array substrate 212 where
the source electrode 222, the drain electrode 223, the data
lines and the first data link wires 2764 have been formed.

[0083] Then, the passivation film 2155 and the gate insu-
lating film 2154 are selectively removed through a photoli-
thography process (fourth mask process), thereby forming a
first contact hole 240q in the display area of the array sub-
strate 212, and forming a second contact hole 2405 and a third
contact hole 240¢ in the driving area of the array substrate
212. Here, the first contact hole 2404 serves to expose part of
the drain electrode 223, and the second contact hole 2405 and
the third contact hole 240¢ serve to expose one ends of the link
portion data lines 226 and the second data link wires 2764,
respectively.

[0084] Here, the second contact hole 2405 and the third
contact hole 240¢ may be formed to expose the link portion
data lines 226 and the second data link wires 2764 positioned
below the link portion data lines 226 and the second data link
wires 276b. Alternatively, the second contact hole 2405 and
the third contact hole 240¢ may be formed to penetrate the
link portion data lines 226 and the second data link wires
276b.

[0085] As shown in FIG. 8E, a third conductive film of a
transparent conductive material is formed on the entire sur-
face of the array substrate 212 where the passivation film
215b has been formed. Then, the third conductive film is
selectively patterned through a photolithography process
(fifth mask process), thereby forming, in the display area of
the array substrate 212, a pixel electrode 218 electrically
connected to the drain electrode 223 via the first contact hole
240a.
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[0086] FIG. 8F is a diagram illustrating first data link wire
276a connected to link portion data line 226 via connection
electrode 229. Although first data link wire 276a and the link
portion data line 226 is placed on the same level, the connec-
tion between first data link wire 276a and the link portion data
line 226 is achieved via connection electrode 229 to add
resistance between the link wire 2764 and the link portion
data line 226. In this way. the overall resistance of the signal
path from data line 226 to the first data link wire 276a can be
increased to the same or similar level as the overall resistance
of the signal path from data line 226 and second data link
wires 2765 as shown in FIG. 8E.

[0087] As the third conductive film is selectively patterned
through a photolithography process (fifth mask process), con-
nection electrodes 228 are formed to electrically connected to
the link portion data lines 226 and the second data link wires
276b via the second contact hole 2405 and the third contact
hole 240¢. Based on such configuration, the second data link
wires 2765 are electrically connected to the link portion data
lines 226 via the connection electrodes 228.

[0088] Although embodiments are described herein prima-
rily with reference to an LCD device, the same principle is
applicable to other types of display device manufactured
using a thin film transistor (e.g., an OLED display device).
[0089] The foregoing embodiments and advantages are
merely exemplary and are not to be considered as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.

What is claimed is:
1. A liquid crystal display (LCD) device, comprising:
a display area on a substrate, comprising:

a plurality of data lines formed in a first layer of the
substrate to extend in a first direction,

a plurality of gate lines formed in a second layer of the
substrate to extend in a second direction perpendicu-
lar to the first direction in the display area, the plural-
ity of the gate lines in conjunction with the plurality of
data lines defining a plurality of sub-pixels, and

a thin film transistor (TFT) formed at each intersection
of each of the plurality of data lines and each of the
plurality of the gate lines; and

adriving area on the substrate and surrounding the display
area, the driving area comprising:

a first set of data link wires formed in the first layer and
placed between a driving circuit and a first subset of
the plurality of data lines to carry data signals; and

asecond set of data link wires formed in the second layer
and placed between the driving circuit and a second
subset of the plurality of data lines to carry data sig-
nals.

2. The LCD device of claim 1, further comprising an insu-
lating film between the first layer and the second layer.

3. The LCD device of claim 2, further comprising:

first connection electrodes configured to electrically con-
nect the second set of the data link wires to the second
subset of the plurality of data lines; and
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second connection electrodes configured to electrically
connect the first set of the data link wires to the first
subset of the plurality of data lines.

4. The LCD device of claim 3, wherein the connection
electrodes are formed of a transparent conductive material
including indium-tin-oxide or indium-zinc-oxide.

5. The LCD device of claim 1, wherein an n™ sub-pixel of
a first color is connected to a nth data link wire, (n+1)™
sub-pixel of a second color is connected to a (n+1)” data link
wire and (n+2)” sub-pixel of a third color is connected to a
(n+2)" data link wire, wherein the first set of data link wires
comprises the n” data link wire and (n+1)* data link wire, and
the second set of data link wires comprises the (n+2)” data
link wire.

6. The LCD device of claim 5, wherein the first coloris red,
the second color is green, and the third color is blue.

7. The LCD device of claim 1, wherein an n” sub-pixel is
connected to an n” data link wire, a (n+1)” sub-pixel is
connected to a (n+1)” data link wire and a (n+2)" sub-pixel is
connected to a (n+2)” data link wire, wherein the first set of
data link wires comprises the n™ data link wire, and the
second set of data link wires comprises the (n+1)” data link
wire and the (n+2)” data link wire.

8. The LCD device of claim 1, wherein an n” sub-pixel of
a first color is connected to an n” data link wire, a (n+1) *
sub-pixel of a second color is connected to a (n+1)” data link
wire, (n+2)™ sub-pixel of a third color is connected to a
(n+2)™ data link wire, and a (n+3)” sub-pixel ofa fourth color
is connected to a (n+3)™ data link wire, wherein the first set of
data link wires comprises the n” data link wire and the (n+2)”
data link wire, and the second set of data link wires comprises
the (n+1)” data link wire and (n+3)" data link wire.

9. The LCD device of claim 8, wherein the first coloris red,
the second color is green, the third color is blue and the fourth
color is white.

10. A method of fabricating a liquid crystal display (LCD)
device, comprising:

forming a set of data link wires in a driving area of a

substrate;

forming an insulating film on the substrate formed with the

set of data link wires;

forming another set of data link wires on the substrate

formed with the insulating layer, at least part of the other
set of data link wires electrically connected to a first set
of sub-pixels of a first color in a display area of the
substrate via date lines;

forming a passivation film on the substrate formed with the

first and second set of data lines; and

forming connection electrodes on the substrate formed

with the passivation film for electrically connecting at
least part of the set of data link wires to a second set of
sub-pixels of a second color via data lines.

11. The method of claim 1, further comprising:

forming gate electrodes and gate lines in the display area

before forming the set of data link wires;

forming an active layer on the insulating film; and

forming source electrodes, drain electrodes, and the data

lines defining sub-pixels in conjunction with the gate
lines, on the active layer in the display area.

12. The method of claim 10, wherein at least part of the set
of data link wires is connected to a third set of sub-pixels of a
third color via data lines.
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13. The method of claim 10, wherein at least part of the
other set of data link wires is connected to a third set of
sub-pixels of a third color via data lines.

14. The method of claim 10, wherein the set of data link
wires is formed in a same layer as gate electrode and gate
lines, and the other set of data link wires and the data lines are
formed in a same layer as a source electrode and a drain
electrode.

15. The method of claim 10, wherein an n” sub-pixel ofthe
first color is connected to an n™ data link wire, a (n+1)”
sub-pixel of the second color is connected to a (n+1)" data
link wire and a (n+2)” sub-pixel of a third color is connected
to a (n+2)” data link wire, wherein the set of data link wires
comprises the n data link wire and the (n+1)" data link wire,
and the other set of data link wires comprises the (n+2)” data
link wire.

16. The method of claim 15, wherein the first color is red,
the second color is green, and the third color is blue.

17. The method of claim 10, wherein an n™ sub-pixel is
connected to an n” data link wire, (n+1)” sub-pixel is con-
nected to a (n+1)” data link wire and (n+2)* sub-pixel is
connected to a (n+2)” data link wire, wherein the set of data
link wires comprises the n data link wire, and the second set
of data link wires comprises the (n+1)" data link wire and the
(n+2)" data link wire.

18. The method of claim 10, wherein an n™ sub-pixel of the
first color is connected to an n™ data link wire, a (n+1)”
sub-pixel of the second color is connected to a (n+1)™” data
link wire, (n1+2)™ sub-pixel of a third color is connected to a
(n+2)" data link wire, and (n+3)” sub-pixel of a fourth color
is connected to a (n+3)™ data link wire, wherein the set of data
link wires comprises the n” data link wire and the (n+2)” data
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link wire, and the other set of data link wires comprises the
(n+1)” data link wire and (n+3)® data link wire.

19. The method of claim 18, wherein the first color is red,
the second color is green, the third color is blue and the fourth
color is white.

20. A liquid crystal display (LCD) device, comprising:

a display area on a substrate, comprising:

a plurality of data lines formed in a first layer of the
substrate to extend in a first direction,

a plurality of gate lines formed in a second layer of the
substrate to extend in a second direction perpendicu-
lar to the first direction in the display area, the plural-
ity of the gate lines in conjunction with the plurality of
data lines defining a plurality of sub-pixels, and

a thin film transistor (TFT) formed at each intersection
of each of the plurality of data lines and each of the
plurality of the gate lines; and

a driving area on the substrate and surrounding the display

area, the driving area comprising a plurality sets of data

link wires, each set of data link wires comprising:

a first data link wire configured to carry data signal of a
first color,

asecond data link wire configured to carry data signal of
a second color, and

a third data link wire configured to carry data signal of'a
third color, one ofthe first, second and third link wires
formed on one of the first layer or the second layer,
and others of the first, second and third link wires
formed on the other of the first layer or the second
layer.
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